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a n a t t r a c t i v e f e a t u r e i n t h e v o l u m e ; b u t t h e f a c t i s a l s o 

r e c o g n i z e d t h a t t h e b e s t s t y l e , t h e o r e t i c a l l y , i s n o t a l w a y s 

t h e c l e a r e s t a n d t h e m o s t f o r c i b l e , a n d t h a t s u c c e s s f u l 

t e a c h e r s h a v e o f t e n t o s a c r i f i c e b e a u t y o f r h e t o r i c i n o r d e r 

t o i m p a r t t h e i r k n o w l e d g e . 

I h a v e d e p a r t e d s o m e w h a t f r o m t h e c u s t o m o f a n a t o m 

i c a l a u t h o r s i n m a k i n g d i a g r a m m a t i c i l l u s t r a t i o n s — w h i c h 

i t i s m y h a b i t t o d r a w u p o n t h e b l a c k - b o a r d b e f o r e m y 

c lasses , i n o r d e r t o m a k e t h e l i s t e n e r u s e t h e e y e as w e l l as 

t h e i n t e l l i g e n c e as a m e a n s o f g a i n i n g i n f o r m a t i o n — a p r o m -
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f r i e n d P r o f e s s o r E . C . S e g u i n f o r s o m e l a t e m o n o g r a p h s 
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p l a c e o f a g u i d e i n t h i s — t h e l a b y r i n t h o f m e d i c a l s c i ence 

— e x p e r i e n c e a l o n e m u s t d e c i d e . 

A M B E O S E L . R A N N E Y . 
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G E N E R A L I N T R O D U C T I O N 

THE NERVOUS SYSTEM CONSIDERED AS A WHOLE, AND 

THE AXIOMS OF NERVE DISTRIBUTION. 





G E N E R A L I N T R O D U C T I O N 

G E N T L E M E N : T h e s u b j e c t o f t h e n e r v e s , w h i c h h a s b e e n 

c h o s e n as t h e t h e m e o f m y w i n t e r ' s c o u r s e o f l e c t u r e s , i s o n e 

w h i c h p r o b a b l y c o m p r i s e s m o r e p o i n t s o f p r a c t i c a l i n t e r e s t 

t h a n a n y o t h e r p o r t i o n o f a n a t o m y . I s a y o f p r a c t i c a l i n t e r 

est , b e c a u s e t h e r e i s h a r d l y a f i e l d o f m e d i c i n e o r o f s u r g e r y 

w h e r e t h e n e r v o u s s y s t e m d o e s n o t h e l p t o e x p l a i n m a n y o f 

t h e s y m p t o m s w h i c h m i g h t o t h e r w i s e t e n d t o p o s s i b l y m i s 

l e a d t h e p r a c t i t i o n e r , a n d w h e r e i t d o e s n o t a l s o a f f o r d i n v a l u 

a b l e a i d i n t h e d i a g n o s i s o f o b s c u r e a f f e c t i o n s w h i c h m i g h t 

r e m a i n u n r e c o g n i z e d , w i t h o u t a k n o w l e d g e o f t h e n e r v e s a n d 

o f t h e i r d i s t r i b u t i o n a n d f u n c t i o n , t i l l t h e o p p o r t u n i t y o f 

r e l i e f t o t h e p a t i e n t h a s p a s s e d . 

T h e d i s t r i b u t i o n o f t h o s e s m a l l n e r v e filaments w h i c h s u p 

p l y t h e s k i n o f t h e b o d y w i t h s e n s a t i o n , a n d t h u s a l l o w o f t h e 

p e r c e p t i o n o f e x t e r n a l i m p r e s s i o n s , s u c h as t h o s e o f h e a t , c o l d , 

p a i n , a n d t o u c h , possesses t o - d a y a n i m p o r t a n c e w h i c h i s n o t 

c o n f i n e d t o t h e r e s e a r c h e s o f t h e p h y s i o l o g i s t , b u t w h i c h t h e 

a d v a n c e d p h y s i c i a n a n d s u r g e o n a r e b o t h k e e n l y a l i v e t o 

g r a s p i n a l l i t s p r a c t i c a l d e t a i l . 

I n e v e r y w o r k n o w p u b l i s h e d u p o n d i seases o f t h e n e r v o u s 

s y s t e m , y o u w i l l find p l a t e s , w h i c h , i n less m o d e r n t r e a t i s e s , 

h a v e n o a n a l o g u e ; w h i c h p l a t e s a r e d e s i g n e d t o s h o w t h e 

s i t u a t i o n o f c e r t a i n motor points o n t h e c u t a n e o u s s u r f a c e o f 

t h e d i f f e r e n t a n a t o m i c a l r e g i o n s o f t h e b o d y , w h e r e t h e e l ec 

t r i c c u r r e n t c a n b e b e s t a p p l i e d t o a c c o m p l i s h c e r t a i n d e s i r e d 

e f f e c t s . 



4 GENERAL INTRODUCTION 

T h e i m p o r t a n t r e l a t i o n s h i p w h i c h e x i s t s b e t w e e n t h e n e r v e s 

o f t h e s k i n , t h e m u s c l e s u n d e r n e a t h i t , a n d t h e j o i n t s w h i c h 

t h o s e m u s c l e s m o v e , i s a f f o r d i n g t h e e n l i g h t e n e d p h y s i c i a n a 

m e a n s o f t r a c i n g t h e seat o f o b s c u r e a f f e c t i o n s , b y t h e u se o f 

c e r t a i n general rules g o v e r n i n g t h e n e r v e s u p p l y o f t h e b o d y , 

w i t h a d e g r e e o f a c c u r a c y a n d ease w h i c h s t r i k e s t h o s e , n o t 

f a m i l i a r w i t h t h e m e t h o d , as r e m a r k a b l e . 

T h e i n v e s t i g a t i o n s o f C h a r c o t , 1 F e r r i e r , 2 B r o w n - S e q u a r d , 3 

B r o c a , 4 B o u i l l a u d , 6 A n d n i l , 6 a n d a h o s t o f o t h e r s , h a v e 

a w a k e n e d t h e p r o f e s s i o n t o t h e f a c t t h a t m a n y o f t h e o l d 
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c ise d i s t r i b u t i o n o f t h e n e r v o u s s y s t e m , m a y b e d e v e l o p e d i n 

t h e f u t u r e , t i m e a l o n e w i l l s h o w ; b u t w e h a v e a l r e a d y a m p l e 

p r o o f t h a t s o m e p o s i t i v e i n f o r m a t i o n o f a p r a c t i c a l c h a r a c t e r 

h a s b e e n g a i n e d , a n d m u c h a d v a n c e h a s b e e n m a d e i n t h e 

a c c u r a t e k n o w l e d g e o f t h e a n a t o m y o f t h e n e r v o u s cen t e r s . 

W h e n w e c o n s i d e r t h a t e v e r y a c t w h i c h d i s t i n g u i s h e s t h e 
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ence o f t h e ne rves , a n d t h a t , w i t h o u t t h e s e e l e c t r i c w i r e s , t h e 

h e a r t w o u l d cease t o t h r o b , t h e l u n g s n o l o n g e r p e r f o r m t h e i r 

f u n c t i o n , t h e e y e n o l o n g e r b e c a p a b l e o f v i s i o n , t h e "ear n o 

l o n g e r p e r c e i v e s o u n d , a n d t h a t s m e l l , t a s t e , e x p r e s s i o n , a n d 

m o v e m e n t w o u l d cease t o e x i s t , w e c a n t h e n u n d e r s t a n d h o w 

m u c h o f p h y s i o l o g i c a l i n t e r e s t m u s t c e n t e r a r o u n d t h i s s p e c i a l 

s t u d y , a n d h o w n e c e s s a r y i s t h e t h o r o u g h u n d e r s t a n d i n o - o f 

t h e d i s t r i b u t i o n a n d f u n c t i o n o f t h e i n d i v i d u a l n e r v e s , i f w e 

1 " Localizations dans lcs maladies cerebralcs." 
2 " Functions of the Brain " ; " Localization of Cerebral Disease." 
8 " Lectures on the Physiological Pathology of the Brain." 
4 " Bull, de la Soc. Anat.," 1861. 
6 " Recherches experimentalcs sur les fonctions du ccrvcau." "Jour, de Physiolo-

gie," Paris, 1830. "Traite de l'Eucephalite," Paris, 1825. 
6 " Clinique Medicale." 
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e v e r h o p e t o a t t a i n a c o m p r e h e n s i v e g r a s p o f t h e g e n e r a l p l a n 

o f o u r c o n s t r u c t i o n . 

D u r i n g t h e l a s t s e s s ion , I c l o s e d m y c o u r s e o f l e c t u r e s w i t h 

a d e s c r i p t i o n o f t h e g e n e r a l c o n s t r u c t i o n o f n e r v e s a n d t h e 

a n a t o m y o f t h e h u m a n b r a i n . I t w i l l a s s i s t u s , i n o u r s t u d y o f 

t h e d i s t r i b u t i o n a n d p r a c t i c a l u t i l i t y o f t h e s e p a r a t e n e r v e s o f 

t h e b o d y , t o h a s t i l y r e v i e w t h e m a i n c l a s s i f i c a t i o n s o f n e r v e s 

a n d t h e g e n e r a l p l a n u p o n w h i c h t h e n e r v o u s s y s t e m i s 

f o r m e d . 

T h e n e r v o u s s y s t e m o f t h e h u m a n r a c e c o n s i s t s o f t h e f o l 

l o w i n g c o m p o n e n t p a r t s : 

1 s t . C e r e b r o - s p i n a l 
s y s t e m . 

j B r a i n . 
T h e c e r e b r o - s p i n a l < M e d u l l a o b l o n g a t a . 

a x i s : f S p i n a l c o r d . 

T h e m o t o r n e r v e s . 
t T h e s e n s o r y n e r v e s . 

2 d . T h e s y m p a t h e t i c n e r v e . 
3 d . V a r i o u s g a n g l i a , c o n n e c t e d w i t h s p e c i a l n e r v e s . 

T h e cerebrospinal axis i n c l u d e s t h o s e n e r v e c e n t e r s i n 

c l o s e d w i t h i n t h e c a v i t i e s o f t h e c r a n i u m , a n d o f t h e s p i n a l 

FIG. 1.—Nerve jibers from the human subject; magnified 350 diameters. (Kolliker.) 
Four small fibers, of which two are varicose, one medium-sized fiber with borders of sin-

pie contour, and four large fibers; of the latter, two have a double contour and two 
contain granular matter. 
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FIG. 2.— Cervical and thoracic portion of the sympathetic. (Sappey.) 
1, 1, right pneumogastric; 2, glossopharyngeal; 3, spinal accessory; 4, divided trunk 

of the sublingual; 5, 5, 5, chain of ganglia of the sympathetic ; 6, superior cervical 
ganglion; 1, branches from this ganglion to the carotid; 8. nerve of Jacobson; 9, 
two'filaments from the facial, one to the sphenopalatine and the other to the otic gan
glion; 10, motor oculi externus ; 11, ophthalmic ganglion, receiving a motor filament 
from the motor oculi communis and a sensory filament from the nasal branch of the 
'fifth ; 12, sphcno-palatinc ganglion ; 13, otic ganglion ; 14, lingual branch of the fifth 
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nerve; 15, submaxillary ganglion; 1G, 17, superior laryngeal nerve; 18, external 
laryngeal nerve; 19, 20, recurrent laryngeal nerve; 21, 22, 23, anterior branch's of 
(lacupper four cm ical nerves, sending filaments to the superior cervical sympathetic 
ganglion ; 24, nrittrior branches of the fifth and sixth ccrvicnl nerve sending filn,n\<V< 
to tin middle ccrvicnl ganglion ; 25,26, anterior branches of the seventh and tii/htJi 
ctrvical and the first dorsal nerves, sending filaments to the inferior cervical gnnglion : 
27, middle cervical ganglion ; 28, cord connrcting the two ganglia; 29, inferior cervi
cal ganglion ; 30, 'i I, filaments connecting this with the middle ganglion ; 32, superior 
cardiac nerve ; 33, middle cardiac nerve ; 34, inferior cardiac nerve ; 35, 35, ccrrdiac 
plexus; 36, ganglion of the cardiac plexus ; SI, nerve following the right oronary 
artery ; 38, 38, iniercostcd nerves with their two filaments of communication with 
the thoracic ganglia ; 39, 40, 41, great splanchnic nerve ; 42, lesser sptanchnic nerve ; 
43, 43, solar plexus ; 44, left pneumogastric; 45, right pneumogastric; 46, lower end 
of the phrenic nerve ; 47, section of the right bronchus; 4S, arch of the aorta; 49, 
right auricle; 50, right ventricle; 51, 52, pulmonary artery; 53, right half of the 
stomach; 54, section of the diaphragm. 

column, viz., the brain, medulla oblongata, and spinal cord. 

T h e s e c o n d c o m p o n e n t p a r t o f t h e c e r e b r o - s p i n a l s y s t e m , v i z . , 

t h e m o t o r n e r v e s , a r e e f f e r e n t nerves, w h i c h c a r r y t h e i m p u l s e s 

o f t h e n e r v e c e n t e r s t o t h e m u s c l e s . T h e t h i r d c o m p o n e n t 

p a r t , t h e s e n s o r y n e r v e s , a r e a f f e r e n t nerves, w h i c h c a r r y o n l y 

s e n s o r y i m p r e s s i o n s f r o m t h e p e r i p h e r y o f t h e b o d y t o t h e 

n e r v e c e n t e r s , v i z . , t o t h e b r a i n o r s p i n a l c o r d . 

T h e sympathetic nerve' c o m p r i s e s a c o n t i n u o u s c h a i n o f 

n e r v e f i b e r s a n d g a n g l i o n i c e n l a r g e m e n t s , w h i c h e x t e n d s f r o m 

t h e h e a d t o t h e c o c c y x , o n b o t h s i de s o f t h e s p i n a l c o l u m n , 

a n d w h i c h i s i n c o n s t a n t c o m m u n i c a t i o n , a l o n g i t s c o u r s e , 

w i t h b r a n c h e s o f t h e c e r e b r o - s p i n a l s y s t e m o f n e r v e s . I t s u p 

p l i e s b r a n c h e s t o v a r i o u s g a n g l i a o f t h e t h o r a x a n d a b d o m e n , 

a n d h e l p s t o f o r m t h e p l e x u s e s o f n e r v e s w h i c h r a m i f y u p o n 

t h e c o a t s o f a l l t h e p r i n c i p a l blood-vessels, a n d w h i c h a c c o m 

p a n y t h e m t h r o u g h o u t t h e l e n g t h o f t h e i r c o u r s e . I t i s b y 

m e a n s o f t h e s e p l e x u s e s u p o n t h e b l o o d - v e s s e l s t h a t t h e s y m 

p a t h e t i c n e r v e i s e n a b l e d t o c o n t r o l t h e i n v o l u n t a r y m u s c u l a r 

f i b e r s w i t h i n t h e c o a t s o f t h e b l o o d - v e s s e l s , a n d t h u s t o r e g u 

l a t e t h e vascular' supply o f t h e v a r i o u s t i s s u e s a n d o r g a n s o f 

t h e b o d y ; a n d t h e n e r v e f i b e r s o f t h e s y m p a t h e t i c a r e t h e r e 

f o r e o f t e n c a l l e d t h e " n e r v e s o f o r g a n i c l i f e , " s i n c e t h e y r e g u 

l a t e t h e l i f e o f t i s s u e s b y c o n t r o l l i n g t h e i r b l o o d s u p p l y , w h i l e 

t h e c e r e b r o - s p i n a l n e r v e s a r e c o n t r a d i s t i n g u i s h e d as t h e 

• ' n e r v e s o f a n i m a l l i f e , " s i n c e t h e y c o n t r o l t h o s e a c t s w h i c h 

a r e e s s e n t i a l t o t h e l i f e o f t h e i n d i v i d u a l , s u c h as m u s c u l a r 
1 Sec Fig. 2 and Fig. 3. 
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FIG. 3.—Lumbar and sacral portions of the sympathetic. (Sappey.) 

section of the diaphragm : 2, lower end of the oesophagus; 3, left half of the stomach; 
4 small intestine; 5, sigmoid flexure of the colon; 6, rectum; 7, bladder; 8, pros
tate; 9, lower end of the left pneumogastric ; 10, lower end of the right pneumogas
tric;' 11, solar plexus; 12, lover end of the great splanchnic nerve ; 13, lower end of 
the lesser splanchnic nerve ; 14, 14, last two thoracic ganglia ; 15, 15, the four lumbar 
qanqlia; 10, 1G, 17, 17, branches from the lumbar ganglia; 18, superior mesenteric 
'plexus; 19, 21, 22, 23, aortic lumbar plexus ; 20, inferior mesenteric plexus; 24, 24, 
sacred portion of the sympathetic; 25, 25, 26, 26, 27, 27, hypogastric plexus ; 28, 29, 
30, tenth, eleventh, and twelfth dorsal nerves; 31, 32, 33, 34, 35, 36, 37, 38, 39, lum
bar and sacral nerves. 
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m o v e m e n t , r e s p i r a t i o n , e t c . T h e f r e q u e n t c o m m u n i c a t i o n be

t w e e n t h e s y m p a t h e t i c n e r v e s a n d t h o s e o f t h e c e r e b r o - s p i n a l 

s y s t e m r e n d e r s t h e a c t i o n s o f t h e t w o s y s t e m s i n p e r f e c t ac

c o r d , a n d t h u s s u p p o r t s t h e u n i v e r s a l law of harmony w h i c h 

i s so b e a u t i f u l l y i l l u s t r a t e d i n a l l t h e w o r k s o f N a t u r e . 

T h e cerebro-spinal nerves c o m p r i s e t h o s e w h i c h escape 

f r o m t h e f o r a m i n a o f t h e c r a n i u m , c a l l e d t h e cranial nerves, 

a n d t h o s e w h i c h a r e g i v e n o f f f r o m t h e s p i n a l c o r d , w h i c h 

e scape f r o m t h e s p i n a l c a n a l b y m e a n s o f f o r a m i n a b e t w e e n 

t h e l a m i n a e o f t h e v e r t e b r a e , c a l l e d t h e " i n t e r - v e r t e b r a l f o r a 

m i n a . " T h e s e l a t t e r n e r v e s a r e c a l l e d spinal nerves, i n c o n 

t r a d i s t i n c t i o n t o t h e c r a n i a l n e r v e s . 

A l l o f t h e s p i n a l n e r v e s a r i s e b y two roots, t h u s i n d i c a t i n g 

t h a t t h e y a r e p r o v i d e d w i t h b o t h m o t o r a n d s e n s o r y f i l a 

m e n t s , t h e f o r m e r o f w h i c h c o n s t i t u t e t h e a n -

t e r i o r a n d t h e l a t t e r t h e p o s t e r i o r r o o t ; w h i l e 

t h e c r a n i a l n e r v e s a r e , i n s o m e i n s t a n c e s , 

s i m i l a r l y c o n s t r u c t e d , as t o h a v i n g t w o d i s 

t i n c t r o o t s , w h i l e o t h e r s h a v e o n l y o n e . T h e 

r e a s o n o f t h i s a n a t o m i c a l v a r i a t i o n i s e x 

p l a i n e d b y t h e f a c t t h a t s o m e o f t h e c r a n i a l 

n e r v e s a r e d e s t i t u t e o f m o t o r f i b e r s , s o m e o f 

s e n s o r y fibers, w h i l e o t h e r s a r e e n d o w e d w i t h 

a s p e c i a l f u n c t i o n , s u c h as s i g h t , s m e l l , h e a r 

i n g , a n d t a s t e . 

I n t h e c o u r s e o f l e c t u r e s w h i c h I p r o p o s e 

t o d e l i v e r b e f o r e y o n t h i s w i n t e r , i t i s m y i n 

t e n t i o n n o t o n l y t o g i v e t h e a n a t o m i c a l o r i 

g i n , c o u r s e , a n d d i s t r i b u t i o n o f t h e v a r i o u s 

n e r v e s , b u t a l s o s u c h p o i n t s o f p r a c t i c a l v a l u e 

as m a y b e s u g g e s t e d i n c o n n e c t i o n w i t h e a c h , 

w h i c h w i l l a i d i n r e m e m b e r i n g t h e p e c u l i 

a r i t i e s w h i c h e a c h p r e s e n t s , a n d p o s s i b l y t o 

g u i d e y o u i n y o u r p r a c t i c e a t t h e b e d s i d e o f 

t h e s i c k . 

T h e s t u d y o f t h e p r a c t i c a l b e a r i n g o f t h e 

d i s t r i b u t i o n o f t h e n e r v e s i s t o - d a y a s s u m i n g 

FIG. 4.—Fibers of 
Rcmak; magni
fied 300 diame
ters. (Robin.) 

With the gelatinous 
fibers are seen 
two of the ordina
ry, dark-bordered 
nerve fibers. 
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a n i m p o r t a n c e i n d i a g n o s i s w h i c h c a n n o t be o v e r - e s t i m a t e d ; 

w h i l e t h e p h y s i o l o g i c a l p h e n o m e n a p r o d u c e d b y t h e m h a v e 

a d i r e c t i n f l u e n c e u p o n t h e p r o p e r p e r f o r m a n c e o f a l l t h o s e 

f u n c t i o n s o f t h e b o d y w h i c h m a y b e c o n s i d e r e d as v i t a l t o i t . 

I t i s c l a i m e d b y J o h n H i l t o n 1 t h a t , i f w e t r a c e t h e d i s 

t r i b u t i o n o f t h e m o t o r n e r v e f i l a m e n t s f r o m a n y s p e c i a l n e r v e 

t r u n k t o t h e m u s c l e s , w e s h a l l f i n d t h a t o n l y t h o s e m u s c l e s 

a r e s u p p l i e d b y e a c h o f t h e i n d i v i d u a l n e r v e s w h i c h a r e r e 

q u i r e d t o r e n d e r t h e p e r f o r m a n c e o f t h e functions, f o r w h i c h 

t h a t n e r v e w a s d e s i g n e d , c o m p l e t e ; a n d t h a t , i f m u s c l e s w e r e 

c l a s s i f i e d o n a bas i s o f t h e i r n e r v e s u p p l y , i n s t e a d o f i n 

g r o u p s o f m e r e r e l a t i o n s h i p as t o l o c a l i t y , a s e l f - e v i d e n t p h y 

s i o l o g i c a l r e l a t i o n w o u l d b e s h o w n w h i c h w o u l d t e n d g r e a t l y 

A. B 

FIG. 5.—Mode of termination of the motor nerves. (Rouget.) 
A, primitive fasciculus of the thyro-hyoid muscle of the human subject, and its nerve 

tube : 1, 1, primitive muscular fasciculus ; 2, nerve tube; 3, medullary substance of 
the tube, which is seen extending to the terminal plate, where it disappears; 4, ter
minal plate situated beneath the sarcolcmma, that is to say, between it and the ele
mentary fibrillae; 5, 5, sareolemma. 

B. primitive fasciculus of the intercostal muscle of the lizard, in which a nerve tube ter
minates: 1, 1, sheath of the nerve tube; 2, nucleus of the sheath; 3, 3, sareolemma 
becoming continuous with the sheath ; 4, medullary substance of the nerve tube ceas
ing abruptly at the site of the terminal plate; 5, 5, terminal plate; 6, 6, nuclei of 
the plate; 7, 7, granular substance which forms the principal element of the terminal 
plate, and which is continuous with the axis cylinder; 8, 8, undulations of the sareo
lemma reproducing those of the fibrilla!; 9, 9, nuclei of the sareolemma. 

to simplify a knowledge of the muscular system in its prac

t i c a l b e a r i n g s , a n d t o p r o v e a d e s i g n o n t h e p a r t o f t h e 

C r e a t o r . 
1 " Rest and Fain," London. (New York, 1879.) 
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T h u s , h e s a y s , w e f r e q u e n t l y find m u s c l e s c l o s e t o g e t h e r 

a n d s t i l l s u p p l i e d b y s e p a r a t e n e r v e s , o n e o f w h i c h h a s p o s s i 

b l y t o g o a l o n g w a y o u t o f a d i r e c t c o u r s e t o r e a c h i t , w h i c h 

i s c o n t r a r y t o t h e u s u a l m e t h o d o f N a t u r e , w h o a l w a y s e m 

p l o y s t h e s i m p l e s t m e a n s t o a c c o m p l i s h h e r d e s i g n s ; b u t , i f 

w e e x a m i n e t h e action o f t h e s e t w o m u s c l e s , w e s h a l l find 

t h a t e a c h o n e acts in unison w i t h t h e other muscles sup

plied by the same nerve, a n d t h a t t o p r o d u c e t h i s p e r f e c t 

a c c o r d N a t u r e t a k e s w h a t , t o a h a s t y g l a n c e , w o u l d s e e m t o 

b e a n e e d l e s s s t e p . 

H e a l s o l a y s d o w n c e r t a i n a x i o m s , p e r t a i n i n g t o t h e d i s t r i 

b u t i o n o f n e r v e s a n d t h e d i a g n o s t i c v a l u e o f p a i n , w h i c h w i l l 

b e o f t e n r e p e a t e d i n t h e s e l e c t u r e s , a n d c a n n o t b u t b e m o s t 

p r o f i t a b l e t o t h o s e w h o u s e t h e m as a g u i d e . T h e y a r e as 

f o l l o w s : 

"Superficial pains on both sides of the body, which are 

symmetrical, imply an origin or cause, the seat of which is 

central or bilateral; while unilateral pain implies a seat of 

origin ivhich is one-sided, and, as a ride, exists on the same 

side of the body as the pain." 

T h e b e a r i n g s o f t h i s first a x i o m w i l l b e r e n d e r e d f a r m o r e 

a p p a r e n t w h e n t h e r e g i o n s o f t h e n e c k a n d t r u n k a r e c o n 

s i d e r e d , s i n c e t h e s y m p t o m o f local pain i s o f t h e g r e a t e s t 

v a l u e i n c o n n e c t i o n w i t h d i seases a f f e c t i n g t h e b o n e s o f t h e 

s p i n a l c o l u m n a n d t h e s p i n a l c o r d w h i c h t h e y i n v e s t ; b u t t h e 

s a m e r u l e m a y b e a p p l i e d t o a n y o f t h e c r a n i a l n e r v e s , w i t h a 

d e g r e e o f c e r t a i n t y w h i c h s e l d o m a d m i t s o f e r r o r . 

T h u s H i l t o n r e p o r t s a case w h e r e a f r a c t u r e o f t h e base o f 

t h e s k u l l , i n v o l v i n g t h e o r b i t , p r o d u c e d a m a u r o s i s a n d t e n s i o n 

o f t h a t r e g i o n , w i t h e x t r e m e l o c a l p a i n . A g r o o v e d p r o b e , 

i m s s e d a l o n g t h e r o o f o f t h e o r b i t , r e v e a l e d p u s , as w a s sus

p e c t e d t o e x i s t , w h i c h w a s e v a c u a t e d b y t h e s e p a r a t i o n o f t h e 

b l a d e s o f a n o r d i n a r y d r e s s i n g f o r c e p s . 

A s f u r t h e r e x a m p l e s o f t h i s a x i o m , a t o o t h a c h e m a y t h u s 

a c c o m p a n y a n i n f l a m e d c o n d i t i o n o f t h e t e m p o r o - m a x i l l a r y 

a r t i c u l a t i o n , o r i t m a y c r e a t e i t . A g a i n , o p i u m i n t r o d u c e d 

i n t o t h e a u d i t o r y c a n a l w i l l o f t e n i n s t a n t a n e o u s l y r e l i e v e 
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t o o t h a c h e a n d s t i f f n e s s o f t h e j a w s , b y h a v i n g a n a r c o t i c e f f e c t 

u p o n t h e p e r i p h e r a l f i l a m e n t s o f t h e s ame n e r v e s , w h o s e m a i n 

t r u n k s a r e d i s t r i b u t e d t o t h e o t h e r r e g i o n s m e n t i o n e d as r e 

l i e v e d . 

Severe e a r a c h e m a y r e s u l t d i r e c t l y f r o m t h e n e r v o u s i r r i 

t a t i o n o f a d i s e a s e d t o o t h , s ince t h e filaments o f t h e fifth n e r v e 

a r e d i s t r i b u t e d t o b o t h t h e ea r a n d t h e t e e t h , a n d t h u s p a i n 

m a y b e f e l t a t a p o i n t a p p a r e n t l y d i s c o n n e c t e d f r o m t h e seat 

o f i r r i t a t i o n . 

E a r a c h e i s f r e q u e n t l y t h e r e s u l t o f m a l i g n a n t u l c e r a t i o n 

o f t h e t o n g u e , s i nce b o t h r e g i o n s r e c e i v e a p o r t i o n o f t h e i r 

n e r v o u s s u p p l y f r o m t h e fifth c r a n i a l n e r v e . 

T h e s e c o n d a x i o m i s as f o l l o w s : 

" The same trunks of nerves, whose branches supply the 

groups of muscles moving a joint, f u r n i s h also a distribution 

of nerves to the skin over the insertions of the same muscles ; 

and the interior of the joint moved by these muscles receives 

a nerve supply f r o m the same source." 

B y t h i s a x i o m , a p h y s i o l o g i c a l h a r m o n y i s c r e a t e d b e t w e e n 

t he se v a r i o u s c o o p e r a t i n g s t r u c t u r e s . T h u s a n y j o i n t , w m e n 

i n f l a m e d , m a y , b y a r e f l e x a c t t h r o u g h m o t o r b r a n c h e s de 

r i v e d f r o m t h e s ame t r u n k b y w h i c h i t i s i t s e l f s u p p l i e d , c o n 

t r o l t h e m u s c l e s w h i c h m o v e i t , a n d t h u s i n s u r e t h e r e s t a n d 

q u i e t n e c e s s a r y t o i t s o w n r e p a i r . 

S p o t s o f local tenderness i n t h e cutaneous surface m a y , 

f o r t h i s r e a s o n , l i k e w i s e b e o f t e n c o n s i d e r e d as a g u i d e t o a 

s o u r c e o f i r r i t a t i o n o f s o m e o f t h e s t r u c t u r e s s u p p l i e d b y t h e 

s ame n e r v e , v i z . , t h e m u s c l e s u n d e r n e a t h i t , o r t h e j o i n t s 

w h i c h a r e m o v e d b y t h e m ; a n d t h u s e v e n r e m o t e a f f e c t i o n s 

c a n be a c c u r a t e l y d e t e r m i n e d , w h i c h , w e r e t h i s a x i o m n o t 

u s e d as a g u i d e , m i g h t escape r e c o g n i t i o n t i l l a n a d v a n c e d 

s t age o f t h e d isease h a d b e e n r e a c h e d . 

I t i s w e l l , h o w e v e r , t o q u o t e o n e o t h e r a x i o m , l a i d d o w n 

b y t h e s ame a u t h o r , b e f o r e l e a v i n g t h e s u b j e c t o f t h e d i a g 

n o s t i c v a l u e o f t h e c u t a n e o u s n e r v e s as i n d i c a t o r s o f e x i s t i n g 

d isease o f o t h e r o r g a n s , v i z . : 

" Every fascia of the body has a muscle or muscles at-
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tached to i t , and every f a s c i a must be considered as one of 

the points of insertion of the muscles connected to it, i n f o l 

l o w i n g t h e p r e v i o u s a x i o m as t o t h e c u t a n e o u s d i s t r i b u t i o n o f 

n e r v e s . " 

T h i s g u i d e i s e s p e c i a l l y i m p o r t a n t i n case t h e r u l e s h o u l d 

b e a p p l i e d t o t h e e x t r e m i t i e s ( a r m s a n d l e g s ) w h e r e t h e s e fasc iae 

e x t e n d o v e r l a r g e s u r f a c e s , m o r e o r less r e m o t e f r o m , a n d a p 

p a r e n t l y u n c o n n e c t e d w i t h , t h e m u s c l e s a t t a c h e d t o t h e m ; b u t 

i t i s m e n t i o n e d i n t h i s c o n n e c t i o n , f o r t h e s p e c i a l o b j e c t o f 

c a l l i n g y o u r a t t e n t i o n t o t h o s e g e n e r a l r u l e s w h i c h g o v e r n 

t h e d i s t r i b u t i o n o f t h e n e r v e s i n t h e i r e n t i r e t y , b e f o r e p r o c e e d 

i n g t o a p p l y t h e m i n a l l t h e i r i n d i v i d u a l b e a r i n g s . 

W i t h o u t t h i s n e r v o u s a s s o c i a t i o n b e t w e e n t h e m u s c u l a r 

s t r u c t u r e s a n d t h o s e c o m p o s i n g t h e j o i n t s , t h e r e c o u l d b e n o 

i n t i m a t i o n g i v e n b y t h e i n t e r n a l p a r t s o f t h e i r e x h a u s t i o n o r 

f a t i g u e . A g a i n , t h r o u g h t h e m e d i u m o f t h i s s a m e a s s o c i a t i o n 

b e t w e e n t h e s k i n a n d t h e m u s c l e s , g r e a t s e c u r i t y i s g i v e n t o 

t h e j o i n t s , b y t h e m u s c l e s b e i n g m a d e a w a r e o f t h e p o i n t o f 

c o n t a c t o f a n y e x t r a n e o u s f o r c e o r v i o l e n c e . T h e i r i n v o l u n 

t a r y c o n t r a c t i o n i n s t i n c t i v e l y m a k e s t h e t i s s u e s s u r r o u n d i n g 

t h e j o i n t s t e n s e a n d r i g i d , a n d t h i s b r i n g s a b o u t a n i m p r o v e d 

d e f e n s e f o r t h e s u b - a d j a c e n t j o i n t s t r u c t u r e s . 

F r o m t h e c o n c l u s i o n o f h i s g r e a t w o r k , i n w h i c h H i l t o n 1 

e n d e a v o r s t o p r o v e t h a t m e c h a n i c a l r e s t m a y b e u s e d as a 

c u r e f o r m o s t o f t h e s u r g i c a l d i s o r d e r s , t h e f o l l o w i n g sen

t e n c e s a r e q u o t e d , s i n c e t h e y c a n n o t b e t o o o f t e n r e p e a t e d : 

" I h a v e e n d e a v o r e d t o i m p r e s s u p o n y o u t h e f a c t that 

every pain has its distinct and pregnant signification i f we 

will but carefully search f o r it. 

" F r o m t h e p a i n w h i c h f o l l o w s t h e i n t r u s i o n o f a p a r t i c l e 

o f d u s t o n t o t h e c o n j u n c t i v a , a n d t h e c l o s u r e o f t h e e y e l i d 

f o r t h e s e c u r i t y o f r e s t , u p t o t h e m o s t f o r m i d a b l e d i seases 

w h i c h w e h a v e t o t r e a t , p a i n t h e m o n i t o r , a n d r e s t t h e c u r e , 

a r e s t a r t i n g p o i n t s f o r c o n t e m p l a t i o n , w h i c h s h o u l d e v e r b e 

p r e s e n t t o t h e m i n d o f t h e s u r g e o n . " 

L e t u s n o w p a s s t o t h e s p e c i a l c o n s i d e r a t i o n o f t h e b r a i n 
1 Op. tit. 
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and each of the twelve nerves of the cranium, and note the 

m o r e i m p o r t a n t f a c t s p r e s e n t e d b y each , w h i c h m a y t e n d t o 

e l u c i d a t e i t s f u n c t i o n , o r t o e x p l a i n m a n y d i r e c t a n d r e f l e x 

p h e n o m e n a w h i c h a re o f t e n o f g r e a t v a l u e i n t h e d i a g n o s i s o f 

o b s c u r e a f f e c t i o n s . 

L a t e r i n t h e cou r se , w e w i l l c o n s i d e r t h e a n a t o m y o f t h e 

s p i n a l c o r d a n d t h e n e r v e s w h i c h a r i s e f r o m i t , n o t i n g , i n e a c h 

i n s t a n c e , s u c h p o i n t s as t e n d t o e l u c i d a t e t h e f u n c t i o n o f t h e 

p a r t u n d e r c o n s i d e r a t i o n , a n d a l so s u c h clinical f a c t s as c a n 

b e c o n s t a n t l y a p p l i e d i n y o u r d a i l y a s s o c i a t i o n w i t h t h e s i c k , 

w h e n d i f f i c u l t q u e s t i o n s o f d i a g n o s i s a r i se , o r w h e n v a l u a b l e 

s u g g e s t i o n s , as t o t h e m e t h o d s o f t r e a t m e n t e m p l o y e d , s eem 

t o b e t h e d i r e c t o u t g r o w t h o f y o u r a n a t o m i c a l s t u d y . 

S o m e t h r e e y e a r s s ince , m y f r i e n d P r o f e s s o r E . C. S e g u i n 

a d d r e s s e d a class, i n b e g i n n i n g a c o u r s e 1 u p o n a s o m e w h a t 

s i m i l a r s u b j e c t , w i t h w o r d s o f c o u n s e l a n d e a r n e s t p l e a d i n g 

f o r h i g h e r p r o f e s s i o n a l a t t a i n m e n t s , w h i c h a r e w e l l w o r t h y o f 

r e p e t i t i o n . I t h e r e f o r e q u o t e t h e m t o y o u i n t h e s a m e s p i r i t , 

t r u s t i n g t h a t t h e y w i l l k i n d l e i n y o u a r e n e w e d v i g o r a n d en 

t h u s i a s m i n t h i s s p e c i a l d e p a r t m e n t o f sc ience : 

' 6 I n p r a c t i c e , w h e n w e h a v e c o m p l e t e d t h e e x a m i n a t i o n o f 

a p a t i e n t , s e v e r a l q u e s t i o n s a re p u t t o u s b y t h e p a t i e n t , b y 

h i s f r i e n d s , o r b y o u r s e l v e s . T h e s e are , i n c h r o n o l o g i c a l o r d e r : 

I s t h e r e d isease \ W h e r e i s t h e d isease % W h a t i s t h e d isease X 

W h a t a r e w e t o d o f o r t h e c u r e o f t h e d i sease o r f o r t h e r e l i e f 

o f t h e p a t i e n t % W i l l t h e p a t i e n t d i e o r r e c o v e r I 

" O f t he se q u e s t i o n s , t h e o n e w h i c h o u r c l i e n t a n d t h e 

w o r l d a t l a r g e c o n s i d e r t h e m o s t i m p o r t a n t i s t h e f o u r t h — t h a t 

r e l a t i n g t o t r e a t m e n t a n d c u r e . T h i s p r e f e r e n c e i s n a t u r a l , 

b u t h i g h l y u n s c i e n t i f i c ; i t i s a m a n i f e s t a t i o n o f t h a t u n t r a i n e d 

m e n t a l a c t i o n w h i c h d e m a n d s r e s u l t s a n d s co rns m e t h o d s , 

w h i c h welcomes" e m p i r i c a l a c h i e v e m e n t s ( p r o v i d e d t h e y b e 

a g r e e a b l e ) , a n d w h i c h c o n d u c e s t o t h e p e r p e t u a t i o n o f q u a c k 

e r y o f a l l k i n d s . B u t , t o t h e p h y s i c i a n w h o i s n o t a m e r e p r e 

s c r i p t i o n w r i t e r , w h o a i m s a t i n f u s i n g as m u c h sc i ence i n t o 

1 Delivered before the students of the College of Physicians and Surgeons of Xew 
York City, 1878. 
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h i s p r a c t i c e as p o s s i b l e , a n d w h o b e l i e v e s t h a t h e i s n o t i n t h e 

w o r l d f o r t h e p u r p o s e o f g r a t i f y i n g h i s p a t i e n t s a t so m u c h 

p e r v i s i t , b u t t h a t h e o w e s h i m s e l f a d e b t o f t r a i n i n g a n d s e l f -

e u l t u r e , a n d w h o h a s a s i n c e r e r e g a r d f o r s c i e n c e — t o s u c h a 

p h y s i c i a n t h e first t h r e e q u e s t i o n s a s s u m e a j u s t l y g r e a t i m 

p o r t a n c e . P r a y o b s e r v e t h a t I d o n o t s a y p a r a m o u n t i m p o r 

t a n c e , b u t g r e a t i m p o r t a n c e . A n d t h e s u p e r i o r i t y o f t h e h u 

m a n i t a r i a n o v e r t h e s c i e n t i f i c d u t y b e c o m e s less g l a r i n g i f w e 

b e a r i n m i n d t h e t r u t h — a n d I firmly b e l i e v e i t t o b e s u c h — 

t h a t success i n t r e a t m e n t n o w d e p e n d s , a n d i n t h e f u t u r e w i l l 

s t i l l m o r e c l o s e l y d e p e n d , u p o n t h e s c i e n t i f i c s t u d y o f t h e h u 

m a n s u b j e c t i n h e a l t h a n d d i sease . I n o t h e r w o r d s , I w o u l d 

i m p r e s s y o u w i t h m y o w n c o n v i c t i o n t h a t t h e b e s t - t r a i n e d a n d 

m o s t s c i e n t i f i c p h y s i c i a n , i f h e b e n o t a c l o s e t s t u d e n t a n d t h e -

o r i z e r , i s t h e b e s t p r a c t i t i o n e r . 

" W e o c c a s i o n a l l y h e a r o f a n o v e r - f i n e d i a g n o s i s , o f e x 

t r e m e c a u t i o n i n t h e t r e a t m e n t o f d i sease , a n d o f t h e s w e e p i n g 

a p p l i c a t i o n o f p h y s i o l o g i c a l l a w s t o p r a c t i c e b y m e n w h o a r e 

s a i d t o b e ' t o o s c i e n t i f i c ' ; b u t w h o c a n n u m b e r t h e e r r o r s , n a y , 

t h e s a c r i f i c e s o f l i f e , w h i c h m u s t b e l a i d a t t h e d o o r o f t h e 

f a l s e l y s o - c a l l e d ' p r a c t i c a l m e n , ' w h o d e s p i s e l e a r n i n g a n d 

s c i e n t i f i c m e t h o d s ? T h o s e o f u s w h o see s o m e t h i n g o f t h e 

r a r e r a n d m o r e f o r m i d a b l e k i n d s o f d i sease f u l l y r e a l i z e t h a t 

i n m e d i c i n e , as p r o b a b l y i n o t h e r a p p l i c a b l e sc iences , i g n o 

r a n c e l e a d s t o r a s h n e s s a n d c r u d i t y i n p r a c t i c e , w h i l e ripe 

k n o w l e d g e c o n d u c e s t o success , o r , a t a n y r a t e , t o c a u t i o n i n 

p r o g n o s i s a n d e x p e c t a n c y i n t r e a t m e n t . 

" O f t h e t h r e e d i a g n o s t i c q u e s t i o n s — I s t h e r e d i sease? 

W h e r e i s t h e d i sease I W h a t i s t h e d i sease ?—the s e c o n d i s 

t h e o n e w h i c h f o r m s t h e k e y - n o t e o f t h e s e l e c t u r e s . W h e r e 

i s t h e l e s i o n p r o d u c i n g t h e d i s o r d e r e d a c t i o n s o r s y m p t o m s I 

T h e m e t h o d t o b e f o l l o w e d i n a r r i v i n g a t t h e s o l u t i o n o f t h i s 

q u e s t i o n v a r i e s s o m e w h a t i n d i f f e r e n t d e p a r t m e n t s o f m e d i 

c i n e . S o m e l e s i o n s c a n b e s een b y t h e t r a i n e d u n a i d e d e y e , 

o r f e l t b v t h e s k i l l e d h a n d ; t h e sea t o f o t h e r s c a n b e d e t e r -

m i n e d b y a u s c u l t a t i o n a n d p e r c u s s i o n , b y t h e a i d o f i n s t r u 

m e n t s , s u c h as t h e o p h t h a l m o s c o p e , l a r y n g o s c o p e , s p e c u l u m , 
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etc . B u t , i n t h e s t u d y o f t h e n e r v o u s s y s t e m , g r e a t e r d i f f i c u l 

t i e s a r e m e t w i t h ; w e are , t o a g r e a t e x t e n t , d e p r i v e d o f t h e s e 

p h y s i c a l a i d s ; w e c a n n o t a p p r e c i a t e t h e c o n d i t i o n o f t h e 

b r a i n a n d s p i n a l c o r d d i r e c t l y b y o u r s p e c i a l senses, b u t o n l y 

b y a p r o p e r i n t e r p r e t a t i o n o f t h e w a y i n w h i c h t h e f u n c t i o n s 

o f t he se p a r t s a r e p e r f o r m e d . I n o t h e r w o r d s , t h e d i a g n o s i s 

m u s t be m a d e c h i e f l y b y r e a s o n i n g . " 

T o t h e w o r d s a b o v e q u o t e d , I c a n a d d n o t h i n g , save a n 

e a r n e s t e n d e a v o r t o so p l a c e t h e s u b j e c t m a t t e r b e f o r e y o u as 

t o r e n d e r i t w i t h i n t h e g r a s p o f y o u r f u l l c o m p r e h e n s i o n , p r o 

v i d e d y o u , i n t u r n , e a r n e s t l y s eek t o m a s t e r i t . 

> 
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T H E B E A U 

I T i s w i t h a sense o f t h e d i f f i c u l t y o f t h i s t a s k t h a t I e n 

d e a v o r t o se lec t , f r o m a n e n o r m o u s a m o u n t o f e x p e r i m e n t a l 

r e s e a r c h r e g a r d i n g t h e a n a t o m y o f t h e e n c e p h a l o n , o r b r a i n , 

s u c h p o i n t s as s e e m t o b e o f s p e c i a l i n t e r e s t , o r w h i c h m a y 

b e m a d e a b a s i s o f r e a s o n i n g w h e n c i r c u m s t a n c e s a r i s e t h a t 

d e m a n d a n a l y t i c a l i n q u i r y i n t o t h e probable cause o f a n y d i s 

e a s e d c o n d i t i o n w h i c h m a y e x i s t . T h e a n a t o m y o f t h e b r a i n 

i s so c o m p l e x t h a t i t c a n b e t r e a t e d o f t o a d v a n t a g e o n l y b y 

a m i n u t e a n d f u l l y i l l u s t r a t e d d e s c r i p t i o n , s u c h as c a n b e 

f o u n d e i t h e r i n e x h a u s t i v e a n a t o m i c a l w o r k s o r i n t r e a t i s e s 

u p o n t h e s p e c i a l d e s c r i p t i v e a n a t o m y o f t h e n e r v o u s s y s t e m . 

I n a d d i t i o n t o t h i s c a u s e o f i m p e d i m e n t , w e a re , as y e t , i g n o 

r a n t o f t h e e x a c t s t r u c t u r e o f m a n y o f i t s p a r t s , a n d a l s o o f 

t h e a r r a n g e m e n t a n d p h y s i o l o g y o f o t h e r p o r t i o n s . 

T h e b r a i n c o n s i s t s o f a number of ganglia w h i c h a r e c o n 

n e c t e d w i t h e a c h o t h e r , a n d a l so , b y m e a n s o f t h e d i f f e r e n t 

c o l u m n s o f t h e s p i n a l c o r d , w i t h t h e m o t o r a n d s e n s o r y n e r v e s 

o f t h e h e a d , t h e t r u n k , a n d t h e u p p e r a n d l o w e r e x t r e m i t i e s . 

T h e f u n c t i o n s o f s o m e o f t h e s e s e p a r a t e g a n g l i a a r e m o r e o r 

l ess c o m p l e t e l y u n d e r s t o o d ; b u t t h e r e s t i l l e x i s t masses o f 

g r a y s u b s t a n c e s c a t t e r e d t h r o u g h o u t t h e b r a i n , t h e s p e c i a l 

p h y s i o l o g i c a l b e a r i n g s o f w h i c h a r e as y e t o b s c u r e o r c o m 

p l e t e l y u n k n o w n . T h e g r a y m a t t e r o f t h e h e m i s p h e r e s o f t h e 

c e r e b r u m h a s b e e n , a n d s t i l l i s , a s o u r c e o f p e r p l e x i t y t o t h e 

e x p e r i m e n t a l p h y s i o l o g i s t ; a n d w h i l e t h e f a c t seems p r o v e n 

t h a t d i s t i n c t p o r t i o n s o f t h i s l a r g e e x p a n s e o f g r a y m a t t e r 
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h a v e e a c h s o m e s p e c i a l f u n c t i o n , i t i s s t i l l i m p o s s i b l e , as y e t , 

t o s a y p o s i t i v e l y w h a t t h e p r o p e r t i e s o f e a c h l o c a l i t y a r e . 

FIG. 6.—A diagram of the brain in profile. (Modified from Quain.) 
This cerebrum is represented in this diagram as separated from the cerebellum more 

than it naturally should be, in order to show certain important parts. A, the cere
brum ; B, the cerebellum ; C, the pons Varolii; D, the medulla oblongata; E, the 
crus cerebri ; F, the olivary body ; G, the tubercula quadrigemina ; S, the fissure of 
Sylvius ; R, the fissure o f Rolando ; a, peduncles of cerebrum ; b, superior peduncles 
of the cerebellum ; c, middle peduncle of the cerebellum ; d, inferior peduncles of the 
cerebellum.; b, E, a, form the isthmus cncephali. 

I f w e c o n f i n e o u r s e l v e s , t h e n , s t r i c t l y t o t h e l i m i t s o f p o s i 

t i v e i n f o r m a t i o n , w e c a n r e c o g n i z e o n l y t h e f o l l o w i n g p a r t s as 

d i s t i n c t g a n g l i a : 1 1 . T h e g r a y m a t t e r o f t h e c e r e b r a l h e m i 

s p h e r e s ; 2. T h e g r a y m a t t e r o f t h e c e r e b e l l u m ; 3. T h e o l f a c 

t o r y g a n g l i a ; 4 . T h e g r a y m a t t e r o f t h e c o r p o r a s t r i a t a ; 5. 

T h e g r a y m a t t e r o f t h e o p t i c t h a l a m i ; 6. T h e t u b e r c u l a 

q u a d r i g e m i n a ; 7. T h e g r a y m a t t e r o f t h e p o n s V a r o l i i , o r t h e 

t u b e r a n n u l a r e ; 8. T h e g a n g l i o n o f t h e m e d u l l a o b l o n g a t a . 8 

T h e r e a r e o t h e r p a r t s o f t h e e n c e p h a l o n w h i c h h a v e b e e n 

t h e field o f s p e c u l a t i o n a n d i n v e s t i g a t i o n , b u t t h e p o s i t i v e 

k n o w l e d g e g a i n e d h a s b e e n o f a p u r e l y a n a t o m i c a l c h a r a c t e r , 8 

a n d l i t t l e i s y e t k n o w n o f t h e i r p h y s i o l o g i c a l i m p o r t . A s w i l l 
1 See Figs. 6, 7, and 8 of this volume. 
2 Darling and Ranney, "Essentials of Anatomy." G. P. Putnam's Sons: New York 

1880. 
3 See articles by Flechsig, Luschka, Charcot, Lockhart Clarke, Dalton, Spitzka, and 

many others. 
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be m e n t i o n e d i n t h e d e s c r i p t i o n o f t h e deep fibers of origin1 

o f s o m e o f t h e c r a n i a l n e r v e s , t h e a n a t o m i c a l a r r a n g e m e n t 

m a y o f t e n s u g g e s t h y p o t h e s e s w h i c h a r e a t t r a c t i v e , a n d w h i c h 

t e n d t o e x p l a i n t h e o b j e c t w h i c h N a t u r e h a d i n v i e w i n so 

FIR. 7.— Vertical section of the encephalon. (Hirschfeld.) 
1, medulla oblongata; 2, tuber annulare; 3, cerebral peduncle; 4, cerebellum , 5, aque

duct of Sylvius; 6, valve of Vicussens ; 7, tubercula quadrigemina ; 8, pineal gland ; 
9, inferior peduncle ; 10, superior peduncle ; 11, middle portion of the great cerebral 
fissure; 12, optic thalamus ; 13, 13, gray commissure ; 14, choroid plexus; 15, infun-
dibulum ; 16, pituitary body ; 17, tuber cinereum; 18, bulb of the fornix ; 19, ante
rior perforated space ; 20, root of the motor oculi communis; 21, optic nerve; 22, 
anterior commissure of the cerebrum ; 23, foramen of Monro ; 24, section of the for
nix ; 25, septum lucidum ; 26, 27, 28, corpus callosurn ; 29, 30, 31, 32, 33, 34, convo
lutions and sulci of the cerebrum. The olfactory ganglia and corpora striata are not 
shown in this section. 

c o n s t r u c t i n g t h e p a r t ; y e t m a n y o f t h e s e t h e o r i e s d e p e n d 

u p o n w e l l - o b s e r v e d c l i n i c a l f a c t s r a t h e r t h a n u p o n e x p e r i 

m e n t a l r e s e a r c h . 

T h e l i m i t e d s p a c e o f t i m e w h i c h w e c a n d e v o t e t o t h i s 

c o u r s e o f l e c t u r e s w i l l p r e c l u d e t h e i n s e r t i o n o f m u c h t h a t i s 

p u r e l y a n a t o m i c a l , a n d t h u s a f u l l c o m p r e h e n s i o n o f m a n y 

o f t h e p o i n t s m e n t i o n e d m a y b e r e n d e r e d d i f f i c u l t , u n l e s s y o u 

o c c a s i o n a l l y c o n s u l t s o m e o f t h e t e x t - b o o k s u p o n t h a t s u b 

j e c t , i n case a n y o f t h e t e r m s u s e d a r e u n f a m i l i a r . M a n y 

s t a t e m e n t s m a y a l s o a p p e a r s o m e w h a t d o g m a t i c , s i n c e i t w i l l 

1 See Lectures on " Optic, Third, and Fifth Nerves," in particular. 
4 
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n o t be p o s s i b l e t o e n t e r i n t o a l l t h e m e t h o d s o f i n v e s t i g a t i o n 

f r o m w h i c h s o m e o f t h e c o n c l u s i o n s h a v e b e e n d r a w n , o r t o 

q u o t e a u t h o r i t i e s i n s u p p o r t o f e v e r y p r o p o s i t i o n w h e r e t h e r e . 

chances t o b e a c o n f l i c t o f o p i n i o n . 

W E I G H T O F T H E B R A I N A N D O F I T S C O M P O N E N T P A R T S . — 

T h a t t h e s h a p e o f t h e c r a n i u m m a y b e e m p l o y e d t o e s t i m a t e 

t h e r e l a t i v e size o f t h e d i f f e r e n t p a r t s o f t h e e n c e p h a l o n , a n d 

t h a t t h e c i r c u m f e r e n c e o f t h e h e a d a n d t h e h e i g h t o f t h e s k u l l 

a b o v e t h e o r i f i c e o f t h e ea r m a y a l so r e l a t i v e l y i n d i c a t e t h e 

m e a s u r e m e n t s o f t h e c e r e b r u m a n d i t s b a s a l g a n g l i a ( w h i c h 

FIR. 8.—A diagram of brain in transverse vertical section. (After Dalton.) 
1, cms cerebri ; 2, internal capsule ; 3, optic thalamus ; 4, corpus striatum ; C C, corpus 

callosum; L N, lenticular nucleus ; S, fissure of Sylvius ; Fo, gyrus fornicatus; F', 
first frontal convolution; F", second frontal convolution; F'", third frontal convo
lution; T', first temporal convolution; T", second temporal convolution; T'", third 
temporal convolution ; I I , gyrus hippocampi. 

are inclosed within it), have already been pointed out in pre

v i o u s l e c t u r e s w h i c h I h a v e d e l i v e r e d b e f o r e y o u . T h e v a r i a 

t i o n s i n t h e s k u l l s o f t h e d i f f e r e n t n a t i o n s i n d i c a t e a n a m o u n t 

o f b r a i n w h i c h i s i n t h e d i r e c t r a t i o t o t h e f a c i a l a n g l e o f 

C a m p e r . 1 T h e a v e r a g e w e i g h t o f t h e b r a i n o f a h e a l t h y a d u l t 

o f t h e C a u c a s i a n r a c e h a s b e e n g i v e n , b y m o s t o f t h e p r o m i -

1 See article by the author on the " Osteology of the Head," " Medical Record," Octo
ber 16, 1880. 
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n e n t i n v e s t i g a t o r s u p o n t h i s s u b j e c t , as a b o u t fifty ounces i n 

t h e m a l e , a n d s o m e s i x o u n c e s less i n t h e f e m a l e . 1 I n t h e 

n e w - b o r n i n f a n t , t h e w e i g h t o f t h e b r a i n , i n t h e t w o sexes , i s 

m o r e n e a r l y a l i k e , b e i n g i n t h e r e g i o n o f e l e v e n o u n c e s f o r 

1,1, anterior lobe of the cerebrum ; 2, sphenoidal portion of the posterior lobe ; 3, 3, oc
cipital portion of the same lobe; 4, anterior extremity of the median fissure ; 5, pos
terior extremity of the same ; 6, 6, fissure of Sylvius ; 7, anterior perforated space; 
8, tuber cinercum and pituitary body ; 9, corpora albicantia ; 10, interpeduncular 
space (posterior perforated space); 11, crura cerebri; 12, pons Varolii; 13, me
dulla oblongata; 14, anterior pyramids; 15, olivary body; 16, restiform body (only 
partially visible); 17, 17, hemispheres of the cerebellum; 18, fissure separating 
these hemispheres; 19, 19, first and second convolutions of the inferior aspect of 
the frontal lobe with the intervening sulcus; 20, external convolutions of the frontal 
lobe; 21, optic tract; 22, olfactory nerve; 22', section of olfactory nerve, showing 
its triangular prismatic shape : the trunk has been raised t0 3how the sulcus in which 
it is lodged ; 23, ganglion of the olfactory nerve ; 24, optic chiasm ; 25, motor oculi; 
26, pathcticus; 27, trigeminus; 28, abducens ; 29, facial; 30, auditory nerve and 
nerve of VVrisberg; 31, glossopharyngeal; 32, pneumogastric; 3, 3, spinal accessory; 
34, hypo-glossal. 

t h e m a l e c h i l d a n d t e n o u n c e s f o r t h e f e m a l e . T h e r a p i d i t y 

o f g r o w t h o f t h e b r a i n i s n o t u n i f o r m t h r o u g h o u t t h e d i f f e r 

e n t p e r i o d s o f l i f e , s i n c e i t g r o w s r a p i d l y u n t i l t h e age o f 

5 

T4 
15 

FIG. 9.—Inferior aspect of the encephalon. (After Hirschfeld.) 

1 See researches of Reid, Tiedmann, Sims, and Quain. 
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seven y e a r s , t h e n less r a p i d l y u n t i l t h e age o f f o r t y i s 

r e a c h e d , w h e n i t a t t a i n s i t s f u l l d e v e l o p m e n t , a n d a f t e r t h a t 

age i t decreases i n w e i g h t a b o u t o n e o u n c e f o r e v e r y p e r i o d 

o f t e n y e a r s . 

T h e c o m p a r a t i v e w e i g h t s o f t h e c o m p o n e n t p a r t s o f t h e 

e n c e p h a l o n are , i n a p p r o x i m a t e f i g u r e s , a b o u t one fiftieth o f 

t h e e n t i r e w e i g h t f o r t h e p o n s V a r o l i i a n d t h e m e d u l l a o b l o n 

g a t a , t a k e n t o g e t h e r ; one tenth o f t h e e n t i r e w e i g h t f o r t h e 

c e r e b e l l u m ; a n d t h e balance o f t h e t o t a l w e i g h t f o r t h e cere

b r u m a n d t h e b a s a l g a n g l i a i n c l o s e d w i t h i n i t s s u b s t a n c e . 

T h e s e p r o p o r t i o n s a l so s h o w a s l i g h t v a r i a t i o n i n t h e t w o sexes, 

b u t n o t t o so m a r k e d a n e x t e n t as t o r e n d e r t h i s s t a t e m e n t f a r 

f r o m a c o r r e c t one . 

I t m a y be s t a t e d , as a r u l e , t h a t t h e r e l a t i v e p r o p o r t i o n o f 

t h e c e r e b r u m t o t h a t o f t h e c e r e b e l l u m i s g r e a t e r i n t h e i n t e l 

l e c t u a l races ; a n d t h a t t h e c e r e b r u m i s d e v e l o p e d i n i n d i v i d 

u a l s i n p r o p o r t i o n t o t h e i r i n t e l l e c t u a l p o w e r , a l t h o u g h t h e 

a b s o l u t e size m a y n o t b e t a k e n as a g u i d e t o t h e q u a l i t y o f t h e 

m i n d , s ince i t i s u n d o u b t e d l y t r u e t h a t t h e b r a i n c a n b e i m 

p r o v e d , in quality, b y e x e r c i s e , as w e l l as t h e m u s c u l a r t i s s u e . 

T h a t t h e r e a r e i m p o r t a n t i n d i v i d u a l d i f f e r e n c e s i n t h e q u a l i t y 

o f t h e g e n e r a t i n g n e r v o u s m a t t e r i s e v i d e n c e d b y t h e f a c t t h a t 

s o m e s m a l l b r a i n s a c t u a l l y a c c o m p l i s h m o r e a n d b e t t e r w o r k 

t h a n l a r g e r ones , a n d t h a t m a n y w o m e n o f t e n s h o w a h i g h e r 

d e g r e e o f m e n t a l a c u m e n t h a n m e n , i n s p i t e o f t h e f a c t t h a t 

t h e y h a v e b r a i n s w h i c h a r e l i g h t e r i n a v o i r d u p o i s . 

F r o m t h e m o s t c a r e f u l l y p r e p a r e d t a b l e o f t h e w e i g h t o f 

b r a i n s u b s t a n c e possessed b y m e n o f r e n o w n as i n t e l l e c t u a l 

g i a n t s , as w e l l as t h o s e w h i c h r e v e a l e d a n u n u s u a l d e v e l o p 

m e n t o f b r a i n a f t e r d e a t h , c o n t a i n e d i n t h e w o r k o f a p r o m i 

n e n t a u t h o r , 1 t h e f o l l o A v i n g i n t e r e s t i n g f a c t s a r e r e v e a l e d : 

T h e h e a v i e s t b r a i n s 2 o n r e c o r d ( w h e r e t h e s t a t e m e n t s a r e 

t o b e r e l i e d u p o n ) w e r e possessed b y a c o n g e n i t a l i m b e c i l e a n d 

a n i g n o r a n t b r i c k l a y e r , b o t h o f w h o m o u t w e i g h e d C u v i e r a n d 
1 A. Flint, Jr., " Text-Book of Physiology." D. Appleton & Co., New York. 
2 Congenital imbecile, aged thirty, 7(H ounces of brain substance; bricklayer, 67 

ounces; Cuvier, 64;' ounces; Abercrombie, 63 ounces; Webster, 53 | ounces; Agassiz, 
53^ ounces. 
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A b e r c r o m b i e ; w h i l e a b o y o f t h i r t e e n y e a r s o f age h a d five 

o u n c e s m o r e b r a i n t h a n W e b s t e r a n d A g a s s i z . S u c h a t a b l e 

s h o w s t h e u t t e r a b s u r d i t y o f a t t e m p t i n g t o a p p l y t o i n d i v i d u 

a l s t h e r u l e t h a t t h e g r e a t e s t b r a i n p o w e r i s p o s s e s s e d b y t h e 

o n e p o s s e s s i n g t h e g r e a t e s t a m o u n t o f b r a i n s u b s t a n c e . 

FIG. Id.—Convolutions on the internal aspect of the hemispheres. (After Sappey.) 
1, frontal lobe; 2, sphenoidal lobe; 3, 3, convolution of the corpus callosum; 4, 4, convo

lutions forming the middle group of the internal surface; 5, 5, convolutions of the 
anterior group; 6, convolutions of the posterior group ; 7, sulcus separating the mid
dle from the posterior group ; 8, sulcus separating the anterior and the middle group ; 
9, section of the corpus callosum; 10, genu of the corpus callosum; 11, rostrum of 
the corpus callosum; 12, posterior extremity of the corpus callosum; 13, fornix; 
14, section of the fornix; 15, left anterior crus of the fornix, passing into the inter
nal wall of the optic thalamus, to reach the corresponding corpus albicans—course 
indicated by a dotted line; 16, foramen of Monro ; 17, corpus albicans, in which the 
anterior crus of the fornix bends upon itself, in the form of a figure of eight, to be 
lost in the substance of the optic thalamus; 18, septum lueidum; 19, section of the 
choroid plexus; 20, pineal gland ; 21, left superior peduncle of the same; 22, sec
tion of the gray commissure of the third ventricle ; 23, tubercula quadrigemina, above 
which are seen the pineal gland with its inferior peduncle and the posterior com
missure ; 24, section of the anterior commissure ; 25, aqueduct of Sylvius; 26, see-
tion of the valve of Vieussens; 27, fourth ventricle; 28, 28, section of the middle 
lobe of the cerebellum; 29, arbor vita?; 30, corpus cinereum; 31, pituitary body; 
32, optic nerve; 33, pons Varolii; 34, medulla oblongata. 

THE CEREBRUM. 

The cerebrum fills the anterior and the middle fossae of the 

skull, and that portion of the occipital region which lies 
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a b o v e t h e t e n t o r i u m c e r e b e l l i , s ince t h a t m e m b r a n e s u p p o r t s 

i t s p o s t e r i o r p a r t . I t s g r a y m a t t e r i s n o t a l o n e c o n f i n e d t o i t s 

e x t e r i o r s u r f a c e , w h e r e i t c o v e r s a l l o f t h e c o n v o l u t i o n s a n d 

t h e s u l c i b e t w e e n t h e m , b u t i t i s a l so p r e s e n t as t w o d i s t i n c t 

c o l l e c t i o n s , i n t h e r e g i o n o f t h e floor o f t h e b r a i n c a l l e d t h e 

corpora striata, a n d t h e optic thalami. T o t he se l a t t e r c o l 

l e c t i o n s o f g r a y m a t t e r t h e t e r m " basal ganglia " i s a p p l i e d , 

o n a c c o u n t o f t h e i r r e l a t i v e s i t u a t i o n w i t h i n t h e s u b s t a n c e o f 

t h e c e r e b r u m . 

W h i l e i t w i l l e n a b l e y o u t o m o r e c l e a r l y u n d e r s t a n d t h e 

f u n c t i o n s o f t h o s e p a r t s , c o n c e r n i n g w h i c h e x p e r i m e n t o r 

c l i n i c a l o b s e r v a t i o n has g a i n e d p o s i t i v e k n o w l e d g e , b y s t u d y 

i n g e a c h o f t hese b a s a l g a n g l i a a p a r t f r o m t h e c e r e b r u m , s t i l l 

t h e g e n e r a l r e l a t i o n o f t h e c o m p o n e n t p a r t s o f t h e h e m i s p h e r e s 

w i l l h a v e t o b e first m e n t i o n e d , i n o r d e r t o p r o p e r l y a p p r e c i 

a t e t h e b e a r i n g o f f a c t s w h i c h w i l l be d i s c u s s e d l a t e r i n t h i s 

c h a p t e r . 

T h e g r a y m a t t e r w h i c h c o v e r s t h e e x t e r i o r p o r t i o n o f e a c h 

h e m i s p h e r e o f t h e c e r e b r u m i s c o n n e c t e d w i t h w h i t e n e r v e 

fibers, w h i c h m a y b e d i v i d e d i n t o t w o classes ; t h e first o f 

w h i c h c a n be t r a c e d f r o m t h e v a r i o u s p a r t s o f t h e e x t e r i o r o f 

t h e c e r e b r u m t o w a r d t h e b a s a l g a n g l i a , w h i l e t h e s e c o n d c o m 

p r i s e c e r t a i n c u r v e d c o m m i s s u r a l fibers, w h i c h pas s i n t o t h e 

w h i t e s u b s t a n c e f o r a c e r t a i n d e p t h , a n d t h e n r e t u r n t o t h e 

g r a y m a t t e r o f t h e s u r f a c e , t h u s s e r v i n g t o c o n n e c t d i f f e r e n t 

c o n v o l u t i o n s w i t h e a c h o t h e r . T h e first se t m e n t i o n e d a r e 

c a l l e d u converging fibers " s i nce a l l t h e d i f f e r e n t p o i n t s u p o n 

t h e l a r g e e x p a n s e o f s u r f a c e o f t h e c e r e b r u m s e n d fibers w h i c h 

pass t h r o u g h e i t h e r t h e c o r p u s s t r i a t u m o r t h e o p t i c t h a l a m u s 

o f t h e s ame s i d e , 2 a n d t h e y t h u s p r e s e n t a c o n v e r g i n g a p p e a r 

ance , o n a n a p p r o p r i a t e s e c t i o n o f t h e b r a i n b e i n g m a d e . W e 

1 This ganglion, in each hemisphere, consists of two portions, called the " caudate nu
cleus " and the " lenticular nucleus," which are separated from each other by the so-called 
" internal capsule " of the cerebrum. These subdivisions are shown in Fig. 8 of this 
volume. 

2 This statement is only approximately correct, since the internal capsule is probably 
the chief path for these fibers. To what extent the basal ganglia are directly associated 
with the fibers of the cortex is, as yet, an unsolved problem. 
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k n o w , f r o m c l i n i c a l f a c t s a s s o c i a t e d w i t h cases o f c e r e b r a l 

h a e m o r r h a g e a n d c e r e b r a l s o f t e n i n g , t h a t t h e c e r e b r u m m u s t 

r e c e i v e , b y m e a n s o f c e r t a i n o f t h e s e c o n v e r g i n g fibers, sensor 1/ 

impressions f r o m o t h e r p a r t s , as t h e n o r m a l p e r c e p t i o n o f 

e x t e r n a l o b j e c t s i s s o m e t i m e s d e s t r o y e d ; w h i l e w e a l s o k n o w 

t h a t , i n t h e s a m e t y p e o f cases, motor impulses a r e o f t e n de 

s t r o y e d , t h u s p r o v i n g t h a t m o t o r fibers a r e a l s o i n c l u d e d 

a m o n g t h o s e w h i c h p a s s t h r o u g h t h e i n t e r n a l c a p s u l e o r t h e 

b a s a l g a n g l i a . I t h i n k i t c a n be , t h e r e f o r e , s a f e l y s t a t e d t h a t 

t h e a s s o c i a t i o n b e t w e e n t h e g r a y m a t t e r o f t h e c e r e b r u m a n d 

b o t h t h e m o t o r a n d s e n s o r y n e r v e fibers i s c o n s i d e r e d as 

p r o v e n , a l t h o u g h s o m e d o u b t m a y s t i l l e x i s t as t o t h e p r e c i s e 

c o u r s e o f t h e s e fibers. 

FIG. 11.—Diagrammatic representation of the fibers in the cerebrum. (Le Bon.) 

F U N C T I O N S O F T H E C E R E B R U M . — A t t h e p r e s e n t d a y w e 

a r e i n p o s s e s s i o n o f a s u f f i c i e n t n u m b e r o f f a c t s , d e r i v e d f r o m 
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c l i n i c a l o b s e r v a t i o n , p a t h o l o g i c a l r e s e a r c h , a n d e x p e r i m e n t a l 

i n v e s t i g a t i o n , t o r e n d e r i t c e r t a i n t h a t n o i n t e l l i g e n c e c a n e x 

i s t w i t h o u t b r a i n s u b s t a n c e ; t h a t t h e d e s t r u c t i o n o f b r a i n 

s u b s t a n c e i m p a i r s i n t e l l e c t u a l p o w e r ; a n d t h a t t h e n o r m a l 

use o f t h e b r a i n i m p l i e s a d e g e n e r a t i o n o f i t s s u b s t a n c e a n d 

a c o n s t a n t p roces s o f r e g e n e r a t i o n , as e x i s t s i n a l l t i s s u e s . 

I t w a s f o r m e r l y s u p p o s e d t h a t t h e c e r e b r u m w a s d e s t i t u t e 

o f b o t h s e n s a t i o n a n d i r r i t a b i l i t y , s i nce e x p e r i m e n t s s e e m e d t o 

s h o w t h a t n o p a i n w a s e x p e r i e n c e d b y r e m o v a l o f p o r t i o n s o f 

t h e h e m i s p h e r e s , n o r c o n v u l s i v e m o v e m e n t s p r o d u c e d b y d i r e c t 

s t i m u l a t i o n o f e i t h e r t h e w h i t e o r g r a y m a t t e r . I t h a s t h e r e 

f o r e b e e n c l a i m e d t h a t t h e h e m i s p h e r e s c o u l d b e c a l l e d i n t o 

a c t i o n o n l y i n r e s p o n s e t o a s e n s o r y i m p r e s s i o n t r a n s m i t t e d t o 

i t s c e l l s t h r o u g h s e n s o r y n e r v e s , a n d t h a t i t w a s i n c a p a b l e o f 

t r a n s m i t t i n g o r a p p r e c i a t i n g a r t i f i c i a l f o r m s o f s t i m u l a t i o n . 

I n 1870, h o w e v e r , F r i t s c h 1 a n d H i t z i g 2 d i s c o v e r e d t h a t c e r t a i n 

p a r t s o f t h e g r a y m a t t e r o f t h e h e m i s p h e r e s o f t h e b r a i n o f a 

d o g r e s p o n d e d t o a w e a k g a l v a n i c c u r r e n t , a n d t h e s e i n v e s t i 

g a t o r s w e r e t h u s e n a b l e d t o l o c a t e c e n t e r s w h e r e c e r t a i n w e l l -

d e f i n e d m o v e m e n t s c o u l d be p r o d u c e d a t w i l l . T h e s e e x p e r i 

m e n t e r s f o u n d (1) t h a t t h e .centers of motion w e r e a l w a y s 

c o n f i n e d t o t h e anterior parts o f t h e h e m i s p h e r e ; (2 ) , t h a t 

t h e a c t i o n o n m u s c l e s w a s a crossed action,3 i . e., o n t h e s i d e 

o p p o s i t e t o t h e s t i m u l a t i o n ; a n d (3 ) , t h a t , a f t e r severe haemor 

r h a g e , t h e e x c i t a b i l i t y o f t h e g r a y m a t t e r d i s a p p e a r e d , t h u s 

p o s s i b l y a c c o u n t i n g f o r t h e n e g a t i v e r e s u l t s o f p r e v i o u s e x 

p e r i m e n t e r s i n t h e s ame l i n e . 

T h e centers of motion d i s c o v e r e d b y t h e s e e x p e r i m e n t s 

s e e m e d t o b e c o n n e c t e d w i t h p a r t s w h i c h w e r e w i d e l y sepa

r a t e d , a n d a r r a n g e d w i t h l i t t l e a p p a r e n t s y s t e m ; t h u s t h e 

m u s c l e s o f t h e n e c k w e r e f o u n d t o r e s p o n d t o g a l v a n i s m o f a 

c e n t e r i n t h e m i d d l e o f t h e f r o n t a l c o n v o l u t i o n , w h i l e t h e c e n -

1 Reichardt u. dii Bois-Raymond's " Arehiv," 1870. 
2 Hitzig, "Das Gehirn," 1874. 
3 Brown-Soquard lias shown that, in exceptional cases, this law may be not sustained 

by clinical facts. " Lancet," 1876. The anatomical researches of Flechsig, however, tend 
to explain the exceptions to the general rule (sec pages of this volume referring to the 
fibers of the medulla oblongala). 
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t e r a d j o i n i n g i t c a u s e d a r e s p o n s e i n t h e e x t e n s o r a n d a b d u c 

t o r m u s c l e s o f t h e f o r e - l e g , a n d o t h e r s i n m o v e m e n t s o f t h e 

e y e a n d f a c e . F e r r i e r 1 h a s o f l a t e r e p e a t e d a n d c o n f i r m e d 

t h e e x p e r i m e n t s o f t h e s e G e r m a n i n v e s t i g a t o r s . 5 

T h e e f f e c t s o f r e m o v a l o f t h e c e r e b r a l h e m i s p h e r e s o f a n i 

m a l s h a v e b e e n s t u d i e d l a r g e l y u p o n b i r d s a n d t h e m o n k e y 

t r i b e , a n d w i t h r e s u l t s w h i c h a r e c o m p a r a t i v e l y u n i f o r m . 

W i t h o u t e n t e r i n g i n t o d e t a i l as t o a l l t h e e f f e c t s w h i c h f o l l o w 

s u c h a p r o c e d u r e , i n case t h e b a s a l g a n g l i a a r e l e f t i n t a c t , t h e 

g e n e r a l r e s u l t m a y b e g i v e n as f o l l o w s : T h e a n i m a l s eems t o 

b e a b l e t o e x e c u t e a l l t h e m o v e m e n t s n a t u r a l t o i t , e v e n w h e n 

c o m p l e x c o o r d i n a t i o n o f m o v e m e n t i s r e q u i r e d ; b u t t h e intel

ligence s eems t o b e i m p a i r e d , a n d s o m e u n u s u a l s t i m u l u s m u s t 

b e p r e s e n t t o p r o m p t a n y a t t e m p t s a t m o t i o n . A s a r e s u l t o f 

t h i s c o n c l u s i o n , t h e mechanism of coordination o f m o v e m e n t 

i s e v i d e n t l y n o t s i t u a t e d i n t h e c e r e b r a l h e m i s p h e r e s . 

F l o u r e n s , 3 f r o m a se r ies o f e x p e r i m e n t s m a d e i n 1822 a n d 

1823, c o n c l u d e d t h a t t h e r e m o v a l o f t h e c e r e b r u m e n t a i l e d a n 

e n t i r e l o s s o f w i l l p o w e r a n d a l s o o f t h e p e r c e p t i v e f a c u l t y , 

a n d t h a t t h e m e m o r y w a s u t t e r l y d e s t r o y e d . B o u i l l a u d , 4 i n 

1826, p r o v e d t h e e r r o r o f F l o u r e n s as r e g a r d s t h e p e r c e p t i v e 

f a c u l t i e s , as sight a n d hearing w e r e s h o w n t o b e u n a f f e c t e d ; 

a n d t h e s e r e s u l t s w e r e s t i l l f u r t h e r m a d e m a n i f e s t b y t h e r e 

s ea r ches o f L o n g e t , 5 w h o p r o v e d a l s o t h a t taste r e m a i n e d . 

A c a r e f u l s t u d y o f t h e p h e n o m e n a w h i c h a c c o m p a n y ce r 

t a i n p a t h o l o g i c a l l e s i o n s o f t h e b r a i n i n t h e h u m a n s u b j e c t , 

s u c h as l a c e r a t i o n o r p r e s s u r e f r o m t h e e f f u s i o n o f b l o o d , s o f t 

e n i n g o f t h e c e r e b r a l s u b s t a n c e , e t c . , i f t a k e n i n c o n n e c t i o n 

w i t h t h e r e s u l t s o f e x p e r i m e n t s u p o n l i v i n g a n i m a l s , t h r o w s 

c o n s i d e r a b l e l i g h t u p o n t h e f u n c t i o n s o f c e r t a i n d i s t i n c t p o r 

t i o n s o f t h e e n c e p h a l o n . 

1 "West Riding Reports," 1873 ; " Functions of the Brain," 1876. 
2 A large number of distinct centers of motion are mapped out by this author on a 

diagrammatic chart. The reader is referred to Fig. 15 of this volume. 
3 " Recherches experimentales sur les proprietes et les fonctions du systemc nerveux," 

Paris, 1842. 
4 " Recherches experimentales sur les fonctions du cerveau." 
6 " Anatomic et physiologic du systeme nerveux," Paris, 1842. 
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Hcemorrhage within the brain substance m o s t c o m m o n l y 

a f f e c t s t h e corpus striatum o r t h e optic thalamus ; a n d i t i s 

n o w c o n s i d e r e d p r o b a b l e t h a t , w h e n t h e f o r m e r g a n g l i o n i s 

p r e s s e d u p o n , p a r a l y s i s o f motion, l i m i t e d t o t h e s i d e o f t h e 

b o d y o p p o s i t e t o t h e l e s i o n , i s p r e s e n t , w h i l e , i f t h e l a t t e r 

g a n g l i o n i s p r e s s e d u p o n o r d e s t r o y e d , t h e sensation o f t h e 

s i d e o f t h e b o d y o p p o s i t e t o t h e l e s i o n i s p r o p o r t i o n a l l y 

i m p a i r e d . 1 T h e s e f a c t s i l l u s t r a t e t h e g e n e r a l c o u r s e o f b o t h 

t h e m o t o r a n d s e n s o r y f i b e r s t h r o u g h t h e c e r e b r u m , a n d t h e i r 

r e l a t i o n t o t h e b a s a l g a n g l i a o r t h e i n t e r n a l c a p s u l e . 

I n t h o s e e x c e p t i o n a l cases o f h e m o r r h a g e w h e r e t h e w h i t e 

o r t h e g r a y s u b s t a n c e o f t h e c e r e b r a l h e m i s p h e r e s i s a l o n e 

i n v o l v e d , w i t h o u t a n y p r e s s u r e b e i n g e x e r t e d u p o n t h e b a s a l 

g a n g l i a o r t h e i n t e r n a l c a p s u l e , no paralysis o f e i t h e r m o t i o n 

o r s e n s a t i o n i s u s u a l l y p r o d u c e d , a l t h o u g h a c e r t a i n a m o u n t 

o f w e a k n e s s m a y o f t e n b e p e r c e i v e d i n t h e m u s c l e s o f t h e 

s i d e o f t h e b o d y o p p o s i t e t o t h e sea t o f t h e h a e m o r r h a g e . 

Softening of the cerebral hemispheres a n d t h e d e g e n e r a 

t i v e c h a n g e s w h i c h o f t e n f o l l o w a n e x t r a v a s a t i o n o f b l o o d 

i n t o t h e i r s u b s t a n c e a r e g e n e r a l l y i n d i c a t e d b y a l t e r a t i o n s i n 

t h e i n t e l l e c t u a l c o n d i t i o n o f t h e p a t i e n t , t h u s c o n f i r m i n g t h e 

p h y s i o l o g i c a l e x p e r i m e n t s u p o n t h e h e m i s p h e r e s . A m o n g 

t h e m a n y f o r m s i n w h i c h t h i s i m p a i r m e n t o f i n t e l l e c t m a y 

b e m a n i f e s t e d a r e r e c o g n i z e d a n i m p a i r m e n t o f m e m o r y ; a 

t a r d y , i n a c c u r a t e , a n d f e e b l e c o n n e c t i o n o f i d e a s ; a n i r r i t a b i l i 

t y o f t e m p e r , w i t h a c h i l d i s h s u s c e p t i b i l i t y t o p e t t y o r i m a g i 

n a r y a n n o y a n c e s ; e a s i l y e x c i t e d e m o t i o n a l m a n i f e s t a t i o n s ; 

a n d a v a r i e t y o f p h e n o m e n a d e n o t i n g a b n o r m a l l y f e e b l e i n 

t e l l e c t u a l p o w e r . 2 

H u g h l i n g s - J a c k s o n 3 h a s s h o w n t h a t t h e r e i s c l e a r e v i d e n c e 

t o p r o v e t h a t d isease o f t h e g r a y m a t t e r o f t h e c o n v o l u t i o n s o f 

t h e h e m i s p h e r e s o f t h e c e r e b r u m m a y n o t o n l y p r o d u c e de

lirium, as i n m e n i n g i t i s , b u t s o m e t i m e s convulsions, e i t h e r o f 

1 This effect on sensation and motion is explained by some authors as the result 
of pressure upon the fibers of the internal capsule, and not the fibers or the basal 
ganglia. 

2 A. Flint, Jr., op. cit. 
3 " London Hosp. Reports," 18G4 ; " Clin, and Phys. Researches," 1873. 
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a n e p i l e p t i f o r m c h a r a c t e r o r c o n f i n e d t o p a r t i c u l a r g r o u p s o f 

m u s c l e s . 

L a n d o i s 1 a n d H i t z i g " b o t h a n n o u n c e d t h e f a c t t h a t , w h e n 

t h e m o t o r a r ea s u p o n t h e c o n v e x s u r f a c e oi t h e c e r e b r u m . 

R 

FIG. 12.—J diagrammatic'figure, showing the cerebrcd convolutions. (After Dalton.) 
S, Fissure of Sylvius, with its two branches a and b, b, b ; R, fissure of Rolando; P, pa

rietooccipital fissure; 1, 1, 1, the first or superior frontal convolution; 2, 2, 2, 2, 
the second or middle frontal convolution ; 3, 3, 3, the third frontal convolution, 
curving around the ascending limb of the fissure of Sylvius [center ofi speech); 4, 4, 4, 
ascending frontal (anterior central) convolution ; 5, 5, 5, ascending parietal (pos
terior central) convolution; 6, 6, 6, supra-Sylvian convolution (parietal lobule), 
which is continuous with 7, 7, 7, the first or superior temporal convolution ; 8, 8, 8, 
the angular convolution (or gyrus), the probable center of vision, which becomes 
continuous with 9, 9, 9, the middle temporal convolution; 10, the third or in
ferior temporal convolution ; 11, 11, the superior parietal (supra-marginal) convo
lution; 12, 12, 12, the superior, middle, and inferior occipital convolutions (called 
also the first, second, and third). I t is to be remembered that the term "gyrus " is 
synonymous with convolution," and that both terms are often interchanged. This 
cut may well be compared with that of Ferrier, which appears in the general sum
mary of the clinical points of the brain. 

which control the movements of the extremities, are excised, 

a rise in the temperature of the corresponding limbs takes 

1 Virchow's " Archiv," 1876. 
5 As quoted by Foster. 
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p l a c e a n d l a s t s f o r s o m e m o n t h s . A r e l a t i o n s h i p has , m o r e 

ove r , b e e n o b s e r v e d b e t w e e n t h e b r a i n c o r t e x a n d t h e b e a t o f 

t h e h e a r t ( B a l o g h ' ) ; a n a l t e r a t i o n i n t h e a r t e r i a l p r e s s u r e 

( B o c h e f o n t a i n e 2 ) ; c o n t r a c t i o n o f t h e b l a d d e r , s p l e e n , a n d 

u t e r u s ; a n i n c r e a s e i n t h e n o w o f t h e s a l i v a ; a n d a d i l a t i n g 

e f f e c t u p o n t h e p u p i l . T h e e x a c t l o c a l i z a t i o n o f s o m e o f t he se 

l a t t e r c e n t e r s c a n n o t , as y e t , be c o n s i d e r e d as p o s i t i v e . 

S t i m u l a t i o n o f t h e c e r e b r a l s u r f a c e h a s b e e n o b s e r v e d t o 

r e s u l t i n a w e l l - m a r k e d haemorrhage of the lungs b y N o t h -

n a g e l . 3 

F e r r i e r 4 d e s c r i b e s a "visual" c en t e r , t h e d e s t r u c t i o n o f 

w h i c h c rea tes b l i n d n e s s o f t h e o p p o s i t e e y e ; a n " auditory" 

c e n t e r ; a " tactile'' c e n t e r ; c e n t e r s f o r smell a n d taste; a n d 

e v e n a c e n t e r f o r t h e sensation of hunger. 

T h e c e n t e r o f articulate speech i s p e r h a p s o n e o f t h e m o s t 

d e f i n i t e l y s e t t l e d p o i n t s i n c e r e b r a l l o c a l i z a t i o n ; a n d t h i s i s 

a l l t h e m o r e i n t e r e s t i n g , s ince t h i s i s t h e o n l y s h a r p l y d e n n e d 

f a c u l t y w h i c h has , as y e t , b e e n d e f i n i t e l y l o c a l i z e d . 5 T h e r e 

a re t w o f o r m s o f a p h a s i a , w h i c h a r e c l i n i c a l l y r e c o g n i z e d , v i z . , 

t h e amnesic a n d t h e ataxic v a r i e t i e s . I n t h e f o r m e r , t h e 

memory of ivords i s u t t e r l y l o s t , so t h a t t h e p a t i e n t i s n o t 

o n l y u n a b l e t o e x p r e s s h i s i d e a s i n a r t i c u l a t e s o u n d s , b u t h e i s 

a l so u n a b l e t o w r i t e t h e m , t h u s s h o w i n g t h a t t h e w o r d s t h e m 

selves h a v e b e e n f o r g o t t e n . I n t h e a t a x i c v a r i e t y , h o w e v e r , 

t h e m e m o r y o f w o r d s s t i l l r e m a i n s , b u t t h e a b i l i t y t o so coordi

nate the muscles of articulation as t o p r o n o u n c e t h e w o r d s i s 

i m p a i r e d , so t h a t t h e p e r s o n so a f f l i c t e d c a n w r i t e h i s i d e a s 

i n t e l l i g e n t l y , b u t c a n n o t u t t e r t h e m . I n e i t h e r o f t h e s e c o n 

d i t i o n s , t h e d isease w h i c h causes i t m u s t a f f e c t t h e c e n t e r o f 

t h e m u s c l e s o f a r t i c u l a t e s p e e c h o r t h e c e n t e r o f a r t i c u l a t e 

s p e e c h i t s e l f . I t i s n o t t o be c o n f o u n d e d , h o w e v e r , w i t h 

o t h e r diseases w h e r e t h e a b i l i t y t o t a l k i s a p p a r e n t l y ab sen t , 

s u c h as o c c u r s i n t h e i n s a n e ( w h o o f t e n r e f u s e t o c o n v e r s e 

f r o m m e r e o b s t i n a c y ) , i n t h o s e t y p e s o f p a r a l y s i s w h i c h a f f e c t 

1 Hofmann unci Sehwalbe's " Berieht,' 1876. - "Archives de Physiol.," 1876. 
3 "Obi. med. Wiss.," 1874, 4 Op. cit. 
5 Some late authors refuse their concurrence with this statement, as several cases have 

been reported which tend to justify a doubt as to its accuracy. 
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t h e e n t i r e m u s c u l a r m e c h a n i s m a s s o c i a t e d w i t h a r t i c u l a t i o n , 

i n h y s t e r i a , c h o r e a , a n d n e r v o u s a f f e c t i o n s , a n d i n t h e a p h o 

n i a o f l a r y n g e a l i n f l a m m a t i o n o r p a r a l y s i s . 

T h e c r e d i t o f t h e g r e a t d i s c o v e r y t h a t t h e c e n t e r o f a r t i c u 

l a t e s p e e c h c o u l d b e l o c a l i z e d i n t h e third convolution o f t h e 

l e f t anterior lobe o f t h e c e r e b r u m i s g e n e r a l l y a w a r d e d t o 

FIG. 13.—Structure of the convolutions. (After Baillarger.) 
1, the six alternate gray and white layers in the cortical substance of the convolutions; 

2, enlarged section of a convolution—the left half is seen by reflected light—layers 
arranged as in the preceding figure—in the right half, seen by transmitted light, the 
medullary layers are rendered dark by their opacity—the layers of gray substance, on 
the other hand, which are translucent, are represented in white; 3, section of a con
volution showing the unequal thickness of the white layers—at first sight only three 
layers can be distinguished, two gray and an intervening white layer—more attentive 
examination shows six layers, the superficial and deep white layers being, however, 
very narrow; 4, section of a convolution showing the three layers of gray matter 
observed by Vicq d'Azyr in the occipital lobe; 5, tendency to radiation shown by the 
white fibers in the gray matter of the convolutions; 6, section of a cerebral convolu
tion in a newly born infant, seen by reflected light—it presents an homogeneous 
appearance; 7, same section seen by transmitted light—presents the same stratifica
tion and tendency to radiation which are observed in the adult. 

Broca.1 Some twenty-five years before he made the profession 

alive to the investigation of the subject, however, the same 

impairment or loss of speech was shown to be a frequent 

accompaniment of hemiplegia of the right side of the body by 

Bouillaud and Marc Dax2; and in 1863, or thereabout, the 

1 Broca, "Bui. de la Soc. Anat.,'' 1861. 
5 A paper read before the Medical Congress at Montpellier in 1836. 
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v i e w s o f B r o c a a n d o f H u g h l i n g s - J a c k s o n 1 w e r e g i v e n t o t h e 

p r o f e s s i o n , i n w h i c h t h e y b o t h l i m i t e d t h e l e s i o n o f a p h a s i a 

t o t h e p a r t s s u p p l i e d b y t h e l e f t m i d d l e c e r e b r a l a r t e r y . I n 

1863, t h e i n v e s t i g a t i o n s a l so o f t h e s o n o f M a r c D a x 2 l o c a t e d 

t h e l e s i o n s o m e w h e r e i n t h e a n t e r i o r o r m i d d l e p o r t i o n o f t h e 

frontal lobe o f t h e l e f t s ide , a n d t h e r e s u l t s o f s t i l l m o r e 

r e c e n t i n v e s t i g a t i o n s u p o n t h e s u b j e c t seem t o p o i n t t o t h e 

' ' i s l a n d o f R e i l ' ' as t h e m o s t f r e q u e n t seat o f t h i s p e c u l i a r 

t y p e o f p a r a l y s i s . 

V i e w i n g t h e f a c t t h a t a r t i c u l a t e s p e e c h i s a t h i n g l e a r n e d 

b y use, i t h a s b e e n s u g g e s t e d t h a t , i n m o s t p e r s o n s , o n e s i d e 

o f t h e b r a i n o n l y has b e e n e d u c a t e d f o r t h a t p u r p o s e ; t h a t 

w e a re , i n f a c t , left-brained i n r e s p e c t t o s p e e c h i n t h e same 

w a y t h a t w e a re r i g h t - h a n d e d i n r e s p e c t t o m a n y b o d i l y 

m o v e m e n t s . 8 I n s u p p o r t o f t h i s t h e o r y t h e p a t h o l o g i c a l 

f a c t i s a d d u c e d t h a t , i n m o s t p e o p l e , t h e l e f t h e m i s p h e r e 

o f t h e c e r e b r u m i s l a r g e r a n d m o r e c o n v o l u t e d t h a n t h e 

r i g h t . 

W h i l e i t i s d e m o n s t r a t e d t h a t t h e c e r e b r a l l e s i o n i n a p h a 

s i a i n v o l v e s , i n t h e g r e a t m a j o r i t y o f cases, t h e l e f t s i d e , s t i l l 

t h e r e h a v e b e e n s e v e r a l cases r e c o r d e d w h e r e t h e r i g h t s i de 

h a s b e e n s h o w n t o h a v e b e e n t h e seat o f d i sease . 4 S u c h d i s 

c o v e r i e s t e n d t o cas t a d o u b t u p o n t h e l e f t s i d e b e i n g m o r e 

c l o s e l y c o n n e c t e d w i t h t h e p o w e r o f a r t i c u l a t e s p e e c h t h a n t h e 

r i g h t s ide , a n d s o m e a n a t o m i s t s h a v e e n d e a v o r e d t o e x p l a i n 

t h e f r e q u e n c y o f t h e l e s i o n u p o n t h e l e f t s i d e o f t h e b r a i n as 

a r e s u l t o f t h e f a c t t h a t e m b o l i ( w h i c h a r e t h e m o s t f r e q u e n t 

cause o f t h e d i s t u r b a n c e t o t h o s e p a r t s s u p p l i e d b y t h e m i d d l e 

c e r e b r a l a r t e r y ) f i n d a m u c h m o r e direct course upward u p o n 

t h e l e f t s i d e t h a n u p o n t h e r i g h t , i n c o n s e q u e n c e o f t h e a n g l e 

a t w h i c h t h e i n n o m i n a t e a r t e r y l eaves t h e a r c h o f t h e a o r t a , 

w h i c h f a v o r s t h e passage o f a n e m b o l u s by r a t h e r t h a n into 

i t s m o u t h ; w h i l e t h e l e f t c a r o t i d a r t e r y i s s i t u a t e d a t t h e 

1 Hughlings-Jackson, " Clinical and Physiological Researches on the Nervous Sys
tem." 

2 M. G. Dax, as quoted by Dodds and A. Flint, Jr. 
3 Mich. Foster, op. cit.; Ferrier, " Functions of the Brain." 
4 Boyd, Broadbent, Bateman, Meissner, Bertin. 
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h i g h e s t p a r t o f t h e a r c h , a n d i t s m o u t h i s so d i r e c t e d as t o 

a r r e s t r a t h e r t h a n a v o i d a n y floating p a r t i c l e s i n t h e b l o o d 

c u r r e n t . I n case o f s u c h m o v a b l e p a r t i c l e s b e i n g a r r e s t e d 

e i t h e r b y t h e i n n o m i n a t e o r l e f t c a r o t i d a r t e r i e s , t h e m o s t 

d i r e c t c o u r s e i n b o t h i n s t a n c e s w i l l b e t o w a r d t h e m i d d l e ce re 

b r a l a r t e r i e s , a n d t h u s a p h a s i a w i l l g e n e r a l l y b e p r o d u c e d 

w i t h h e m i p l e g i a u p o n t h e s i d e o p p o s i t e t o t h a t w h e r e t h e 

e m b o l u s m a y b e f o u n d . 

T H E F R O N T A L L O B E S . — T h e r e a r e i n n u m e r a b l e cases o n 

r e c o r d w h e r e t h e f r o n t a l l o b e s o f t h e c e r e b r u m h a v e s u f f e r e d 

M " 
MEDULLA 

FIG. 14.—Diagram of the course of sensory and motor tracts in the meso-cephalon and 
hemispheres. (After Seguin.) 

S, sensory tract in posterior region of meso-cephalon, extending to 0 and T, occipital 
and temporal lobes of hemispheres ; M, motor tract in basis cruris, extending to P 
and F, parietal and (part of) frontal lobes of hemispheres; C, Q, corpus quadrigemi-
num; 0, T, optic thalamus; N, L, nucleus lenticularis; N, C, nucleus caudatus ; 1, 
the fibers forming the " tegmentum cruris" (Meynert); 2, the fibers forming the 
" basis cruris " (Meynert). 

f r i g h t f u l l a c e r a t i o n s a n d l o s s o f s u b s t a n c e , a n d y e t r e c o v e r y 

h a s t a k e n p l a c e ; a n d w h e r e d i sease o f a n e x t e n s i v e c h a r a c t e r 

h a s a l s o p r o d u c e d n e g a t i v e r e s u l t s , b o t h as r e g a r d s m o t i o n a n d 

s e n s a t i o n . 
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A c r o w b a r has b e e n s h o t t h r o u g h t h e h e a d , a n d r e c o v e r y 

f o l l o w e d . 1 A g a i n , B o u i l l a u d 2 r e p o r t s t h e passage o f a b u l l e t 

t h r o u g h t h e f r o n t a l l obes w i t h a l i k e r e s u l t , a n d w i t h n o e f f e c t 

u p o n s e n s a t i o n o r m o t i o n . Cases, s o m e w h a t s i m i l a r , a r e r e 

c o r d e d b y T r o u s s e a u , 3 C o n g r e v e , S e l w y n , 4 P i t r e s , 6 M o r g a g n i , 

M a r o t , 6 T a v i g n o t , a n d o t h e r s , a l l o f w h i c h g o t o p r o v e t h e pos 

s i b i l i t y o f t h e m o s t s e r i o u s i n j u r y t o t h i s p o r t i o n o f t h e cere

b r u m w i t h o u t s y m p t o m s i n d i c a t i v e o f i t s p r e sence . O n t h e 

o t h e r h a n d , n u m e r o u s cases o f h a e m o r r h a g e a n d o f abscess 

w i t h i n t h e f r o n t a l l obes , as r e p o r t e d b y A n d r a l , 7 H e r t z , R e e d , 

B e g b i e , a n d o t h e r s ( q u o t e d b y C h a r c o t a n d F e r r i e r ) , s h o w t h e 

s ame absence of positive diagnostic symptoms e i t h e r i n sen

s o r y o r m o t o r p a r a l y s i s . 

F r o m s u c h sources o f c l i n i c a l r e a s o n i n g , as w e l l as f r o m t h e 

p h y s i o l o g i c a l d e d u c t i o n s w h i c h e x p e r i m e n t s u p o n a n i m a l s 

h a v e t a u g h t , t h e f o l l o w i n g c o n c l u s i o n o f F e r r i e r 6 i s o f v a l u e t o 

t h e r e a d e r : ' ' W i t h s u c h e v i d e n c e b e f o r e us , w e c a n n o t r e g a r d 

cases, i n w h i c h , w i t h l e s i o n s o f t h e p r e f r o n t a l l o b e s , s e n s a t i o n 

o r m o t i o n has b e e n a f f e c t e d , as o t h e r t h a n cases of coexistence 

o r o f multiple lesions, w h e t h e r o r g a n i c o r f u n c t i o n a l . " 

THE MOTOR REGIONS OF THE CEREBRUM.9 

It may now be positively stated that the bases of the three 

frontal convolutions, t h e convolutions w h i c h b o u n d t h e fis-

1 Bigelow, "Am. Jour, of Med. Sciences," July, 1850; Harlow, "Recovery from the 
Passage of an Iron Bar through the Head " ; " Reports of Mass. Med. Soc," Boston, 1869. 

2 Op. cit. 
3 Quoted by Peter and Ferrier. 
4 London "Lancet," 183S. 
5 " Lesions du Centre Ovale," 1877. 
6 "Prog. Med.," February and June, 1876. 
1 " Clinique Medicalc." 
8 "Localization of Cerebral Disease," New York, 1880. 
9 Microscopic anatomy shows that the so-called motor gyri are rich in large cells; 

that they alone contain the "giant cells" of Betz (" Centralblatt," Nos. 37, 38), viz., 
ganglion cells, which in size and number of processes bear a remarkable resemblance to 
the unquestionably motor ganglion cells of the anterior horns of the spinal cord and the 
medulla oblongata. In the motor convolutions these giant cells are found in little clus
ters of three, five, or more, in a section, imbedded among the large ganglion cells of the 
third layer. 
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sure of Rolando, a n d t h e para-central lobule, u p o n t h e i n t e r 

n a l s u r f a c e o f e a c h h e m i s p h e r e o f t h e c e r e b r u m , a r e d i s t i n c t l y 

motor i n t h e i r f u n c t i o n . T h e d i s t r i b u t i o n o f t h e m i d d l e ce re 

b r a l a r t e r y t o t h i s r e g i o n g i v e s t o t h a t v e s s e l a n i m p o r t a n c e 

n o t b e f o r e a p p r e c i a t e d ; s i n c e i t i s n o w k n o w n t h a t t h e f o u r 

o r five b r a n c h e s w h i c h a r e g i v e n o f f f r o m t h e m a i n a r t e r y 

e a c h n o u r i s h a s e p a r a t e a r e a o f b r a i n s u b s t a n c e , a n d t h a t 

e m b o l i m a y o b s t r u c t e i t h e r t h e t r u n k o r s o m e o f i t s i n 

d i v i d u a l b r a n c h e s . I t i s t h u s p o s s i b l e t o e x p l a i n h o w t h e 

b a s a l g a n g l i a m a y s t i l l p e r f o r m t h e i r f u n c t i o n s w h i l e o t h e r 

p a r t s s u p p l i e d b y s o m e o f t h e c o r t i c a l b r a n c h e s m a y b e i m 

p a i r e d . 

T h e p r e p o n d e r a n c e o f c l i n i c a l t e s t i m o n y goes t o s h o w 

t h a t m o s t o f t h e d e s t r u c t i v e l e s i o n s w h i c h a r e a s s o c i a t e d 

d u r i n g l i f e w i t h p a r a l y s i s o f v o l u n t a r y m o t i o n a r e c o n 

f i n e d t o t h i s m o t o r a r e a , a l t h o u g h a r a r e case i s o n r e 

c o r d 1 w h e r e t h e m o t o r a r e a w a s t h e sea t o f c y s t i c d i sease , 

a n d s t i l l v o l u n t a r y m o t i o n r e m a i n e d u n a f f e c t e d . I t i s a 

m a t t e r o f g r e a t d o u b t w h e t h e r t h e g r a y m a t t e r o f t h e c o n 

v o l u t i o n s w Tas i m p a i r e d , e v e n i n t h i s case, i n s p i t e o f t h e 

e x i s t i n g l e s i o n . 

T h e e f f e c t o f e x t e n s i v e l e s i o n s a f f e c t i n g t h e m o t o r a r e a 

o f t h e m o n k e y ( w h i c h i s c o m m o n l y u s e d f o r . e x p e r i m e n t s , 

as t h e n e a r e s t a p p r o a c h t o t h e t y p e o f m a n k i n d ) m a y b e 

s u m m a r i z e d as f o l l o w s : 1 . A h e m i p l e g i a , w h i c h i s a t first 

a b s o l u t e ; 2 . A n i m p r o v e m e n t i n a s s o c i a t e , a l t e r n a t i n g , o r 

b i l a t e r a l m o v e m e n t s , b u t n o i m p r o v e m e n t i n v o l u n t a r y m o 

t i o n . 

R e s p e c t i n g t h i s p o i n t , I q u o t e f r o m a l a t e w o r k as f o l 

l o w s : 

' - A s e x a m p l e s o f t h e i m p r o v e m e n t w h i c h f o l l o w s t h e o n 

set o f t h e h e m i p l e g i a , t h e h a n d b e c o m e s m o r e p a r a l y z e d t h a n 

t h e a r m , t h e a r m m o r e t h a n t h e l e g , a n d t h e l o w e r f a c i a l 

m o v e m e n t s m o r e t h a n t h e u p p e r ; w h i l e t h e m u s c l e s o f t h e 

t r u n k a r e s c a r c e l y , i f a t a l l , a f f e c t e d . " 2 

1 Samt, " Archiv fur Psychiatric," 1874. 
2 Ferrier, Localization of Cerebral Disease." 

5 
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I n m a n t h e h e m i p l e g i a i s u s u a l l y o n t h e s i d e o p p o s i t e t o 

t h e e x i s t i n g l e s i o n , 1 i f t h e m o t o r a rea , t h e c o r p u s s t r i a t u m , 

o r t h e a n t e r i o r p a r t o f t h e i n t e r n a l c a p s u l e b e t h e sea t o f 

d isease ; a n d t h i s p a r a l y s i s i s o f t e n a c c o m p a n i e d b y con

vulsive muscular movements o r rigidity o f t h e p a r a l y z e d 

p a r t s , i n i t s e a r l y s tage , a n d , l a t e r o n , b y rigidity a n d motor 

sclerosis.2 

T h e resea rches o f P i t r e s 3 h a v e s h o w n t h a t t h e s a m e re 

s u l t s as t h o s e d e p e n d e n t u p o n a l e s i o n o f t h e g r a y m a t t e r o f 

t h e c o n v o l u t i o n s w i t h i n t h e m o t o r a r e a f o l l o w w h e n t h e l e s i o n 

a f f e c t s t h e white substance o f t h e b r a i n 4 w h i c h i n t e r v e n e s 

b e t w e e n t h e g r a y m a t t e r c o v e r i n g t h e m o t o r a r e a a n d t h e b a s a l 

g a n g l i a b e n e a t h t h e m , a n d h e t h u s u r g e s a s y s t e m o f n o m e n 

c l a t u r e o f t h e d i f f e r e n t p o r t i o n s o f t h e " c e n t r u m o v a l e " b y 

m e a n s o f s e c t i o n s o f t h e b r a i n m a d e i n c e r t a i n r e g i o n s so as t o 

s h o w s p e c i a l p a r t s . 

I t i s b y m e a n s o f t he se r e sea rches t h a t w e a r e e n a b l e d t o 

e x p l a i n t h o s e cases w h e r e r i g i d i t y o r m u s c u l a r s p a s m s a c c o m 

p a n y a n a t t a c k o f h e m i p l e g i a , f r o m a n e f f u s i o n i n t o t h e 

lateral ventricles o f t h e b r a i n ; a n d w h e r e cerebral soft

ening o r haemorrhage, w h i c h does n o t a f f e c t t h e g r a y m a t 

t e r o f t h e c o n v o l u t i o n s o r t h e b a s a l g a n g l i a , p r o d u c e s a p e r 

m a n e n t p a r a l y s i s o f t h e s i d e o f t h e b o d y o p p o s i t e t o t h e l e s i o n . 

W h e n s u d d e n h e m i p l e g i a o c c u r s , as a r e s u l t o f haemor

r h a g e i n t o o r t r a u m a t i s m o f s o m e p o r t i o n o f t h e m o t o r a rea , 

t h e c o n d i t i o n o f p a r a l y s i s i s l i a b l e t o i m p r o v e i n t h o s e re 

g i o n s o f t h e b o d y w h e r e t h e special motor center of that part 

- r e m a i n s u n i m p a i r e d , b u t t h e p a r a l y s i s w i l l u s u a l l y r e m a i n 

p e r m a n e n t i n t h a t p a r t o f t h e b o d y w h o s e m o t o r c e n t e r i s 

d e s t r o y e d . T h i s f a c t , w h e n p r o p e r l y i n t e r p r e t e d , m a y o f t e n 

p r o v e a m o s t v a l u a b l e g u i d e i n d i a g n o s i s . 

1 The fact that all the motor fibers do not decussate in the medulla oblongata (Flech-
sig) explains the exceptions to this rule. 

5 See later pages of this volume for further explanation of this point and its clinical 
interest. 

3 "Lesions du Centre Ovale," Paris, 1877. 
4 This portion contains the fibers of the internal capsule radiating to reach the motor 

regions of the cortex. (See Fig. 8.) 
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Special Centers of Motion.—At t h e ba se o f t h e first f ron

tal convolution, a n d e x t e n d i n g s l i g h t l y i n t o t h e second f r o n -

FIG. 15.—Sid? view of the brain of man and the areas of the ccrebrcd convolutions. (After 
Ferrier.) 

1 (on the postero-parietal [superior parietal] lobule), advance of the opposite hind-limb 
as in walking; 2, 3, 4 (around the upper extremity of the fissure of Rolando), com
plex movements of the opposite leg and arm, and of the trunk, as in swimming; 
a, 6, c, d (on the postero-parietal [posterior central] convolution), individual and 
combined movements of the fingers and wrist of the opposite hand : prehensile move
ments ; 5 (at the posterior extremity of the superior frontal convolution), extension 
forward of the opposite arm and hand ; 6 (on the upper part of the antero-parietal 
or ascending frontal [anterior central] convolution), supination and flexion of the 
opposite fore-arm ; 7 (on the median portion of the same convolution), retraction and 
elevation of the opposite angle of the mouth by means of the zygomatic muscles ; 8 
(lower down on the same convolution), elevation of the ala nasi and upper lip with 
depression of the lower lip, on the opposite side; 9, 10 (at the inferior extremity of 
the same convolution, Broca's convolution), opening of the mouth with 9, protrusion, 
and 10, retraction of the tongue—region of aphasia, bilateral action; 11 (between 
10 and the inferior extremity of the postero-parietal convolution), retraction of the 
opposite angle of the mouth, the head turned slightly to one side ; 12 (on the poste
rior portions of the superior and middle frontal convolutions), the eyes open widely, 
the pupils dilate, and the head and eyes turn toward the opposite side ; 13, 13 (on 
the supra-marginal lobule and angular gyrus), the eyes move toward the opposite side 
with an upward 13, or downward 13- deviation ; the pupils generally contracted (cen
ter of vision); 14 (of the infra-marginal, or superior [first] tcmporo-sphcnoidal con
volution), pricking of the opposite ear, the head and eyes turn to the opposite side, 
and the pupils dilate largely (center of hearing). Ferrier, moreovor, places the cen
ters of taste and smell at the extremity of the temporo-sphenoidal lobe, and that of 
touch in the gyrus uncinatus and hippocampus major. 
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tal convolution, i n t h e b r a i n o f a m o n k e y m a y b e l o c a t e d a 

d i s t i n c t c e n t e r w h i c h e x e r t s a s p e c i a l i n f l u e n c e u p o n t h e h e a d 

a n d eyes . T h u s , t o q u o t e f r o m F e r r i e r , w h o s e r e sea r ches 

h a v e b e e n r e m a r k a b l e f o r t h e i r o r i g i n a l i t y a n d a p p a r e n t a c c u 

r a c y , s t i m u l a t i o n o f t h i s c e n t e r causes "elevation of the eye

lids, dilatation of the pupils, conjugate deviation of the 

eyes, a n d turning of the head toivard the opposite side" 

(See N o . 12 i n F i g . 15 . ) 

T h a t t h i s s a m e c e n t e r seems t o e x i s t i n t h e h u m a n b r a i n i s 

t o b e i n f e r r e d f r o m t h e cases w h e r e a bilateral deviation of 

the eyes h a s b e e n o b s e r v e d , w h i c h , i n s o m e cases, h a s a l so 

b e e n a s s o c i a t e d w i t h a l a t e r a l d e f l e c t i o n o f t h e h e a d . T h i s 

s u b j e c t h a s e x c i t e d t h e i n t e r e s t o f H u g h l i n g s - J a c k s o n , 1 P r i e s t 

l e y S m i t h , 5 F e r r i e r , 3 a n d C h a r c o t , 4 a n d cases w h i c h s e e m t o 

s u s t a i n t h e t h e o r y o f a n o c u l o - m o t o r f u n c t i o n i n t h e f r o n t a l 

c o n v o l u t i o n s h a v e b e e n r e p o r t e d b y C h o u p p e , L a n d o u z y , 5 

C a r r o l l , S m i t h , a n d o t h e r s . A n e f f o r t h a s b e e n m a d e t o e x 

p l a i n t he se o c u l a r s y m p t o m s b y s o m e a s s o c i a t i o n w i t h t h e 

a n g u l a r g y r u s (see p a g e 52) , b u t a p p a r e n t l y w i t h o u t m u c h 

g r o u n d . 

T h e c e n t e r o f motion f o r the muscles of the limbs i s n o t 

y e t as p o s i t i v e l y a s c e r t a i n e d as t h e o c u l o - m o t o r c e n t e r , a l 

t h o u g h s o m e i n t e r e s t i n g e x p e r i m e n t s h a v e b e e n m a d e t o de

c i d e w h e t h e r t h e c o r r e s p o n d i n g p o i n t o f t h e b r a i n o f m a n i s 

a n a l o g o u s , i n i t s c o n t r o l o v e r t h e l e g , t o t h a t o f t h e m o n k e y 

t r i b e . A s a n e x a m p l e o f t h e i n g e n u i t y s h o w n i n r e s e a r c h , 

B o u r d o n 6 ha s e n d e a v o r e d t o d e m o n s t r a t e atrophy of certain 

parts o f t h e b r a i n a f t e r a m p u t a t i o n o f t h e l i m b s , a n d t h u s 

i n d i r e c t l y t o p r o v e t h e n o r m a l u se o f t h e p a r t s w h i c h h a d 

a t r o p h i e d f r o m d i s u s e . T h e u s e t o w h i c h t h e m o n k e y p u t s 

h i s t a i l , s i n c e i t se rves t h e p u r p o s e o f a n a d d i t i o n a l h a n d i n 

s o m e i n s t a n c e s , r e n d e r s t h e a p p l i c a t i o n o f m o v e m e n t s o f t h a t 

1 "Ophthalmology in its Relations to General Medicine," " Lancet," 1877. 
2 "Bilateral Deviations of the Eyes," "Birmingham Med. Review," 1875. 
3 Op. cit. 
4 Op. cit. 
6 " Blepharoptose cerebralc," "Arch. Gen. de Mi'-d.," 1S77. 
6 " Recherches cliniqucs sur les centres motcurs," Paris, 1877. 
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FIG. 16.— Tipper view of the brain of man and the situation of areas of the cerebral con
volutions. (After Ferrier.) 

1 (on the postero-parietal [superior parietal] lobule), advance of the opposite hind-
limb as in walking; 2, 3, 4 (around the upper extremity of the fissure of Rolando), 
complex movements of the opposite leg and arm, and of the trunk, as in swim
ming ; «, b, c, d (on the postero-parietal [posterior central] convolution), indi
vidual and combined movements of the fingers and wrist of the opposite hand; pre
hensile movements; 5 (at the posterior extremity of the superior frontal convolu
tion), extension forward of the opposite arm and hand ; 6 (on the upper part of 
the antero-parietal or ascending frontal [anterior central] convolution), supination 
and flexion of the opposite forearm; 7 (on the median portion of the same con
volution), retraction and elevation of the opposite angle of the mouth by means of 
the zygomatic muscles; 8 (lower down on the same convolution), elevation of 
the ala nasi and upper lip with depression of the lower lip, on the opposite side; 9, 
10 (at the inferior extremity of the same convolution, Broca's convolution), open
ing of the mouth with 9, protrusion, and 10, retraction of the tongue—region of 
aphasia, bilateral action; 11 (between 10 and the inferior extremity of the pos
tero-parietal convolution), retraction of the opposite angle of the mouth, the head 
turned slightly to one side; 12 (on the posterior portions of the superior and mid
dle frontal convolutions), the eyes open widely, the pupils dilate, and the head and 
eyes turn toward the opposite side ; 13, 13 (on the supra-marginal lobule and an
gular gyrus), the eyes move toward the opposite side with an upward 13, or down
ward 13' deviation—the pupils generally contracted (center of vision); 14 (of 
the infra-marginal, or superior [first] temporo-sphenoidal convolution), pricking of 
the opposite car, the head and eyes turn to the opposite side, and the pupils dilate 
largely (center of hearing). Ferrier, moreover, places the centers of taste and smell 
at the extremity of the temporo-sphenoidal lobe, and that of touch in the gyrus un-
cinatus and hippocampus major. 
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o r g a n t o t h o s e o f m a n a m a t t e r o f a p p a r e n t d i f f i c u l t y , a n d t h e 

c e n t e r o f m o t i o n f o r t h e t a i l o f t h e m o n k e y c a n h a r d l y be 

a p p l i e d t o t h e b r a i n o f m a n w i t h o u t b r i n g i n g c o m p a r a t i v e 

a n a t o m y i n t o p r o m i n e n c e . 

P a r a l y s i s o f t h e l e g , w h e n d e p e n d e n t s o l e l y u p o n c e r e b r a l 

l e s i o n s , i s s e l d o m s e p a r a t e d f r o m a s i m i l a r c o n d i t i o n o f t h e 

u p p e r e x t r e m i t y , a l t h o u g h a f e w r a r e cases o f t h a t c h a r a c t e r 

a r e o n r e c o r d ; b u t t h e r u l e o f L u c a s C h a m p i o n n i e r e m a y b e 

c o n s i d e r e d as a p p r o x i m a t e l y c o r r e c t , v i z . , t h a t , t o e x p o s e t h e 

c e n t e r o f m o t i o n f o r t h e m u s c l e s o f t h e l e g , i t i s n e c e s s a r y 

t o t r e p h i n e o v e r t h e upper extremity o f t h e fissure of 

Rolando.1 

T h e c e n t e r s o f m o t i o n f o r t h e m u s c l e s o f t h e d i f f e r e n t re

gions o f t h e upper extremity o c c u p y a m u c h l a r g e r space 

u p o n t h e s u r f a c e o f t h e c e r e b r u m t h a n t h o s e o f t h e l o w e r e x 

t r e m i t y , as m i g h t h a v e b e e n e x p e c t e d w h e n w e c o n s i d e r t h e 

a m o u n t o f i n t e l l i g e n c e w h i c h t h e h a n d e x h i b i t s . 2 F e r r i e r 

h a s p o i n t e d o u t c e r t a i n m o t o r a reas f o r t h e v a r i o u s m o v e 

m e n t s o f e x t e n s i o n , a d d u c t i o n a n d r e t r a c t i o n , s u p i n a t i o n a n d 

flexion, a n d cen t e r s f o r t h e a c t i o n s o f t h e w r i s t a n d finger 

m u s c l e s . 3 

T h e c lose p r o x i m i t y o f t h o s e c e n t e r s w h i c h c o n t r o l t h e f a 

cial a n d oral muscles t o t h e c e n t e r s g o v e r n i n g t h e m o t i o n s o f 

t h e h a n d p o s s i b l y e x p l a i n s w h y m o v e m e n t s o f r e t r a c t i o n o f 

t h e m o u t h o c c u r w h e n t h e h a n d i s b r o u g h t i n t o p o w e r f u l 

a c t i o n ; a n d a l so t h e f a c t t h a t p a r a l y s i s o f c e r t a i n g r o u p s o f 

m u s c l e s s i t u a t e d i n t h e u p p e r e x t r e m i t y a r e c o m m o n l y asso

c i a t e d w i t h s o m e f o r m o f f a c i a l p a r a l y s i s . 

F r o m a c a r e f u l a n a l y s i s o f cases w h e r e p a r a l y s i s o f t h e u p 

p e r e x t r e m i t y w a s c o n f i n e d t o c e r t a i n sets o f m u s c l e s , t h e r e 

s u l t s s eem t o p o i n t t o t h e ascending parietal a n d t h e upper 

1 For the surgical guide to locate the situation of that fissure upon the exterior sur
face of the skull of a living subject, the reader is referred to a subsequent page of this 
chapter. 

2 Sir Charles Bell, " The Human Hand." 
3 In pages 39 and 41 of this volume, the centers of Ferrier are shown in a dia

grammatic cut, and the special action of each given in the descriptive text which accom
panies it. 
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portion o f t h e ascending frontal convolutions o f t h e ce re 

b r u m , as t h e p r o b a b l e sea t o f d i s ea se ; a n d l e s i o n s o f t h e 

ascending parietal c o n v o l u t i o n a r e f o u n d , b o t h b y e x p e r i 

m e n t a l r e s e a r c h a n d b y p a t h o l o g i c a l d e d u c t i o n , t o a f f e c t 

the hand i n p a r t i c u l a r . I n f u r t h e r s u p p o r t o f t h i s s t a t e 

m e n t , t h e r e s u l t s o f t h e e x a m i n a t i o n o f t h e b r a i n s o f p e r 

sons w h o h a d s u f f e r e d a m p u t a t i o n o f t h e h a n d , 1 o r w h o 

h a d b e e n c h a r a c t e r i z e d b y a c o n g e n i t a l a b s e n c e o f t h a t 

m e m b e r , 2 s h o w a n a t r o p h y o f t h e p a r t d e s i g n a t e d b y t h e 

e x p e r i m e n t s o f F e r r i e r as t h e m o t o r c e n t e r f o r i t s m o v e 

m e n t s . 

T h e m o t o r c e n t e r s o f t h e facial muscles o c c u p y a r e g i o n i n 

c lo se p r o x i m i t y t o t h o s e o f t h e a r m a n d h a n d ; a n d i t i s a n 

e x c e p t i o n t o t h e g e n e r a l r u l e t o o b s e r v e p a r a l y s i s c o n f i n e d 

e x c l u s i v e l y t o t h e f a c e , s i n c e t h e m u s c l e s o f s o m e p a r t o f t h e 

u p p e r e x t r e m i t y a r e g e n e r a l l y a f f e c t e d s i m u l t a n e o u s l y . I t m a y 

b e a l s o n o t i c e d , w i t h s o m e d e g r e e o f p r a c t i c a l i n t e r e s t , t h a t 

aphasia i s a c o m m o n a s s o c i a t e o f e i t h e r o f t h e s e t y p e s o f l o c a l 

i z e d p a r a l y s i s , s i n c e t h e c e n t e r o f B r o c a i s l i a b l e t o b e a l s o i n 

v o l v e d f r o m i t s c l o se r e l a t i o n t o b o t h t h e c e n t e r s o f t h e f a c e , 

a r m , a n d h a n d . 3 I t i s c o n s i d e r e d b y s o m e a u t h o r i t i e s t h a t 

t h e a b s e n c e o f a p h a s i a , i n cases w h e r e t h e m u s c l e s o f t h e f a c e , 

a r m , o r h a n d a r e p a r a l y z e d , i s p r o b a b l y c o n f i n e d t o l e s i o n s 

a f f e c t i n g o n l y t h e right side o f t h e c e r e b r u m . 

T h e l e s i o n s i n w h i c h a p h a s i a e x i s t s h a v e b e e n c o n s i d e r e d 

s o m e w h a t a t l e n g t h i n p r e v i o u s p a g e s o f t h i s c h a p t e r , b u t t h e 

f a c t t h a t m o s t o f t h e c l i n i c a l cases r e c o r d e d h a v e f a i l e d t h u s 

f a r t o o v e r t h r o w t h e d i s c o v e r y o f B r o c a 1 s eems t o p l a c e i t u p o n 

a f o o t i n g a b o v e t h a t o f m e r e e m p i r i c a l g e n e r a l i z a t i o n . Cases 

h a v e b e e n r e p o r t e d w h e r e a p h a s i a h a s b e e n t h e r e s u l t o f f r a c 

t u r e o f t h e l e f t s i d e o f t h e s k u l l i n t h e r e g i o n o f t h e f r o n t a l 

l o b e s , 6 a n d a l s o w h e r e r e c o v e r y o f t h e p o w e r o f s p e e c h f o l -

1 Reported by Bourdon, "Centres moteurs des membres." Paris, 1877. 
'* Gowers, article in "Brain,"' 1878. 
3 See the relation of the facial centers, Xos. 7, 8, 11, to those of the arm and hand, 

Xos. 4, 5, 6, a, b, c, d, and to the oro-lingual centers, Xos. 9, 10, in Fig. 15 of this volume. 
4 Some late observations apparently point to other centers, as associated with speech, 

besides that of Broca. 5 Mac Cormac, " Brain," 1877. 
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l o w e d t h e o p e r a t i o n o f t r e p h i n i n g , 1 b u t i t o c c u r s m o s t f r e 

q u e n t l y as t h e r e s u l t o f e m b o l i c o b s t r u c t i o n o f t h e m i d d l e 

c e r e b r a l a r t e r y o r o f s o m e o f i t s b r a n c h e s . 2 

Diagnosis of Cortical Motor Paralysis.—The e f f e c t s o f 

l e s i o n s w h i c h i n v o l v e t h e corpus striatum o f e i t h e r s i de , o r 

t h e anterior two thirds o f t h e internal capsule o f t h e cere

b r u m , d i f f e r b u t l i t t l e f r o m t h o s e o f l e s i o n s w h i c h a r e c o n f i n e d 

t o t h e m o t o r a r ea o f t h e c e r e b r a l c o n v o l u t i o n s , s i n c e t h e f i b e r s 

w h i c h a re a f f e c t e d i n e i t h e r case a r e t h e s a m e . 3 

A f t e r t h e e f f e c t s o f t h e s h o c k o f t h e a t t a c k h a v e p a s s e d 

a w a y , t h e m u s c l e s w h i c h a r e p a r a l y z e d a r e u s u a l l y t h o s e 

w h i c h a r e t h e m o s t c o m p l e t e l y u n d e r t h e c o n t r o l o f voli

tion ; t h u s t h e l o w e r m u s c l e s o f t h e f a c e a r e m o r e a f f e c t e d t h a n 

t h o s e u p o n t h e f o r e h e a d o r o f t h e e y e l i d s , s i n c e t h e l o w e r 

f a c i a l m u s c l e s a r e b y f a r t h e m o s t v o l u n t a r y ; t h e m u s c l e s o f 

t h e h a n d a r e v e r y m a r k e d l y a f f e c t e d , e v e n m o r e t h a n t h o s e o f 

t h e a r m ; a n d t h e m u s c l e s o f t h e u p p e r e x t r e m i t y m o r e t h a n 

t h o s e o f t h e l o w e r . 4 

N o e v i d e n c e o f i m p a i r m e n t o f sensation c a n b e d i s c o v e r e d , 

p r o v i d e d t h a t t h e p o s t e r i o r t h i r d o f t h e i n t e r n a l c a p s u l e o f 

t h e c e r e b r u m h a s e s c a p e d i n j u r y . T h e n u t r i t i o n o f t h e p a r a 

l y z e d m u s c l e s i s a p p a r e n t l y n o r m a l , a n d t h e i r e l e c t r i c c o n 

t r a c t i l i t y i s n o t i m p a i r e d . 

A t e n d e n c y t o w a r d rigidity o f t h e p a r a l y z e d m u s c l e s de

v e l o p s , l a t e r o n i n t h e d isease , w h i c h h a s b e e n v a r i o u s l y e x 

p l a i n e d b y s o m e a u t h o r s ( C h a r c o t , B a s t i a n , a n d B o u c h a r d ) as 

t h e r e s u l t o f a progressive sclerosis, w h i c h d e s c e n d s a l o n g t h e 

m o t o r t r a c t o f t h e p o n s V a r o l i i , c r u s c e r e b r i , m e d u l l a , a n d 

t h e s p i n a l c o r d ; w h i l e t h e r e sea rches o f H u g h l i n g s - J a c k s o n 5 

1 Terrillon and Proust, "Acad, dc Medicine," 1S7G. 
2 See researches of Meissner, Charcot, Vulpian, Seguin, Bertin, and others. 
3 Ferrier, op. cit. The reader is referred to Fig. 8 of this volume, in explanation of 

this statement. 
4 Pathological anatomy (recent cases) demonstrates: 1, that destructive lesions of the 

motor regions of the cortex (and of the para-central lobule) produce descending degenera
tion throughout the direct cerebral motor tract, extending into the lateral columns of the 
spinal cord ; .and 2, that there is a remarkable correspondence between certain localized 
spasmodic and paralytic symptoms observed during life and lesions irritating or destroy
ing certain definite spots in the motor zone of the cortex. 

6 " Medical Examiner," April, 1877. 
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w a r r a n t s h i m i n d i s c a r d i n g t h i s e x p l a n a t i o n a n d a t t r i b u t i n g 

i t t o a n u n i m p e d e d cerebellar influence, w h i c h i s n o l o n g e r 

c o n t r o l l e d b y t h e c e r e b r u m . B o t h o f t h e s e h y p o t h e s e s a r e , 

h o w e v e r , d i s c a r d e d b y D u r e t , 1 w h o c o n s i d e r s t h e r i g i d i t y 

t o b e t h e r e s u l t o f s i m p l e reflex irritation. I t w i l l i n n o 

w a y a d d t o t h e p r a c t i c a b i l i t y o f t h e m a t t e r c o n t a i n e d h e r e 

t o e n t e r i n t o t h e d i s c u s s i o n o f t h e r e l a t i v e d e m e r i t s o f t h e s e 

t h e o r i e s , s i n c e t h o s e i n t e r e s t e d i n t h e s u b j e c t w i l l find F e r -

r i e r ' s w o r k o n t h e " L o c a l i z a t i o n o f C e r e b r a l D i s e a s e " a n d 

m a n y o f t h e a d v a n c e d w o r k s u p o n t h e p a t h o l o g y o f d i s 

eases o f t h e n e r v o u s s y s t e m t o c o n t a i n a l l t h e d e s i r e d i n f o r 

m a t i o n . 

O n e o f t h e m o s t v a l u a b l e s i g n s o f p a r a l y s i s d e p e n d e n t u p o n 

a l e s i o n o f t h e c o r t e x i s t h e f a c t t h a t t h e c o n d i t i o n i s n o t o n e 

o f c o m p l e t e h e m i p l e g i a , b u t r a t h e r o f monoplegia, i n w h i c h 

s p e c i a l g r o u p s o f m u s c l e s o n l y a r e d e p r i v e d o f v o l u n t a r y 

m o t i o n : t h u s , t h e a r m a n d l e g m a y b e a f f e c t e d t o g e t h e r ; a g a i n , 

t h e a r m , h a n d , a n d f a c e ; t h e a r m a l o n e ; t h e l e g a l o n e ; cer 

t a i n m o v e m e n t s o n l y o f e i t h e r e x t r e m i t y ; a n d a l l o t h e r p o s s i 

b l e c o m b i n a t i o n s . P a r a l y s i s d u e t o l e s i o n s o f t h e c o r t e x m a y 

o f t e n b e t r a n s i t o r y , i f t h e l e s i o n b e s l i g h t a n d s u p e r f i c i a l ; o r 

i t m a y b e p e r m a n e n t , i f d e e p a n d i m p i n g i n g u p o n t h e m e d u l l a . 

I t i s , f u r t h e r m o r e , f r e q u e n t l y a s s o c i a t e d w i t h rigidity i n i t s 

early stages, w h i c h i s a r a r e o c c u r r e n c e i n c e n t r a l c e r e b r a l 

d i s ea se . 

I n a t t a c k s o f p a r a l y s i s d u e t o s u d d e n l y d e v e l o p e d l e s i o n s 

o f t h e c o r t e x , consciousness i s l ess f r e q u e n t l y l o s t t h a n i n 

s i m i l a r l e s i o n s o f t h e c e n t r a l g a n g l i a , a n d pain o f a l o c a l c h a r 

a c t e r w i t h i n t h e h e a d i s o f t e n e i t h e r c o m p l a i n e d o f b y t h e p a 

t i e n t s p o n t a n e o u s l y w i t h t h e a t t a c k , o r i t m a y b e s o m e t i m e s 

e l i c i t e d b y p e r c u s s i o n o v e r t h e sea t o f t h e e x c i t i n g l e s i o n . 

T h e l o s s o f c o n s c i o u s n e s s w h i c h g e n e r a l l y a c c o m p a n i e s a n y 

s u d d e n l e s i o n o f t h e c e n t r a l g a n g l i a i s e x p l a i n e d b y D u 

r e t a as d u e t o a rapid displacement o f t h e cerebro-spinal 

fluid, w h i c h i n t u r n c r e a t e s a g e n e r a l d i s t u r b a n c e o f t h e c i r -

1 " Brain," Part I , 1877. 
s " Traumatismes cercbraux," These, 1878; "Archiv. de Physiologic," 1875. 
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c u l a t i o n o f t h e c e r e b r u m , s ince t h i s f l u i d serves t o e s t a b l i s h 

a u n i f o r m i t y o f p r e s s u r e t h r o u g h o u t t h e b r a i n . 

F e r r i e r * t h u s b r i e f l y s u m m a r i z e s t h e r e s u l t s o f c l i n i c a l o b 

s e r v a t i o n b e a r i n g u p o n t h e d i a g n o s i s o f p a r a l y s i s d e p e n d e n t 

u p o n d e s t r u c t i v e l e s i o n s o f t h e c o r t e x : ' ' W h i l e w e c a n n o t 

b e q u i t e c e r t a i n o f t h e p o s i t i o n o r e x t e n t o f a c o r t i c a l l e s i o n 

c a u s i n g a s u d d e n a n d c o m p l e t e h e m i p l e g i a , w e m a y t a k e a 

monoplegia o f t h e l e g , o r o f t h e a r m a n d l e g , as a n i n d i c a t i o n 

o f a l e s i o n o f t h e u p p e r e x t r e m i t y o f t h e a s c e n d i n g c o n v o l u 

t i o n s c lose t o t h e l o n g i t u d i n a l f i s s u r e ; brachial monoplegia, 

as a s i g n o f a l e s i o n i n t h e u p p e r p a r t o f t h e a s c e n d i n g f r o n 

t a l c o n v o l u t i o n , o r , i f t h e p a r a l y s i s a f f e c t the hand m o r e 

p a r t i c u l a r l y , o f t h e a s c e n d i n g p a r i e t a l c o n v o l u t i o n ; brachio-

facial monoplegia, as i n d i c a t i n g a l e s i o n o f t h e m i d - f r o n t o -

p a r i e t a l r e g i o n ; w h i l e facial a n d lingual monoplegia, o r t h i s 

c o m b i n e d w i t h a p h a s i a , i n d i c a t e s a l e s i o n o f t h e l o w e r p a r t o f 

t h e a s c e n d i n g f r o n t a l c o n v o l u t i o n w h e r e t h e t h i r d f r o n t a l 

j o i n s w i t h i t . " 2 

Irritative Lesions of the Motor Area.—It i s a w e l l - r e c o g 

n i z e d f a c t i n c l i n i c a l e x p e r i e n c e t h a t c e r t a i n s y m p t o m s , w h i c h 

a r e c h i e f l y o f a c o n v u l s i v e t y p e , a r e d e p e n d e n t u p o n c o n d i t i o n s 

w h i c h c r e a t e s i m p l y irritation o f c e r t a i n p o r t i o n s o f t h e cere

b r u m , w i t h o u t a n y a c t u a l d e s t r u c t i o n o f t h e g r a y o r w h i t e 

m a t t e r . A m o n g t h e v a r i o u s c o n d i t i o n s w h i c h a r e e s p e c i a l l y 

l i a b l e t o p r o d u c e s u c h l o c a l i r r i t a t i o n m a y b e m e n t i o n e d 

s y p h i l i t i c m e n i n g o e n c e p h a l i t i s , s i m p l e i n f l a m m a t i o n o f t h e 

s a m e c h a r a c t e r , d e p o s i t o f t u b e r c l e , s u p e r f i c i a l c y s t s o r t u 

m o r s o f a m o r e s o l i d c h a r a c t e r , s p i c u l e o f b o n e , c i c a t r i c e s 

f r o m w o u n d s o f p r e v i o u s d a t e , s u p p u r a t i o n f r o m c a r i e s a n d 

n e c r o s i s , e tc . 

I n t h e y e a r 1867 , 3 a n d s t i l l l a t e r , i n t h e y e a r 1 8 7 1 , 4 t h e 

g e n e r a l s t a t e m e n t b y w h i c h t h e c l i n i c a l d i a g n o s i s o f t h e s i t u a 

t i o n o f i r r i t a t i v e l e s i o n s o f t h e c e r e b r u m m i g h t b e a s s i s t e d w a s 

1 Op. cit. 
5 The plate showing the motor centers will tend to explain these deductions. See 

page 39 of this volume. 
3 " St. Bartholomew's Hospital Reports." 
4 " Medico-Chir. Trans." 
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a d v a n c e d b y C a l l e n d e r , " t h a t c o n v u l s i v e a t t a c k s w e r e m o s t 

c o m m o n l y a s s o c i a t e d w i t h s u p e r f i c i a l l e s i o n s o f t h e c o r t e x s i t 

u a t e d i n t h e i m m e d i a t e v i c i n i t y o f t h e m i d d l e m e n i n g e a l a r 

t e r y . " F e r r i e r , h o w e v e r , c o n c l u d e s , as t h e r e s u l t o f h i s e x t e n 

s i v e f a c i l i t i e s f o r o b s e r v a t i o n , t h a t , w h i l e t h i s m a y b e u s e f u l as 

a g e n e r a l r u l e , s t i l l any portion o f t h e c o r t e x o f t h e h e m i 

s p h e r e m a y r e s u l t i n c o n v u l s i o n s o f t h e o p p o s i t e s i d e o f t h e 

b o d y , a n d h e a d d s t h e s t a t e m e n t t h a t t h e seat o f a n i r r i t a t i v e 

l e s i o n c a n b e less a c c u r a t e l y d e t e r m i n e d t h a n o n e o f a d e s t r u c 

t i v e c h a r a c t e r , o w i n g t o t h e d i f f i c u l t y o f d e t e r m i n i n g t h e e x 

t e n t o f t h e z o n e i n w h i c h v i t a l i r r i t a t i o n c o n c e n t r a t e s i t s e l f . 

H u g h l i n g s - J a c k s o n 1 h a s c o n t r i b u t e d m u c h t o t h e p a t h o l o g y 

o f t h o s e c o n d i t i o n s o f t h e c o r t e x , p r o d u c e d b y i r r i t a t i o n , w h i c h 

m a n i f e s t t h e m s e l v e s i n t h e f o r m o f convulsions. So g r e a t a 

p r o m i n e n c e d i d s y p h i l i s h a v e as o n e o f t h e e x c i t i n g causes o f 

s u c h i r r i t a t i o n t h a t t h e t e r m ' ' J a c k s o n i a n e p i l e p s y " i s n o w 

o f t e n u s e d as s y n o n y m o u s w i t h t h e c o n v u l s i o n s m e t w i t h i n 

t h a t d i sease . T h e t h e o r y w h i c h t h i s a u t h o r a d v a n c e s t o e x 

p l a i n t h e s e c o n v u l s i v e a t t a c k s i s as f o l l o w s : T h a t i r r i t a t i o n 

o f t h e c o r t e x t e n d s t o w a r d a n a b n o r m a l a c c u m u l a t i o n o f n e r 

v o u s e n e r g y , so t h a t t h e a f f e c t e d p a r t i s u n d e r a s t a t e o f h i g h 

t e n s i o n , a n d , u n d e r c e r t a i n c o n d i t i o n s , t h i s i r r i t a t e d p o r t i o n 

d i s c h a r g e s i t s e l f i n a s u d d e n a n d e x p l o s i v e m a n n e r , t h u s p r o 

d u c i n g a s u b s e q u e n t e x h a u s t i o n o f i t s p o w e r s ; h e n c e a c o n 

v u l s i o n , a n d o f t e n s o m e t y p e o f m o n o p l e g i a f o l l o w i n g i t . 

T h e c o n v u l s i o n s d e p e n d e n t u p o n i r r i t a t i o n o f t h e c o r t e x 

m a y a s s u m e a l l o f t h e d i f f e r e n t v a r i e t i e s p r o d u c e d b y d e 

s t r u c t i v e l e s i o n s o f t h e m o t o r a r ea , a n d m a y e v e n r e s u l t i n 

p a r a l y s i s ; t h u s t h e l e g m a y a l o n e b e a f f e c t e d w i t h s p a s m , 

t h e a r m a l o n e , t h e a r m a n d h a n d t o g e t h e r , a n d t h e f a c e a l o n e , 

o r i n c o n n e c t i o n w i t h t h e u p p e r e x t r e m i t y . 

I t m a y o f t e n a s s i s t i n t h e l o c a l i z a t i o n o f a l e s i o n , w m i c h i s 

c r e a t i n g t h e i r r i t a t i o n o f t h e c o r t e x , t o n o t e c a r e f u l l y t h e m u s 

c les a f f e c t e d a t t h e o n s e t o f t h e c o n v u l s i o n , s i n c e t h e y m a y 

e n a b l e t h e o b s e r v e r , t h r o u g h a k n o w l e d g e o f t h e m o t o r c e n 

t e r s , t o t r a c e t h e sea t o f t h e r e g i o n w i t h i n t h e c o r t e x w h i c h 
1 Oj>. cit. Also see "Medical Times and Gazette," 1875. 
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f i r s t e x h i b i t e d a t e n d e n c y t o e x p l o s i v e d i s c h a r g e o f i t s n e r v 

o u s e n e r g y . 

THE SENSORY REGIONS OF THE CEREBRUM. 

T h e t e m p o r o - s p h e n o i d a l a n d o c c i p i t a l l o b e s o f t h e c e r e b r u m 

a r e n o w a c c e p t e d b y m o s t a u t h o r s as t h e o n l y p o r t i o n s w h i c h 

c a n a p p r e c i a t e t h e p e r c e p t i o n o f sensory impressions. T h i s 

f a c t seems t o b e d e m o n s t r a t e d n o t o n l y b y e x p e r i m e n t a l i n 

v e s t i g a t i o n u p o n a n i m a l s , b u t a l s o b y c l i n i c a l o b s e r v a t i o n , 

w i t h as g r e a t a d e g r e e o f c e r t a i n t y as p r e v i o u s f a c t s w h i c h 

h a v e b e e n m e n t i o n e d r e g a r d i n g t h e f u n c t i o n o f t h e f r o n t a l 

r e g i o n a n d t h e m o t o r a rea . 

I t h a s b e e n d e t e r m i n e d , w i t h s o m e a p p r o a c h t o p o s i t i v e -

ness o f s t a t e m e n t , t h a t t h e posterior fibers of the crus a re 

t h e p r i n c i p a l m e a n s o f t r a n s m i s s i o n o f s e n s o r y i m p r e s s i o n s 

f r o m t h e p e r i p h e r y o f t h e b o d y t o t h e c e r e b r u m , a n d t h e 

r e sea rches o f M e y n e r t h a v e d o n e m u c h t o d e m o n s t r a t e t h a t 

t h e s e f i b e r s a r e c o n n e c t e d w i t h t h e p o r t i o n s o f t h e c o r t e x 

w h i c h h a v e b e e n d e s i g n a t e d as t h e r e g i o n s c h i e f l y a s s o c i a t e d 

w i t h s e n s o r y p e r c e p t i o n . 

D u r e t , 1 V e y s s i e r e , 2 a n d R a y m o n d h a v e s h o w n b y e x p e r i 

m e n t t h a t , w h e n t h a t p a r t o f t h e i n t e r n a l c a p s u l e w h i c h i s 

s i t u a t e d b e t w e e n t h e lenticular nucleus a n d t h e optic thala

mus i s d i v i d e d , a loss o f s e n s a t i o n i s e x p e r i e n c e d i n t h e o p p o 

s i t e s i d e o f t h e b o d y , b u t t h a t , i n s o m e i n s t a n c e s , s o m e d e g r e e 

o f m o t o r p a r a l y s i s i s a l s o p r o d u c e d . O n t h e o t h e r h a n d , 

t h e s e s ame o b s e r v e r s h a v e f o u n d t h a t s e c t i o n o f t h e a n t e r i o r 

t w o t h i r d s o f t h e i n t e r n a l c a p s u l e p r o d u c e s a d i s t i n c t m o t o r 

p a r a l y s i s , w i t h n o e f f e c t u p o n t h e f u n c t i o n o f s e n s o r y p e r c e p 

t i o n o f t h e p a r t s p a r a l y z e d , save i n a f e w i n s t a n c e s , w h e r e 

s u c h a r e s u l t o f a fleeting c h a r a c t e r w a s d e t e c t e d . 

T h a t t he se d e d u c t i o n s a r e f u l l y s u s t a i n e d b y c l i n i c a l f a c t s , 

as f a r as t h e m o t o r n e r v e s a r e c o n c e r n e d , t h e s t a t e m e n t s o f 

p r e c e d i n g p a g e s s e e m t o c l e a r l y p r o v e , a n d t h e c o l l e c t e d cases 

•1 Op. dt. 
2 " Sur l'hemianesthdsie de cause cerebrale," 1874. 
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r e p o r t e d b y C h a r c o t , 1 P i t r e s , 3 T i t r c k , 3 a n d o t h e r s , p r e s e n t a 

l a r g e m a s s o f e v i d e n c e t o w a r r a n t t h e c o n c l u s i o n t h a t l e s i o n s 

o f t h e p o s t e r i o r p a r t o f t h e i n t e r n a l c a p s u l e a r e i n d i c a t e d b y 

h e m i - a n a e s t h e s i a o n t h e s i d e o f t h e b o d y o p p o s i t e t o t h e 

l e s i o n . I n s u c h cases, tactile sensation is destroyed to the 

median line n o t o n l y i n t h e t r u n k , b u t a l s o u p o n t h e f a c e ; 

p a i n a n d t h e s e n s a t i o n o f h e a t a r e l i k e w i s e a b o l i s h e d ; b u t t h e 

c o n t r a c t i l i t y o f m u s c l e s u n d e r t h e e l e c t r i c c u r r e n t i s n o t i m 

p a i r e d o r l o s t . I f w e e x a m i n e t h e m u c o u s m e m b r a n e s o f t h e 

e y e , n o s e , o r m o u t h , t h e s a m e c o n d i t i o n o f d e s t r o y e d s e n s i 

b i l i t y w i l l b e d e t e c t e d , b u t t h e v i s c e r a r e m a i n s e n s i t i v e . 

F u r t h e r m o r e , t a s t e , s m e l l , a n d h e a r i n g a r e u s u a l l y r e n d e r e d 

d e f i c i e n t , a n d , i n s o m e cases, a r e e n t i r e l y a b o l i s h e d , o n t h e 

s i d e o p p o s i t e t o t h e l e s i o n ; a n d t h e s p e c i a l sense o f s i g h t i s 

a f f e c t e d i n a v a r i e t y o f w a y s , w h i c h w i l l b e d e s c r i b e d i n 

d e t a i l . 

I n t h e a d m i r a b l e w o r k o f C h a r c o t , 4 a d i a g r a m i s g i v e n t o 

i l l u s t r a t e t h e e f f e c t o f p r e s s u r e u p o n t h e o p t i c t r a c t , t h e c o m 

m i s s u r e , a n d t h e o p t i c n e r v e i t s e l f , w h i c h I s h a l l u s e i n t h e 

d i s c u s s i o n o f t h e v a l u e o f t h e o p t i c n e r v e as a g u i d e i n d i a g 

n o s i s l a t e r i n t h i s c o u r s e ; 5 b u t t h e c l i n i c a l f a c t s a f f o r d e d b y 

l e s i o n s w i t h i n t h e i n t e r n a l c a p s u l e f a i l t o s u p p o r t s i m i l a r r e 

s u l t s as t h e e f f e c t o f i n t r a - c e r e b r a l p r e s s u r e . T h u s , i n l e s i o n s 

o f t h e i n t e r n a l c a p s u l e , b l i n d n e s s o f t h e l a t e r a l h a l f o f b o t h 

r e t i n a e (7iemianopsia), as o n e w o u l d e x p e c t t o f i n d , d o e s n o t 

e x i s t ; b u t , o n t h e c o n t r a r y , a c o n d i t i o n o f amblyopia r e s u l t s , 

w h i c h i s c h a r a c t e r i z e d b y a m a r k e d c o n t r a c t i o n o f t h e f i e l d 

o f v i s i o n , a n d e s p e c i a l l y so as r e g a r d s t h e p e r c e p t i o n o f c o l o r . 

B y c o n s u l t i n g t h e d i a g r a m g i v e n y o u i n t h e d e s c r i p t i o n o f 

t h e o p t i c n e r v e , 6 y o u w i l l p e r c e i v e t h a t t h e f i e l d f o r b l u e t i n t s 

i s t h e l a r g e s t , a n d t h a t r e d i s n e x t i n p o i n t o f size, w h i l e 

1 "Lccons sur les maladies du systeme nerveux." 
2 " Lesions du Centre Ovale." 
3 See Grasset, "Localizations dans les maladies cerebrales," 1S78. 
4 Op. cit. 
6 The reader is referred to the diagrammatic cut and its descriptive text in the lecture 

upon the optic nerve. 
6 See page of this volume containing a diagram by Hirschberg. 
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g r e e n con ies l a s t . 1 N o w , i n l e s i o n s o f t h e i n t e r n a l c a p s u l e , 

t h e p e r c e p t i o n o f t he se c o l o r s i s i m p a i r e d i n t h e r e l a t i v e p r o 

p o r t i o n o f t h e size o f t h e field, a n d t h u s g r e e n m a y b e en 

t i r e l y l o s t , w h i l e t h e v i s i o n o f r e d o r b l u e m a y s t i l l r e m a i n . 

I t h a s b e e n s h o w n b y L a n d o l t , 2 w h o h a s d o n e m u c h t o 

d e v e l o p t h i s s p e c i a l field o f i n v e s t i g a t i o n , t h a t t h e i m p a i r m e n t 

o f v i s i o n f r o m i n t r a - c e r e b r a l causes i s n o t a l t o g e t h e r c o n f i n e d 

t o o n e s ide , b u t t h a t t h e e y e u p o n t h e s a m e s i d e as t h e l e s i o n 

i s s o m e w h a t a f f e c t e d , a n d r e n d e r e d p a r t i a l l y anaes the t i c . 

I f w e e x a m i n e t h e eyes so a f f e c t e d , w e c a n n o t d i s c o v e r 

b y t h e o p h t h a l m o s c o p e a n y o r g a n i c d i sease o r e v i d e n c e s o f 

d e g e n e r a t i o n o f e i t h e r t h e o p t i c n e r v e o r t h e r e t i n a , p r o v i d e d 

t h a t t h e e x a m i n a t i o n i s m a d e e a r l y , b e f o r e a n y l a t e r e s u l t s o f 

t h e b l i n d c o n d i t i o n o f t h e e y e m a n i f e s t t h e m s e l v e s as t h e 

e f f e c t o f d i s u s e . 3 

A s has b e e n b e f o r e s t a t e d , t h e c o n d i t i o n o f a m b l y o p i a a n d 

t h e absence o f h e m i a n o p s i a a r e i n o p p o s i t i o n t o w h a t t h e ef 

f e c t s o f p r e s s u r e u p o n t h e o p t i c t r a c t s w o u l d s e e m t o sugges t , 

b u t w e s t i l l h a v e a c l i n i c a l f a c t t o e x p l a i n , v i z . , t h a t h e m i 

a n o p s i a does s o m e t i m e s o c c u r w i t h a t t a c k s o f h e m i p l e g i a . 

F e r r i e r s ta tes p o s i t i v e l y t h a t , i n s u c h cases as t he se , w e m a y 

c o n c l u d e t h a t t h e l e s i o n m u s t b e e i t h e r s i t u a t e d b e l o w t h e 

c e r e b r a l c o r t e x , o r e x e r t i t s i n f l u e n c e b e l o w t h e c o r t e x , i n 

case i t b e c o n t a i n e d w i t h i n i t . T h e a n g u l a r g y r u s , ' w h i c h i s 

n o w c o n s i d e r e d as t h e p r o b a b l e c e n t e r o f v i s i o n , does n o t 

s eem t o e x e r t a n y i n f l u e n c e u p o n t h e m o t o r a p p a r a t u s , as i s 

s h o w n b y i t s d e s t r u c t i o n i n a n i m a l s . 

T h e O C C I P I T A L L O B E S o f t h e c e r e b r u m h a v e b e e n s t a t e d t o 

b e p r o p e r l y i n c l u d e d a m o n g t h e s e n s o r y r e g i o n s o f t h e c o r t e x . 

E x p e r i m e n t s o f s e c t i o n , o r e v e n o f c o m p l e t e r e m o v a l o f these 

l o b e s o f o n e o r b o t h s ides , h o w e v e r , f a i l t o s h o w a n y e f f e c t 

1 Violet has a still smaller field, but it is not shown upon the chart. 
2 " La France Medicale," 1877. 
3 Any inter-cranial lesion which acts in such a way as to increase the intra-cranial 

pressure may produce (in addition to other symptoms) the condition known as " choked 
disk," or a neuro-retinitis. 

4 The reader is referred to the lecture on the optic nerve for further information upon 
this point. 
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u p o n s e n s o r y o r m o t o r f u n c t i o n s . So n e g a t i v e , i n d e e d , arc 

t h e s e r e s u l t s t h a t n o d i s t u r b a n c e o f t a s t e , h e a r i n g , t o u c h , 

s m e l l , o r s i g h t 1 h a s b e e n p o s i t i v e l y p r o d u c e d . I t i s f r o m t h e 

a b s e n c e o f p o s i t i v e e x p e r i m e n t a l d e d u c t i o n as t o t h e s e l o b e s 

t h a t t h e d i s t r i b u t i o n o f t h e d e c u s s a t i n g l i b e r s o f t h e optic 

tracts t o t h e o c c i p i t a l l o b e s m a y b e y e t c o n s i d e r e d as q u e s 

t i o n a b l e , a l t h o u g h s u c h a n a n a t o m i c a l d i s t r i b u t i o n i s s t a t e d , 

b y m a n y l a t e a u t h o r s , 2 t o b e c a p a b l e o f v e r i f i c a t i o n . 

C e r t a i n c l i n i c a l f a c t s , h o w e v e r , s e e m t o w a r r a n t t h e b e l i e f 

t h a t t h e o c c i p i t a l l o b e s a r e a s s o c i a t e d w i t h m o r e a p p a r e n t 

mental derangement t h a n t h e f r o n t a l o r t e m p o r o - s p h e n o i d a l 

l o b e s , i n case t h e y b e t h e s ea t o f d i sease , a n d t h e c o n c l u s i o n 

o f F e r r i e r 3 i s t h u s s t a t e d , as a n h y p o t h e s i s : " T h e o c c i p i t a l 

l o b e s a r e s p e c i a l l y r e l a t e d t o t h e v i s c e r a l s e n s i b i l i t i e s , a n d a r e 

t h e a n a t o m i c a l s u b - s t r a t a o f t h e c o r r e l a t i v e f e e l i n g s w h i c h 

f o r m a l a r g e p o r t i o n o f o u r p e r s o n a l i t y a n d s u b j e c t i v i t y . " I t 

i s c l a i m e d b y H u g h l i n g s - J a c k s o n t h a t i r r i t a t i v e l e s i o n s o f t h e 

o c c i p i t a l l o b e s g i v e r i s e t o colored perception o f o b j e c t s a n d 

o t h e r o c u l a r s p e c t r a , a n d h e f u r t h e r s t a t e s t h a t s u c h e v i d e n c e s 

o f d e f e c t i v e p e r c e p t i o n a r e m o r e c o m m o n w h e n t h e l e s i o n 

a f f e c t s t h e r i g h t s i d e . 

T h e T E M P O R O - S P H E N O I D A L L O B E S a r e s i t u a t e d b e t w e e n t h e 

m o t o r a r ea , i n f r o n t , a n d t h e o c c i p i t a l l o b e , b e h i n d . T h e f o l 

l o w i n g d e d u c t i o n s h a v e b e e n d r a w n , b y e x p e r i m e n t a l r e 

s e a r c h , as t o t h e s p e c i a l f u n c t i o n s o f t h i s l o b e a n d s o m e o f 

t h e a d j o i n i n g c o n v o l u t i o n s , w h i c h w i l l r e q u i r e s e p a r a t e c o n 

s i d e r a t i o n : 

T h e a p p a r e n t c o n n e c t i o n o f t h i s r e g i o n w i t h t h e s p e c i a l 

sense o f vision h a s b e e n n o t i c e d b y H i t z i g , G o l t z , a n d M c K e n -

d r i c k , t h e t w o f o r m e r o f w h o m c o n f i n e d t h e i r e x p e r i m e n t s t o 

t h e d o g spec i e s , w h i l e t h e l a t t e r o p e r a t e d e x c l u s i v e l y u p o n 

p i g e o n s . F e r r i e r , 4 h o w e v e r , f r o m a b e l i e f t h a t o t h e r f u n c t i o n s 

c o u l d b e d e m o n s t r a t e d as p e r t a i n i n g t o t h i s l o c a l i t y , a n d f r o m 

1 Munk claims to have positively proved an association of the occipital lobe with vis
ion, but his experiments have not, as yet, been fully substantiated. 

s Researches of Ferrier, Yeo, Dalton, and others. 
3 " Localization of Cerebral Disease." 
4 Op. cit,, Ferrier and Yeo, "Brain," 1SS0 ; Exner, "Brain," October, 18S0. 
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d i s b e l i e f i n t h e m e t h o d p u r s u e d b y G-ol tz , 1 as a d a p t e d t o t h e 

r e q u i r e m e n t s o f e x p e r i m e n t a l r e s e a r c h c o n c e r n i n g t h e f u n c 

t i o n s o f l i m i t e d a reas o f t h e c o r t e x , m a d e a se r ies o f e x p e r i 

m e n t s u p o n t h e b r a i n s o f m o n k e y s , a n d c l a i m s t o h a v e es tab

l i s h e d s o m e n e w p o i n t s o f p h y s i o l o g i c a l i n t e r e s t , a n d , p o s s i b l y , 

o f p r a c t i c a l v a l u e i n c e r e b r a l l o c a l i z a t i o n . 

T h e c o n c l u s i o n s w h i c h w e r e d r a w n as t h e r e s u l t s o f t h e 

l a b o r s o f t h i s l e a r n e d a n d o r i g i n a l i n v e s t i g a t o r m a y b e t h u s 

s u m m a r i z e d : 

1 . I n t h e angular gyrus2 i s s i t u a t e d a c e n t e r , w h i c h 

causes, o n e l e c t r i c i r r i t a t i o n , c e r t a i n movements of the eyes, 

pupils, and head, b u t w h o s e d e s t r u c t i o n c r ea t e s n o e v i d e n c e 

o f m o t o r p a r a l y s i s i n t h e m u s c l e s o f e i t h e r t h e e y e , i t s l i d s , o r 

t h e p u p i l . U n i l a t e r a l d e s t r u c t i o n , h o w e v e r , o f t h i s c e n t e r 

causes b l i n d n e s s o f t h e o p p o s i t e e y e , w h i c h p r o v e s b u t t e m 

p o r a r y ; w h i l e t h e d e s t r u c t i o n o f both sides causes a perma

nent loss of sight i n b o t h e y e s . 3 I t t h u s a p p e a r s t h a t t h e 

c e n t e r o f e i t h e r s i d e i s , t o s o m e e x t e n t , c o n n e c t e d w i t h b o t h 

eyes . 

2 . I n t h e superior temporo-sphenoidal convolution" i s 

f o u n d t o e x i s t a c e n t e r w h i c h , u n d e r g a l v a n i c s t i m u l a t i o n , 

c rea tes a t w i t c h i n g o f t h e o p p o s i t e ea r a n d a modification in 

hearing o f t h e o p p o s i t e s i de , b u t w h i c h i t w a s f o u n d d i f f i c u l t 

t o f u l l y a s c e r t a i n o n a c c o u n t o f t h e a n i m a l n o t b e i n g a b l e t o 

e x h i b i t a p p r e c i a t i o n o f m o d i f i c a t i o n o f t h a t s p e c i a l sense. A s 

i n t h e p r e c e d i n g cen t e r , d e s t r u c t i o n o f t h i s c o n v o l u t i o n , u p o n 

o n e s i de , c a u s e d s o m e a b n o r m a l i t y o f h e a r i n g ; a n d , w h e n 

both sides were destroyed, t h e a n i m a l b e c a m e totally d e a f , 

b u t n o m o t o r p a r a l y s i s c o u l d b e d i s c o v e r e d i n e i t h e r case. 

3. I n t h e lower extremity o f t h e l o b e p r e v i o u s l y d e s i g 

n a t e d , a c e n t e r w a s f o u n d w h i c h s e e m e d t o e x e r t a n i n f l u e n c e 

u p o n t h e special sense of smell, a n d a l so m o t i o n s o f t h e nos -

1 That of trephining over the spot selected for investigation, and washing away the 
brain by a forcible stream of water. 

'2 Regions marked 18 in Fig. 15 of this volume. 
3 The experiments of Munk, Luciani, Tamburini, Ferrier, Yeo, Dalton, and others, upon 

these centers leave the field, as yet, a matter for further investigation. 
4 Sec diagrammatic cut on page 39 of this volume; regions marked 14. 
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t r i l a n d h e a d w h i c h i n d i c a t e d e x c i t a t i o n o f t h a t sense . I n 

t h e r e g i o n s a d j a c e n t t o t h i s c o n v o l u t i o n t h e s p e c i a l sense of 

taste b e c a m e a f f e c t e d w h e n d e s t r o y e d ; a n d , w h e n t h e c o n v o 

l u t i o n a n d t h e a d j a c e n t r e g i o n w e r e d e s t r o y e d , u p o n b o t h 

s i d e s , taste and smell loere utterly lost. I n r e g a r d a l s o t o 

t h e s e t w o c e n t e r s , u n i l a t e r a l d e s t r u c t i o n c r e a t e d t h e m o s t 

m a r k e d e f f e c t s u p o n t h e s i d e o p p o s i t e t o t h e l e s i o n , w h i l e 

a b i l a t e r a l d e s t r u c t i o n a b o l i s h e d t h e sense a l t o g e t h e r . 

4 . I n t h e region of the hippocampus s o m e e v i d e n c e w a s 

g i v e n o f t h e c o n t r o l o v e r tactile sensation, b u t t h e s i t u a t i o n 

c 

FIG. 17.—A diagram illustrating the course of nerve impidses in the cerebrum. (After Dodds.) 
A, the motor regions of the cerebral cortex, represented by arrow-heads; B, the sensory 

regions of the cerebral cortex, represented by circles; C, commissural fibers, con
necting the two regions of the cortex (probable, but not positively demonstrated); 
D, sensory nerve fibers, the arrow showing the centripetal direction of the impulse; 
E, motor nerve fibers, the arrow showing the centrifugal direction of the impulse; 
C. S, " corpus striatum " (the probable motor ganglion at the base of the cerebrum); 
0. T, "optic thalamus'1'' (the probable sensory ganglion at the base of the cerebrum); 
1, a few sensory fibers, possibly connected with the "corpus striatum"; 2, a few 
motor fibers, possibly connected with the " optic thalamus." 

of the part rendered experiment upon it difficult, and some

w h a t less p o s i t i v e t h a n t h o s e u p o n t h e a reas p r e v i o u s l y d i s 

c u s s e d . a 
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I t i s t o be r e g r e t t e d t h a t t h e c o n c l u s i o n s o f t h i s a u t h o r as 

t o t h e s i t u a t i o n o f t h e s e s p e c i a l c e n t e r s i n t h e s e n s o r y r e g i o n s 

o f t h e c e r e b r u m s h o u l d n o t be as p o s i t i v e l y s u s t a i n e d b y c l i n 

i c a l a n d p a t h o l o g i c a l f a c t s as w e r e t h e c o n c l u s i o n s d r a w n 

f r o m e x p e r i m e n t a l r e s e a r c h u p o n t h e m o t o r a r e a o f t h e b r a i n 

o f t h e m o n k e y t r i b e . F e r r i e r e n d e a v o r s t o e x p l a i n t h e d i s 

c r e p a n c y b e t w e e n t h e f a c t s o b t a i n e d b y e x p e r i m e n t a n d t h o s e 

a f f o r d e d b y d isease o f t h e s a m e r e g i o n s i n t h e h u m a n b r a i n , 

b y t h e h y p o t h e s i s t h a t t h e special senses m a y b e g o v e r n e d 

b y a bilateral r a t h e r t h a n a u n i l a t e r a l i m p u l s e , as t h e e x 

p e r i m e n t a l f a c t s p e r t a i n i n g t o t h e s p e c i a l senses o f s i g h t a n d 

h e a r i n g s eem t o w a r r a n t , a n d t h i s h a s n o t , as y e t , b e e n d i s 

p r o v e d , s i n c e a l l o f t h e cases r e c o r d e d h a v e b e e n o f a u n i 

l a t e r a l c h a r a c t e r . 

T o w h a t e x t e n t t h e s e p h y s i o l o g i c a l s u b d i v i s i o n s o f t h e 

s e n s o r y a r ea o f t h e c e r e b r u m m a y b e r e g a r d e d as o f p r a c 

t i c a l u t i l i t y i n d i a g n o s i s c a n h a r d l y b e d e t e r m i n e d , as t h e 

f i e l d i s s t i l l a n e w one , a n d t h e c o l l e c t i o n o f c l i n i c a l a n d 

p a t h o l o g i c a l r e c o r d s i s i n s u f f i c i e n t f o r a ba s i s o f p o s i t i v e de

d u c t i o n . 

THE COEPUS STRIATUM AND OPTIC THALAMUS. 

These two bodies, which are called the "basal ganglia" 

o f e a c h c e r e b r a l h e m i s p h e r e , a r e u n d o u b t e d l y a m e a n s o f 

c o m m u n i c a t i o n b e t w e e n t h e g r a y m a t t e r o f t h e c o n v o l u t i o n s 

a n d t h e f i b e r s o f t h e c r u r a c e r e b r i . W h i l e i t c a n n o t b e de

n i e d t h a t s o m e o f t h e f i b e r s o f t h e i n t e r n a l c a p s u l e a r e i n n o 

w a y c o n n e c t e d w i t h t h e s e g a n g l i a , a n d t h a t a p o r t i o n o f t h e 

fibers w h i c h pass t h r o u g h t h e m o n t h e w a y t o t h e c o n v o l u 

t i o n s a r e a p p a r e n t l y i n d e p e n d e n t o f t h e n e r v e c e l l s o f t hese 

g a n g l i a , s t i l l t h e g r e a t e r p r o p o r t i o n o f t h e peduncular fibers 

o f t h e c e r e b r u m a r e u n d o u b t e d l y indirectly c o n n e c t e d w i t h 

t h e g r a y m a t t e r o f t h e c o n v o l u t i o n s , b e i n g i n t i m a t e l y asso

c i a t e d w i t h t h e n e r v e c e l l s o f w h i c h e v e r o f t h e b a s a l g a n g l i a 

t h e y a r e o b l i g e d t o pass t h r o u g h , i n o r d e r t o r e a c h t h e e x 

t e r i o r p o r t i o n s o f t h e h e m i s p h e r e s . 
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I t i s t h u s a f f i r m e d , b y m a n y o f o u r l a t e r p h y s i o l o g i s t s , t h a t 

t h e s e g a n g l i a a c t i n t h e c a p a c i t y o f middle-men b e t w e e n t h e 

g r a y m a t t e r o f t h e c o n v o l u t i o n s a n d t h e r e s t o f t h e c o m p o n e n t 

p a r t s o f t h e b r a i n , a n d t h a t t h e y e x e r c i s e a n i m p o r t a n t i n f l u 

e n c e i n m e d i a t i n g b e t w e e n t h e p s y c h i c a l o p e r a t i o n s o f t h e c o r 

t e x a n d t h e m o t o - s e n s o r y f u n c t i o n s o f t h e r e m a i n i n g p a r t s . 

FIG. 18.— Corpora striata. (Sappey.) 
1, fifth ventricle; 2, the two laminae of the septum lucidum meeting in front of the fifth 

ventricle; 3, hippocampus minor; 4, posterior portion of the corpus callosum; 5, 
middle portion of the fornix; 6, posterior pillar of the fornix; 7, hippocampus major; 
8, eminentia collateralis; 9, lateral portions of the fornix; 10, choroid plexus; 11, 
taenia semicircularis; 12. corpus striatum. 

From the statement in previous lectures of the experimen

t a l a n d c l i n i c a l d e d u c t i o n s as t o t h e v a r i o u s p o r t i o n s o f t h e 

c o r t e x , w e m a y b e a b l e n o w t o u s e w i t h p r o f i t t h e tioo axioms 

w h i c h F o s t e r , 1 i n h i s w o r k u p o n p h y s i o l o g y , l a y s d o w n as t o 

t h e g e n e r a l p l a n o f a c t i o n o f t h e b r a i n i n a l l i t s d i f f e r e n t p a r t s . 

T h u s , h e s a y s : " T h e p r e c e d i n g d i s c u s s i o n s e n a b l e u s t o l a y 

d o w n t w o b r o a d p r o p o s i t i o n s : 

1 Mich. Foster, " A Text-Book of Physiology." London, 1878. 
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" 1 . T h e f u n c t i o n s o f t h e c e r e b r a l c o n v o l u t i o n s a r e emi

nently psychical i n n a t u r e ; t hese p a r t s i n t e r v e n e o n l y i n t h o s e 

o p e r a t i o n s o f t h e n e r v o u s s y s t e m i n w h i c h a n intelligent con

sciousness a n d volition p l a y a p a r t . 
1 ' 2. T h e h i n d e r p a r t s o f t h e b r a i n , v i z . , t h e c o r p o r a q u a d 

r i g e m i n a , c r u r a c e r e b r i , p o n s V a r o l i i , c e r e b e l l u m , a n d m e d u l l a 

o b l o n g a t a , a r e c a p a b l e b y t h e m s e l v e s o f c a r r y i n g i n t o e x e c u 

t i o n complex movements, t h e c o o r d i n a t i o n o f w h i c h i m p l i e s 

v e r y c o n s i d e r a b l e e l a b o r a t i o n o f a f f e r e n t i m p u l s e s ; a n d t h e y 

c a n , i n t h e case o f a n i m a l s , e v e n d o t h i s w i t h t h e t o t a l ab

sence o f t h e c e r e b r a l h e m i s p h e r e s , c o r p o r a s t r i a t a , a n d o p t i c 

t h a l a m i . " 

T h e h y p o t h e s i s , w h i c h w a s l o n g s i nce a d v a n c e d b y Car 

p e n t e r 1 a n d a l so b y T o d d , 2 t h a t t h e c o r p u s s t r i a t u m i s 

c a l l e d i n t o a c t i o n i n t h e d o w n w a r d t r a n s m i s s i o n o f motor 

impulses t o t h e o p p o s i t e s i d e o f t h e b o d y , a n d t h a t t h e 

o p t i c t h a l a m u s w a s t h e c e n t e r o f e l a b o r a t i o n a n d t r a n s m i s s i o n 

u p w a r d o f sensory impressions, seems t o b e a c c e p t e d as 

p r o v e n b y s o m e a u t h o r s , w h i l e o t h e r s a r e i n c l i n e d t o r e g a r d 

i t , i n t h e l i g h t o f i m p e r f e c t e v i d e n c e , as a p l e a s i n g b u t specu 

l a t i v e t h e o r y . T h e d i s t r i b u t i o n o f t h e f i b e r s o f t h e c r u s 

c e r e b r i c e r t a i n l y p o i n t s s t r o n g l y t o t h e c o r p u s s t r i a t u m as a 

motor g a n g l i o n , a n d t o t h e o p t i c t h a l a m u s as o n e d e s t i n e d t o 

p r e s i d e o v e r sensory i m p u l s e s . 

T h e r e s u l t s o f e x p e r i m e n t a l i n v e s t i g a t i o n as t o t h e c o r p o r a 

s t r i a t a 3 c a n h a r d l y b e s a i d t o w a r r a n t a n y p o s i t i v e d e d u c t i o n s . 

I n s o m e i n s t a n c e s , t h e e n t i r e r e m o v a l o f t h e s e g a n g l i a r e s u l t e d 

i n n o loss o f e i t h e r s e n s a t i o n o r m o t i o n , a l t h o u g h i t i s a w e l l -

r e c o g n i z e d c l i n i c a l f a c t t h a t h e m o r r h a g e i n t o t h i s g a n g l i o n 

causes h e m i p l e g i a o f t h e o p p o s i t e s i d e . 4 I t w o u l d s e e m a l so 

t h a t c o n v u l s i o n s a r e m o r e f r e q u e n t l y p r o d u c e d b y l e s i o n s c o n 

f i n e d t o t h e c o r p o r a s t r i a t a t h a n w h e n a f f e c t i n g t h e o p t i c t h a -

1 W. B. Carpenter, " Principles of Human Physiology." 
2 Todd and Bowman, " Physiological Anatomy." 
3 The corpus striatum of each hemisphere taken collectively; hence the plural termi

nation. 
4 Probably the pressure created upon the anterior part of the internal capsule explains 

these phenomena. (See Fig. 8.) 
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l a m i , a n d t h e s e c o n v u l s i v e m o v e m e n t s a r e g e n e r a l l y c r o s s e d , 

l i k e t h e p a r a l y s i s o f m o t i o n , i n case o f h e m o r r h a g e . B o t h F e r 

r i e r 1 a n d B u r d o n - S a n d e r s o n 2 f o u n d t h a t g a l v a n i c s t i m u l a t i o n 

o f t h e c o r p u s s t r i a t u m c o u l d b e m a d e t o p r o d u c e c o n v u l s i v e 

m o v e m e n t s , a n d o c c a s i o n a l l y a c o n d i t i o n o f c o m p l e t e pleuros-

tltotonos o f t h e o p p o s i t e s i d e . 

T h e t w o p o r t i o n s o f t h e c o r p u s s t r i a t u m w h i c h a r e n o w 

r e c o g n i z e d , v i z . , t h e v e n t r i c u l a r p o r t i o n 3 a n d t h e l e n t i c u l a r 

n u c l e u s , h a v e b o t h b e e n t h e s u b j e c t o f s p e c i a l i n v e s t i g a t i o n 

b y N o t h n a g e l ; 4 b u t , w h i l e n e i t h e r s e e m e d t o b e c o n c e r n e d i n 

t h e p e r c e p t i o n o f s e n s o r y i m p r e s s i o n s , n o t h i n g o f a p o s i t i v e 

c h a r a c t e r as r e g a r d s t h e f u n c t i o n s o f t h e t w o p o r t i o n s w a s 

p r o v e n , a l t h o u g h t h e v e n t r i c u l a r p o r t i o n s e e m e d t o s h o w less 

e f f e c t u p o n v o l u n t a r y m o t i o n t h a n t h e l e n t i c u l a r n u c l e u s , 

w h e n b o t h s i d e s w e r e d e s t r o y e d . 

T h e o p t i c t h a l a m i w e r e o n c e s u p p o s e d t o b e t h e c h i e f g a n 

g l i a o f v i s i o n , b u t t h a t t h i s i s a n e r r o r i n v e s t i g a t i o n seems t o 

h a v e p a r t l y p r o v e n . L o n g e t 5 h a s s u c c e e d e d i n d e s t r o y i n g 

t h e m u p o n t h e t w o s i de s , a n d h a s b e e n u n a b l e t o n o t e a n y 

i m p a i r m e n t i n v i s i o n o r i n f l u e n c e u p o n t h e m o v e m e n t s o f t h e 

p u p i l ; b u t L u s a n n a a n d L e m o i g n e 6 s t a t e t h a t b l i n d n e s s o f 

t h e o p p o s i t e e y e f o l l o w e d d e s t r u c t i o n o f t h e g a n g l i o n u p o n 

o n e s i d e o n l y . 

Cases o f c e r e b r a l h e m o r r h a g e t h r o w b u t l i t t l e l i g h t u p o n 

t h e f u n c t i o n o f t h e s e g a n g l i a , s i n c e t h e d e s t r u c t i o n o f b r a i n 

t i s s u e i s s e l d o m , i f eve r , c o n f i n e d t o t h e s e g a n g l i a o n l y , a n d , 

i n t h o s e cases w h e r e i t s l i m i t s w e r e n e a r l y c o n f i n e d t o t h i s 

r e g i o n , p a r a l y s i s o f s e n s a t i o n o f t h e o p p o s i t e h a l f o f t h e b o d y 

h a s b e e n n o t i c e d w i t h o u t a c t u a l l o s s o f m o t i o n u p o n t h a t 

s i de , a l t h o u g h t h e m o v e m e n t s m a y h a v e b e e n s o m e w h a t e n 

f e e b l e d . 7 

1 "Functions of the Brain," Xew York, 1S79. 
2 "Proc. Roy. Soc," 1875. 
3 Another name for the " caudate nucleus " of the corpus striatum. 
4 Virchow's " Archiv," 1S73. This observer used injections of chromic acid into the 

lenticular nucleus, and destroyed the caudate nucleus by means of a special instrument. 
5 " Traite de Physiologic" 
6 "Fistologia die Centri Xervosi Encefalici," 1871. 
1 Brown-Sequard, "Archiv. de Physiol.," 1877. 
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THE CORPORA QUADRIGEMINA. 

T h e e x p e r i m e n t s o f A d a m i i k , 1 b y w h i c h h e e n d e a v o r e d t o 

p r o v e t h e e x i s t e n c e o f a c e n t e r o r a c o l l e c t i o n o f c e n t e r s i n t h e 

na te s , w h o s e f u n c t i o n w a s t o c o n t r o l t h e m o v e m e n t s o f t h e 

e y e b a l l , w i l l b e c o n s i d e r e d i n c o n n e c t i o n w i t h t h e m o t o r o c u l i 

n e r v e . 2 T h e y s eem t o b e s u b s t a n t i a t e d i n g r e a t m e a s u r e b y 

H e n s e n , V o e l k e r s , a n d K n o l l ; a n d t h a t a c e n t e r a l s o e x i s t s 

i n t h e n a t e s w h i c h c o n t r a c t s t h e p u p i l i s q u i t e as p o s i t i v e l y 

a s c e r t a i n e d . T h i s a r r a n g e m e n t i s i n a c c o r d a n c e w i t h t h e w i s e 

p r o v i s i o n s o f n a t u r e , s ince t h e m o v e m e n t s o f t h e e y e b a l l a n d 

t h e p u p i l ( w h i c h a r e c o n s t a n t l y a s s o c i a t e d ) a r e t h u s c o n t r o l l e d 

b y c e n t e r s i n c lose p r o x i m i t y t o e a c h o t h e r . 

T h e e x p e r i m e n t s o f H e n s e n , 3 a n d a l s o o f V o e l k e r s , 4 s eem 

t o p o i n t t o t h e aqueduct of Sylvius, w h i c h l i e s i m m e d i 

a t e l y u n d e r n e a t h t h e t u b e r c u l a q u a d r i g e m i n a , as t h e e x a c t 

seat o f t he se cen t e r s , s i n c e s t i m u l a t i o n o f t h e d e e p p o r 

t i o n s o f t h e n a t e s a f t e r s e c t i o n p r o d u c e s m o r e u n i f o r m re 

s u l t s t h a n c o u l d b e o b t a i n e d b e f o r e t h e d e e p e r p a r t s w e r e 

e x p o s e d . 

D e s t r u c t i o n o f e i t h e r s i de , i n t h e r e g i o n o f t he se g a n g l i a , 

p r o d u c e s b l i n d n e s s o f t h e o p p o s i t e e y e ; b u t t h e a n i m a l c a n 

see, e v e n a f t e r t h e c e r e b r a l h e m i s p h e r e s h a v e b e e n r e m o v e d , 

i n case t h e t u b e r c u l a q u a d r i g e m i n a a r e l e f t i n t a c t . T h i s l a t t e r 

s t a t e m e n t seems s o m e w h a t a t v a r i a n c e w i t h t h e r e s u l t s o f 

e x p e r i m e n t s o f F e r r i e r u p o n t h e angular gyrus, as g i v e n i n 

a p r e v i o u s l e c t u r e o f t h i s c o u r s e , i n w h i c h v i s i o n w a s u t t e r l y 

l o s t w h e n b o t h s ides w e r e d e s t r o y e d ; b u t i t o n l y goes t o s h o w 

t h a t t h e c e r e b r a l h e m i s p h e r e s a r e i n s o m e w a y c o n n e c t e d w i t h 

t h e t u b e r c u l a q u a d r i g e m i n a i n t h e p e r c e p t i o n s g a i n e d b y 

s i g h t , s ince , w h e n t h e h e m i s p h e r e s a r e r e m o v e d , a n a p p a r e n t l y 

c r u d e v i s i o n r e m a i n s . 

T h e sense o f s i g h t h a s a m a r k e d e f f e c t u p o n t h e . c o o r d i n a -

1 "CM. med. Wiss.," 1870. 
2 Sec later pages of this volume. 
3 "Archiv. f. Ophthalmol.," 1878. 
4 Ibid., 1878. 
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t i o n o f m o v e m e n t , 1 a n d t h e d i s c o v e r y o f F l o u r e n s , 2 t h a t t h e 

r e m o v a l o f t h e t u b e r c u l a q u a d r i g e m i n a c r e a t e d i m p a i r m e n t o f 

t h i s p o w e r , s u s t a i n s t h e b e l i e f t h a t t h e g a n g l i o n o f v i s i o n 

m u s t b e i n s o m e w a y a s s o c i a t e d e i t h e r w i t h t h e c e r e b e l l u m , 

c r u r a , o r p o n s V a r o l i i , i n t h e i r e f f e c t s u p o n c o o r d i n a t i o n o f 

m u s c u l a r m o v e m e n t s . 

THE CRURA CEREBRI AND PONS VAROLII. 

These parts form the larger portion of the meso-cephalon, 

a n d a r e a b u n d a n t l y s u p p l i e d w i t h g r a y m a t t e r , w h i c h seems 

t o b e m i x e d t h r o u g h o u t i t s i n t e r i o r . W e t h u s i n f e r t h a t t h e s e 

p a r t s h a v e s o m e i n d i v i d u a l f u n c t i o n s , i n a d d i t i o n t o b e i n g 

s i m p l y c o n n e c t i n g c o m m i s s u r e s b e t w e e n t h e u p p e r p a r t s o f 

t h e b r a i n a n d s p i n a l c o r d , b u t w h a t t h e s e f u n c t i o n s a r e i t i s 

d i f f i c u l t , a t p r e s e n t , t o s a y . B o t h o f t h e s e r e g i o n s a r e u n q u e s 

t i o n a b l y c o n n e c t e d i n s o m e w a y w i t h t h e p o w e r o f c o o r d i n a 

t i o n o f m u s c u l a r m o v e m e n t , s i n c e s e c t i o n o f e i t h e r o f t h e m 

r e s u l t s i n m a r k e d d i s o r d e r o f t h i s f u n c t i o n , a n d o f t e n i n u n 

n a t u r a l a n d f o r c e d m o v e m e n t s . 

T h e f a c t t h a t s o m e o f t h e n e r v e f i b e r s d e c u s s a t e i n t h e s e 

r e g i o n s seems p r o v e n b y c l i n i c a l e v i d e n c e , s i n c e l e s i o n s o f t h e 

p o n s V a r o l i i o f t e n j v r o d u c e paralysis of the facial nerve u p o n 

t h e s a m e s i d e as t h e l e s i o n , w h i l e t h e o p p o s i t e s i d e o f t h e b o d y 

i s a f f e c t e d b e l o w t h e f a c e . 3 

T h e f a c i a l n e r v e m a k e s i t s e x i t f r o m t h e s i d e o f t h e m e 

d u l l a o b l o n g a t a ; s o m e o f i t s r o o t s o f o r i g i n c a n b e t r a c e d as f a r 

as t h e f l o o r o f t h e f o u r t h v e n t r i c l e , o t h e r s c o m e f r o m t h e l o w e r 

p a r t o f t h e m e d u l l a o b l o n g a t a , a n d o t h e r s d e s c e n d f r o m t h e 

1 This subject is quite fully discussed in connection with the optic nerve. 
2 " Recherches experimentales sur les proprietes et les fonctions du systeme nerveux," 

1845. 
3 This class of paralysis, where certain cranial nerves arc paralyzed on the same side 

as the existing lesion, while the body is rendered hemiplegic on the opposite side, is 
called " crossed paralysis" (the " paralysie alterne " of the French). I t presents several 
types depending upon the cranial nerve affected ; hence the so-called third nerve (motor 
oculi) and body type, the fifth nerve (trigeminus) and body type, the seventh nerve (facial) 
and body type. Professor Romberg of Berlin and Gubler of Paris have done much to 
elucidate the clear appreciation of this complex form of paralysis and the mechanism of 
its production. 
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u p p e r b o r d e r o f t h e p o n s V a r o l i i , w h e r e t h e y p r o b a b l y d e c u s 

sate . N o w , a l e s i o n e x i s t i n g i n a l a t e r a l h a l f o f t h e p o n s V a 

r o l i i w i l l , t h e r e f o r e , p r o d u c e a p a r a l y s i s o f t h e c o r r e s p o n d i n g 

f a c i a l n e r v e a n d o f t h e o p p o s i t e s p i n a l n e r v e s ; w h e r e a s , i f i t 

o c c u r a b o v e t h e p o i n t o f d e c u s s a t i o n o f t h e e n c e p h a l i c fibers, 

t h e p a r a l y s i s w i l l b e o n t h e o p p o s i t e s i d e f o r a l l p a r t s o f t h e 

b o d y . T h e s e f a c t s a r e s h o w n 

i n t h e a c c o m p a n y i n g d i a g r a m 

( F i g . 19 ) . 

I t i s o b v i o u s , f r o m a s t u d y 

o f t h i s d i a g r a m , t h a t a l e s i o n 

o f o n e l a t e r a l h a l f o f t h e p o n s 

( a t T) w i l l c ause p a r a l y s i s o f 

m o t i o n a n d o f s e n s i b i l i t y o f 

t h e o p p o s i t e s i d e o f t h e b o d y 

g e n e r a l l y , a n d o f t h e c o r r e 

s p o n d i n g s i d e o f t h e f a c e ; 

a n d t h a t a l e s i o n o f t h e h e m i 

s p h e r e ( a t m) w i l l p r o d u c e pa 

r a l y s i s o f t h e o p p o s i t e s i d e o f 

t h e f a c e a n d b o d y . 

A s w e m i g h t n a t u r a l l y ex 

p e c t f r o m t h e d i r e c t i o n o f t h e 

fibers o f t h e p o n s V a r o l i i , 

t h i s p o r t i o n o f t h e b r a i n ac t s 

as a d i r e c t c o n d u c t o r o f b o t h 

m o t o r a n d s e n s o r y i m p r e s s i o n s 

f r o m a n d t o t h e c e r e b r u m ; 

w h i l e t h e c o l l e c t i o n s o f g r a y 

m a t t e r w i t h i n i t s s u b s t a n c e 

p r o v e i t t o possess s o m e f u n c 

t i o n s o f i t s o w n w h i c h a r e 

i n d e p e n d e n t o f t h e s t i m u l a 

t i o n o f t h e c e r e b r a l c o r t e x . 

W i t h o u t e n t e r i n g i n t o t h e d i f f e r e n t e x p e r i m e n t s w h i c h h a v e 

b e e n m a d e t o d e t e r m i n e t h e e x a c t p a r t w h i c h t h i s p o r t i o n 

FIG. 19.—A diagram to illustrate the method 
of production of crossed paralysis. (After 
Hammond).1 

a, the left hemisphere ; &, right half of pons ; 
c, right half of medulla oblongata ; d, 
right half of spinal cord ; c, right facial 
nerve; f fiber of origin from nucleus 
in medulla oblongata; g, descending 
fiber decussating at upper border of 
pons; h, ascending fiber; i, sensory 
root of spinal nerve ; k, motor root of 
sensory nerve; /, lesion in pons; m, 
lesion in left hemisphere; n, paralyzed 
part supplied by facial nerve ; o, para
lyzed part supplied by spinal nerve. 

1 Hammond, " Diseases of the Nervous System." New York, 1876. 
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o f t h e m e s o - c e p h a l o n p l a y s i n t h e c o m p l e x m a c h i n e r y o f 

m o v e m e n t a n d s e n s a t i o n , i t s eems p r o b a b l e t h a t t h e p o n s 

V a r o l i i i s c a p a b l e o f o r i g i n a t i n g a s t i m u l u s w h i c h m a y g i v e 

r i s e t o v o l u n t a r y m o t i o n w i t h o u t t h e a i d o f t h e h e m i s p h e r e s , 

a n d t h a t i t p r o b a b l y r e g u l a t e s t h o s e a u t o m a t i c m o v e m e n t s 

w h i c h g o v e r n station a n d progression. T h e e x p e r i m e n t s o f 

V u l p i a n 1 a n d L o n g e t 2 a l s o s e e m t o p r o v e t h a t t h e sensation of 

pain i s p e r c e i v e d b y t h e p o n s V a r o l i i e v e n w h e n t h e c e r e b r u m 

a n d t h e b a s a l g a n g l i a a r e r e m o v e d , w h i c h , w h e n t h e s e p o r 

t i o n s a r e a l l o w e d t o r e m a i n , a r e p r o b a b l y t r a n s m i t t e d t o t h e 

h e m i s p h e r e s as s e n s a t i o n s , a n d a r e t h e r e r e m e m b e r e d . 

THE CEREBELLUM. 

T h e r e s eems t o b e a g r e a t e r c o n t r a d i c t i o n b e t w e e n t h e d e 

d u c t i o n s d r a w n f r o m t h e r e s u l t s o f e x p e r i m e n t u p o n t h e ce re -

FIG. 20.— Cerebellum and medulla oblongata. (Hirschfeld.) 
1, 1, corpus dentatum ; 2, tuber annulare ; 3, section of the middle peduncle ; 4, 4, 4, 4, 

4, lamina? forming the arbor vita?; 5, 5, olivary body of the medulla oblongata; 6, 
anterior pyramid of the medulla oblongata; 7, upper extremity of the spinal cord. 

bellum and the statistics of well-reported pathological ob

s e r v a t i o n t h a n e x i s t s w i t h a n y o f t h e o t h e r g a n g l i a o f t h e 

1 Op. cit. 2 Op. cit. 
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e n c e p h a l o n , s ince , a l t h o u g h t h e p o w e r o f g o v e r n i n g c o o r d i n a 

t i o n o f m u s c u l a r m o v e m e n t s has g e n e r a l l y b e e n a t t r i b u t e d t o 

i t b y m o s t p h y s i o l o g i s t s , cases a r e o n r e c o r d w h e r e t h e w h o l e 

g a n g l i o n h a s b e e n a l m o s t d e s t r o y e d b y d i sease i n m a n , a n d 

s t i l l n o m a r k e d e f f e c t u p o n c o o r d i n a t i o n h a s b e e n o b s e r v e d . 

T h e e x p e r i m e n t s o f F l o u r e n s , 1 B o u i l l a u d , 2 Y u l p i a n , 3 a n d 

o t h e r s seem, h o w e v e r , t o s h o w t h a t , w h i l e r e m o v a l o f a n y 

p o r t i o n o f t h e c e r e b e l l u m p r o d u c e s i n t e r f e r e n c e w i t h t h e co

o r d i n a t i n g p o w e r o v e r t h e v o l u n t a r y m u s c l e s , a recovery s t i l l 

t a k e s p l a c e , a f t e r a l a p s e o f t i m e , w i t h o u t a r e g e n e r a t i o n o f 

t h e s e v e r e d p o r t i o n ; a n d t h i s f a c t a l o n e m a y a s s i s t u s t o e x 

p l a i n h o w v e r y l a r g e p o r t i o n s o f t h e c e r e b e l l u m m a y b e g r a d u 

a l l y d e s t r o y e d b y d isease a n d t h e r e m a i n i n g p a r t a c q u i r e t h e 

p o w e r o f p e r f o r m i n g t h e n o r m a l f u n c t i o n o f t h e e n t i r e g a n 

g l i o n . T h u s A n d r a l 4 r e p o r t e d s o m e n i n e t y cases o f d i sease o f 

t h e c e r e b e l l u m , i n a l l o f w h i c h b u t o n e t h e s y m p t o m s w e r e 

n o t so w e l l m a r k e d as t o s u p p o r t t h e t h e o r y o f t h e c o o r d i n a 

t i n g f u n c t i o n o f t h a t g a n g l i o n , b u t , i n m a n y o f t h e s e cases, as 

p r o v e n b y F l i n t , 5 t h e c i r c u m s t a n c e s w a r r a n t e d n o p h y s i o l o g i c a l 

d e d u c t i o n w h a t e v e r , w h i l e i n o t h e r s t h e d e s t r u c t i o n w a s n o t 

m o r e e x t e n s i v e t h a n h a d f r e q u e n t l y b e e n m a d e o n a n i m a l s a n d 

r e c o v e r y o f t h e c o o r d i n a t i n g p o w e r b e e n p e r f e c t l y r e g a i n e d . 

T h e r e a r e c e r t a i n f a c t s w h i c h t e n d t o s h o w s o m e c o n n e c t i o n 

b e t w e e n t h e s e m i c i r c u l a r c a n a l s o f t h e ea r a n d t h e c e r e b e l l u m , 

a n d s o m e a u t h o r s h a v e e n d e a v o r e d t o p r o v e t h a t t h e e f f e c t s o f 

s e c t i o n o f t h e c e r e b e l l u m a r e d u e i n g r e a t m e a s u r e t o a ver

tigo p r o d u c e d s i m i l a r t o t h a t w h i c h e x i s t s i n t h e s o - c a l l e d 

" M e n i e r e ' s m a l a d y , " w h i c h i s d e p e n d e n t u p o n t h e ea r m e c h 

a n i s m . 6 T h e e x p e r i m e n t s o f P u r k i n j e o n t h e h u m a n c e r e b e l 

l u m , b y p a s s i n g t h e e l e c t r i c c u r r e n t t h r o u g h t h e h e a d f r o m 

ea r t o ear, s h o w e d a m a r k e d t y p e o f v e r t i g o t o e n s u e ; a n d a n 

o s c i l l a t i o n o f t h e eyes , w h i c h p e r f o r m a l l v a r i e t i e s o f m o v e 

m e n t , w a s o b s e r v e d b y H i t z i g 7 i n t h e s a m e c lass o f e x p e r i m e n t . 

1 Op. cit. 2 Op. cit. 3 Op. cit. 
4 " Cliniquc Medicale " Discussed and quoted in fu l l in the " Text-Book of Physiology," 

by A. Flint, Jr. 
6 A. Flint, Jr., " Text-Book of Physiology." New York, 1880. 
6 See lecture on the auditory nerve. 1 Op. cit. 
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N u m e r o u s a t t e m p t s h a v e b e e n m a d e t o c o n n e c t t h e ce re 

b e l l u m w i t h t h e s e x u a l f u n c t i o n s , b u t t h e r e s u l t s o f l a t e r e x 

p e r i m e n t s s e e m t o l o c a t e t h e c e n t e r o f t h e s e x u a l a p p e t i t e i n 

t h e s p i n a l c o r d , s o m e w h e r e i n t h e l u m b a r r e g i o n . 

S t i m u l a t i o n o f t h e c e r e b e l l u m h a s b e e n o b s e r v e d t o c r e a t e 

p e r i s t a l t i c m o v e m e n t s i n t h e o e s o p h a g u s a n d s t o m a c h , as 

s h o w n b y B u d g e , 1 a n d d i a b e t e s h a s b e e n o b s e r v e d t o f o l l o w 

g a l v a n i s m o f t h i s g a n g l i o n , b y E c k k a r d . 2 S o m e r e l a t i o n b e 

t w e e n t h e c e r e b e l l u m a n d t h e i n t e s t i n a l t r a c t s eems t o b e f u r 

t h e r d e m o n s t r a t e d b y t h e r e s e a r c h e s o f S c h i t f , w h o o b s e r v e d 

t h a t a f t e r i n j u r i e s t o t h e p e d u n c l e s o f t h e c e r e b e l l u m a n i n 

flammatory c o n d i t i o n o f t h e i n t e s t i n e f o l l o w e d , w h i c h w a s o f 

so a c u t e a t y p e as t o b e a c c o m p a n i e d w i t h h e m o r r h a g e . 

T h e h y p o t h e s i s o f M i t c h e l l , t h a t t h e c e r e b e l l u m i s t h e s t o r e 

h o u s e f o r n e r v o u s f o r c e f o r u s e i n e m e r g e n c i e s , i s p l a u s i b l e , 

f r o m t h e r e m a r k a b l y n u m e r o u s a n d i n t i m a t e c o n n e c t i o n s o f 

t h i s g a n g l i o n w i t h o t h e r p a r t s o f t h e n e r v o u s s y s t e m , b u t c a n 

n o t , as y e t , b e c o n s i d e r e d as p r o v e n . 

T h e c e r e b e l l u m i s r e m a r k a b l e f o r t h e n u m e r o u s c o n n e c t i o n s 

w h i c h e x i s t b e t w e e n i t a n d t h e o t h e r p a r t s o f t h e n e r v o u s s y s 

t e m . E a c h h e m i s p h e r e i s c o n n e c t e d w i t h t h e c a u d a t e n u c l e u s 

a n d t h e h e m i s p h e r e o f t h e c e r e b r u m o f t h e o p p o s i t e s i d e ; 

a l so , b y s p e c i a l fibers, w i t h t h e s u b s t a n c e o f t h e p o n s V a r o l i i 

a n d t h e d e e p e r p a r t s o f t h e m e s o - c e p h a l o n ( i n c l u d i n g i t s g r a y 

a n d w h i t e s u b s t a n c e ) ; a g a i n , w i t h t h e m e d u l l a o b l o n g a t a a n d 

t h e s p i n a l c o r d ; a n d , finally, t h e e x i s t e n c e o f c o m m i s s u r a l 

fibers c o n n e c t i n g t h e h e m i s p h e r e s o f t h e c e r e b e l l u m i s p r o b 

a b l e . T h e c l o s e r e l a t i o n w h i c h i t b e a r s ( 1 ) , t o t h e m e d u l l a , 

w h o s e n u m e r o u s c e n t e r s a r e d o u b t l e s s w e l l k n o w n t o y o u a l l ; 

(2 ) , t o t h e c o r p o r a q u a d r i g e m i n a a n d i t s c e n t e r g o v e r n i n g t h e 

v a s o - m o t o r f u n c t i o n , a n d h a v i n g a p o s s i b l e e f f e c t u p o n c o n 

v u l s i v e m o v e m e n t s ; ( 3 ) , t o t h e " t e g m e n t u m c r u r i s , " t h e g r e a t 

s e n s o r y t r a c t ; a n d ( 4 ) , p o s s i b l y t o t h e t h i r d , f o u r t h , a n d e i g h t h 

n e r v e s , 3 w h i c h h a v e b e e n t r a c e d b y s o m e o b s e r v e r s t o t h i s 

1 As quoted by Foster. 
Eckhard's " Beitriigc," 1878. 

3 This source of origin is as yet undecided. 
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g a n g l i o n , c e r t a i n l y s e e m t o p o i n t t o s o m e m o s t i m p o r t a n t 

f u n c t i o n s as l o c a t e d i n t h i s p a r t o f t h e b r a i n , b u t a t p r e s e n t 

l i t t l e c a n b e p o s i t i v e l y s t a t e d . 

T h e i n t i m a t e r e l a t i o n w h i c h t h i s g a n g l i o n b e a r s t o t he se 

p a r t s r e n d e r s i t a m a t t e r o f e x t r e m e d i f f i c u l t y t o d i s c r i m 

i n a t e , c l i n i c a l l y , b e t w e e n t h e r e s u l t s o f d i sease o f t h e c e r e b e l 

l u m a n d t h e e f f e c t s o f p r e s s u r e c r e a t e d u p o n a d j a c e n t r e g i o n s . 

W h e n w e c o n s i d e r h o w n e a r t h e g a n g l i a o f v i s i o n , t h e p o i n t s 

o f o r i g i n o f t h e t h i r d , f o u r t h , a n d s i x t h n e r v e s , a n d t h e v a r i o u s 

n u c l e i o f t h e f o u r t h v e n t r i c l e , a r e t o t h e c e r e b e l l u m , w e c a n u n 

d e r s t a n d w h y c a r e f u l o b s e r v e r s a r e l o a t h t o a c c e p t s y m p t o m s 

r e f e r a b l e t o t h e e y e o r ea r as p o s i t i v e e v i d e n c e o f c e r e b e l l a r 

d isease , a n d w h y v o m i t i n g , so o f t e n p r e s e n t , m a y n o t b e a t 

t r i b u t e d w i t h e q u a l f o r c e t o p r e s s u r e e x e r t e d u p o n t h e m e 

d u l l a o b l o n g a t a . I n p o i n t o f f a c t , w e c a n o n l y c o n s i d e r t h e 

s y m p t o m c a l l e d ' ' c e r e b e l l a r a t a x i a ' ' a n d t h e p r e s e n c e o f 

p a i n i n t h e o c c i p i t a l r e g i o n as o f p o s i t i v e v a l u e i n t h e d i a g 

n o s i s o f d i sease o f t h i s g a n g l i o n , a n d e v e n t h e s e m a y o f t e n 

b e absen t . 

W h e n t h e loss o r c o o r d i n a t i o n o f m o v e m e n t d e p e n d e n t 

u p o n d isease o f t h e c e r e b e l l u m i s w e l l m a r k e d , a p e c u l i a r i t y 

o f a t t i t u d e i n w a l k i n g , c a l l e d b y s o m e a u t h o r s " t i t u b a t i o n , " 

i s d e v e l o p e d . T h e p a t i e n t w a l k s w i t h t h e f e e t w i d e l y sepa

r a t e d ; t h e t r u n k i s u s u a l l y b e n t f o r w a r d a n d s w a y s c o n s t a n t l y ; 

w h i l e t h e h a n d s a n d a r m s a re u s e d t o p r e s e r v e t h e e q u i l i b r i u m 

o f t h e b o d y . T h e absence o f a l l s p a s m o d i c m o v e m e n t , o f t r e 

m o r , a n d o f t h e w a n t o f h a r m o n y b e t w e e n a n t a g o n i s t i c g r o u p s 

o f m u s c l e s , as seen i n t r u e a t a x i a , t e n d s t o d i s t i n g u i s h i t f r o m 

o t h e r f o r m s o f d isease . T h e u p p e r e x t r e m i t i e s a r e u s u a l l y 

f r e e f r o m t h i s i m p e r f e c t c o o r d i n a t i o n ; c l o s i n g o f t h e e y e s 

s o m e t i m e s inc reases t h e a t a x i c s y m p t o m s , b u t o f t e n f a i l s t o 

a f f e c t t h e m ; t h e r e c u m b e n t p o s i t i o n seems t o a r r e s t a l l s y m p 

t o m s o f i n c o o r d i n a t i o n ; a n d t h e g e n e r a l c o n d i t i o n c l o s e l y r e 

s e m b l e s t h a t o f a l c o h o l i c i n t o x i c a t i o n . T h e r e c e n t r e s e a r c h e s 

o f N o t h n a g e l , i n w h i c h h e p u b l i s h e s t h e a n a l y s i s o f o v e r t w o 

h u n d r e d a n d f i f t y cases, s e e m t o p o i n t t o t h e s u p e r i o r v e r m i 

f o r m p r o c e s s as t h e r e g i o n m o s t l i a b l e t o p r o d u c e t h i s t y p e o f 
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c \ y j 

a t a x i a . H e s t a t e s t h a t , i f t h e p a t i e n t b e b a r e f o o t , t h e t o e s 

w i l l b e s e e n t o b e i n a c t i v e m o t i o n ; t h a t t h e p a t i e n t w i l l b r i n g 

t h e f o o t t o t h e floor, s o m e t i m e s o n 

t h e h e e l a n d s o m e t i m e s o n t h e b a l l , 

i r r e s p e c t i v e o f i n t e n t i o n , t h u s g i v 

i n g a n i r r e g u l a r i t y t o t h e m o v e 

m e n t s o f t h a t m e m b e r ; t h a t t h e 

b o d y w i l l s w a y t o a n d f r o ; a n d 

t h a t t h e l e g s w i l l b e s e p a r a t e d i n 

o r d e r t o a f f o r d a d d i t i o n a l s e c u r i t y 

i n t h e s t a n d i n g o r w a l k i n g p o s i t i o n . 

THE MEDULLA OBLONGATA. 

This ganglion—the uppermost 

p o r t i o n o f t h e s p i n a l c o r d — i s t h e 

t r u e nerve center of animal l i f e , 

s i n c e i m m e d i a t e d e a t h f o l l o w s se

v e r e i n j u r y t o i t s s u b s t a n c e . T h e 

f a c t t h a t t h e s e v e n t h , e i g h t h , n i n t h , 

t e n t h , e l e v e n t h , a n d t w e l f t h n e r v e s 

a r i s e d i r e c t l y f r o m t h i s g a n g l i o n , 

a n d t h a t s o m e f i b e r s f r o m o t h e r 

o f t h e r e m a i n i n g s i x c r a n i a l n e r v e s 

c a n b e t r a c e d t o t h e c a v i t y o f t h e 

m e d u l l a — t h e f o u r t h v e n t r i c l e — 

se rves t o e x p l a i n t h e i m p o r t a n c e 

o f t h i s s p e c i a l n e r v e c e n t e r . I n ' 

a d d i t i o n t o t h e s p e c i a l i n f l u e n c e o f 

t h e m e d u l l a o b l o n g a t a u p o n t h e 

n e r v e s w h i c h a r i s e f r o m i t , i t c o n 

t a i n s m o s t o f t h e f i b e r s w h i c h a r e 

d i s t r i b u t e d t o t h e o t h e r p a r t s o f 

t h e e n c e p h a l o n , a n d t h u s i t m u s t 

t r a n s m i t b o t h t h e m o t o r a n d sen

s o r y i m p u l s e s , as t h e y p a s s f r o m 

a n d e n t e r t h e c e r e b r u m . 

Wtwvt cts..St\\.\.t. 
FIG. 21.—Anterior view of the me

dulla oblongata. (Sappey.) 
1, infundibulum ; 2, tuber cinereum; 

3, corpora albicantia; 4, cere
bral peduncle; 5, tuber annu
lare ; 6, origin of the middle pe
duncle of the cerebellum; 7, 
anterior pyramids of the medul
la oblongata ; 8, decussation of 
the anterior pyramids ; 9, oliva
ry bodies ; 10, restiform bodies ; 
11, arciform fibers ; 12, upper 
extremity of the spinal cord; 
13, ligamentum denticulatum ; 
14, 14, dura mater of the cord ; 
15, optic tracts; 16, chiasm of 
the optic nerves ; 17, motor ocu
li communis ; 18, patheticus ; 19, 
fifth nerve; 20, motor oculi 
extevnus ; 21, facial nerve; 22, 
auditory nerve; 23, nerve of 
Wrisberg ; 24, glosso-pllarynge
al nerve ; 25, pneumogastric ; 
26, 26, spinal accessory; 27, 
sublingual nerve; 28, 29, 30, 
cervical nerves. 
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T h e m e d u l l a i s possessed o f a l a r g e a m o u n t o f gray mat

ter w i t h i n i t s i n t e r i o r , w h e r e i t f o r m s t h e l i n i n g o f t h e c a v i t y 

o f t h e f o u r t h v e n t r i c l e ; a n d i t i s i n t h i s g r a y m a t t e r t h a t t h e 

a c t i o n o f t h e m e d u l l a , w h i c h i s l a r g e l y reflex i n c h a r a c t e r , 

t a k e s p l a c e . F r o m t h e n e r v e s w h i c h s p r i n g f r o m i t s s u b 

s t ance , w e s h o u l d e x p e c t t h a t t he se r e f l e x a c t s s h o u l d be 

c h i e f l y c o n c e r n e d i n t h e m o v e m e n t s o f t h e f a c i a l m u s c l e s b y 

m e a n s o f t h e s e v e n t h n e r v e ; w i t h a u d i t i o n b y m e a n s o f t h e 

e i g h t h ; w i t h d e g l u t i t i o n b y m e a n s o f t h e n i n t h ; w i t h res

p i r a t i o n t h r o u g h t h e p n e u m o g a s t r i c o r t e n t h n e r v e ; w i t h 

p h o n a t i o n a n d t h e a c t i o n o f t h e h e a r t b y m e a n s o f t h e s p i 

n a l a c c e s s o r y ; a n d w i t h l i n g u a l m o v e m e n t s b y m e a n s o f t h e 

h y p o - g l o s s a l . 

V a r i o u s c o l l e c t i o n s o f g r a y m a t t e r i n t h e floor o f t h e f o u r t h 

v e n t r i c l e h a v e b e e n d e s c r i b e d b y L o c k h a r t C l a r k e , w h o h a s 

c o n n e c t e d t h e m w i t h s p e c i a l n e r v e r o o t s ; w h i l e e x p e r i m e n t a l 

i n v e s t i g a t i o n h a s a l s o d e t e r m i n e d c e r t a i n s p e c i a l physiologi

cal centers t o h a v e t h e i r seat w i t h i n t h e s u b s t a n c e o f t h e 

m e d u l l a o b l o n g a t a . A s t h e f o r m e r c e n t e r s m a y b e f o u n d i n 

a l m o s t a l l o f t h e l a t e r w o r k s u p o n d e s c r i p t i v e a n a t o m y , 1 a n 

e n u m e r a t i o n o n l y o f t h e p h y s i o l o g i c a l c e n t e r s w i l l b e g i v e n , 

s i n c e t h e i r p r e s e n c e a d d s m u c h t o t h e i n t e r e s t w h i c h p e r 

t a i n s t o t h e m e d u l l a as a r e f l e x g a n g l i o n . 

1 . T h e respiratory center, w h i c h g o v e r n s t h e r e s p i r a t o r y 

ac ts , i n r e s p o n s e t o s e n s o r y i m p r e s s i o n s t r a n s m i t t e d t o i t b y 

m e a n s o f t h e p n e u m o g a s t r i c n e r v e . 

2. T h e vaso-motor center,1 w h i c h seems t o c o n t r o l t h e 

1 The fourth cranial nerve is said to arise from a nucleus on the outer side of the lo
cus coeruleus. The trigeminus (fifth cranial) nerve probably arises from two nuclei situa
ted at the outer angle of the floor of the fourth ventricle; the more external or sensory 
nucleus being continuous with the gray tubercle of Rolando, while the internal or motor 
nucleus lies close to the sensory nucleus, but nearer the median line. In the upper half 
of the fourth ventricle, the sixth cranial nerve and seventh cranial nerve (facial) take their 
origin from distinct nuclei. The auditory verve (eighth cranial) has two separate nuclei, 
as has the fifth cranial, called the internal and external auditory nuclei, -which are situated 
below those of the trigeminus nerve and above the nucleus for the glosso-pharyngeal 
nerve. Finally, in the lower half of the fourth ventricle, close to the postero-median fis
sure, arc found separate nuclei of origin for the glosso-pharyngeal, pneumogastric, the 
accessory portion of the spinal accessory, and the hypo-glossal nerves. 

a The upper limit of this center in the rabbit is placed by Owsjannikow (Ludwig's 



CENTERS OF TEE MEDULLA. 07 

caliber of the larger blood-vessels, by means of efferent im

p u l s e s , t r a n s m i t t e d c h i e f l y t h r o u g h t h e s p l a n c h n i c n e r v e s , 

w h i c h a f f e c t t h e m u s c u l a r c o a t o f t h e vesse l s o f t h e t h o r a x , 

a b d o m e n , a n d p e l v i s . 

3. The t-(irdio-inhibitoru center, by which the heart is 

a r r e s t e d i n d i a s t o l e , o r h e l d u n d e r c o n t r o l , 1 i n r e s p o n s e t o 

s e n s o r y i m p r e s s i o n s c a r r i e d t o t h e m e d u l l a f r o m o t h e r s o u r c e s 

b y m e a n s o f s e n s o r y n e r v e s . 

4. The center for deglutition, which controls both the 

s e c o n d a n d t h i r d s t ages o f t h a t a c t , o r f r o m t h e t i m e w h e n t h e 

b o l u s passes t h e i s t h m u s o f t h e f a u c e s . 

5. The center for the movements of the oesophagus and 

t h e stomach, w i t h i t s a l l i e d c e n t e r f o r t h e c o n t r o l o f t h e 

m e c h a n i s m o f t h e act of vomiting. 

6. T h e diabetic center3 w h i c h , w h e n s t i m u l a t e d , p r o d u c e s 

a s a c c h a r i n e c o n d i t i o n o f t h e u r i n e . 

7. T h e scdivary center," w h i c h , u p o n e x c i t a t i o n , t e n d s t o 

i n c r e a s e t h e f l o w o f t h e s a l i v a , a n d p o s s i b l y , a l s o , t h e p a n c r e 

a t i c f l u i d a n d t h e o t h e r d i g e s t i v e j u i c e s . 

" Arbeitem," 1871) at about 2 mm. below the tubercula quadrigemina, and its lower 
limit at about 4 or 5 mm. above the calamus scriptorius. Clarke locates it near to the 
origin of the facial nerve, and claims that large multipolar cells can be detected in the 
vaso-motor area ; while Dittmar (Ludwig's " Arbeitem," 1873) places it chiefly in the lat
eral columns, after the fibers have been given off to the decussating pyramids. Besides 
this vaso-motor center in the medulla oblongata, other parts of the spinal cord unques
tionably exert a positive vaso-motor influence, causing constriction or dilatation of the 
blood-vessels. 

1 I f the mesentery of a frog be exposed, and a slight tap be given it by the handle of 
the scalpel, the heart will at once cease to beat, but will soon resume its function. This 
experiment, coupled with many others of interest, seems to point definitely to the medulla 
as the seat of mediation between afferent sensory impulses and efferent inhibitory im
pulses upon the heart. 

2 This subject will be found discussed, at some length, in the pages devoted to the 
mechanism of deglutition, as well as the movements of the oesophagus. 

3 The diabetic center, as marked out by Eckhard, corresponds closely to that defined 
by Owsjannikow as the vaso-motor area. Pricking of this center in a well-fed rabbit will 
produce a considerable amouut of sugar in the urine, within an hour or two following the 
experiment. This effect is poorly marked in animals whose livers have been deprived of 
glycogen by starvation. 

4 The flow of saliva is apparently a reflex act dependent upon afferent impulses per
ceived through the gustatory branch of the fifth cranial nerve, the efferent impulse being 
transmitted by means of the chorda tympani branch of the facial nerve. It is this func
tion of the latter nerve that is considered by some physiologists as explanatory of the effect 
of the chorda upon taste. (See pages descriptive of the facial nerve and its branches.) 
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F i n a l l y , i t i s p r o v e n t h a t t h e m e d u l l a o b l o n g a t a i n a n i m a l s 

p l a y s a p a r t i n t h e c o o r d i n a t i o n o f m o v e m e n t , a n d i t m a y be 

c o n s i d e r e d p r o b a b l e t h a t i n m a n t h e s a m e p r o p e r t y i s l i k e 

w i s e possessed ; b u t i t i s , u n f o r t u n a t e l y , i n c a p a b l e o f d e m o n 

s t r a t i o n , as t h e d e a t h o f t h e i n d i v i d u a l u s u a l l y f o l l o w s a n y 

t r a u m a t i c l e s i o n o f t h i s g a n g l i o n . 

T h e c l i n i c a l a spec t s o f t h e m e d u l l a , i t s m i n u t e a n a t o m y , 

a n d i t s p h y s i o l o g i c a l c o n s t r u c t i o n , w i l l b e m o r e f u l l y c o n s i d 

e r e d i n c o n n e c t i o n w i t h t h e s p i n a l c o r d a n d c r a n i a l n e r v e s . 

THE SURGICAL BEARINGS OF CEREBRAL TOPOGRAPHY. 

In the year 1861, Broca invented a scientific method of de

t e r m i n i n g t h e r e l a t i o n s o f d i f f e r e n t p a r t s o f t h e c e r e b r u m t o 

t h e e x t e r i o r o f t h e s k u l l , w h i c h c o n s i s t e d o f d r i v i n g pegs 

t h r o u g h t h e s k u l l s o f a n i m a l s a n d o f c a d a v e r s , h o l e s h a v i n g 

b e e n p r e v i o u s l y b o r e d t h r o u g h t h e b o n e i n o r d e r t o p r e v e n t 

f r a c t u r e a n d i n j u r y t o s u r r o u n d i n g p a r t s . T h e s k u l l - c a p was 

t h e n r e m o v e d w i t h e x t r e m e care , a n d t h e c o n v o l u t i o n s w h i c h 

w e r e w o u n d e d w e r e t h u s d e t e r m i n e d . I t w a s d i s c o v e r e d b y 

t h i s o b s e r v e r t h a t t h e fissure of Rolando, w h o s e r e l a t i o n t o 

t h e c o r o n a l s u t u r e w a s t h e n u n k n o w n , l a y o b l i q u e l y , a n d 

t h a t i t s u p p e r e x t r e m i t y c o u l d b e p l a c e d , w i t h g r e a t a c c u r a c y 

i n m a n , a t a p o i n t s i t u a t e d f o r t y millimetres behind the coro

nal suture. T h i s f i s s u r e w a s p a r t i c u l a r l y s t u d i e d o n a c c o u n t 

o f i t s r e l a t i o n t o t h e motor region of the cortex, a n d i t s e x a c t 

b e a r i n g t o t h e e x t e r i o r o f t h e s k u l l w a s t h e r e f o r e o f g r e a t i m 

p o r t a n c e . T h e s ame o b s e r v e r w a s a l s o a b l e t o p r o v e t h a t t h e 

external par ieto-occipital fissure o f t h e c e r e b r u m l a y u n d e r t h e 

lambdoid suture o f t h e c r a n i u m . I n 1873, t h e e x p e r i m e n t s o f 

H e f t i e r a n d B i s c h o f f w e r e a d d e d t o t h o s e o f B r o c a , w h i l e T u r 

n e r f o l l o w e d w i t h h i s r e s ea r ches i n 1874, a n d F e r e i n 1875. 

T h e d r a w i n g s w h i c h T u r n e r f u r n i s h e d w e r e a d m i r a b l e i n t h e i r 

w a y , b u t a re , t o m y m i n d , h a r d l y a d a p t e d t o t h e p u r p o s e s o f 

t h e s u r g e o n , s i n c e t h e g u i d e s w h i c h t h e b o n y p r o m i n e n c e s o f 

t h e s k u l l a f f o r d a r e n o t b r o u g h t i n t o s u c h p r o m i n e n c e as t o b e 

r e a d i l y c o m p r e h e n d e d b y t h e c a s u a l r e a d e r . I f t h e s u r g e o n i s 
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t o u t i l i z e t h e v a l u a b l e r e s e a r c h e s o f t h e i n v e s t i g a t o r s a b o v e 

n a m e d ( a n d s e v e r a l m o s t b r i l l i a n t s u r g i c a l o p e r a t i o n s h a v e 

a l r e a d y b e e n p e r f o r m e d f r o m t h e l i g h t w h i c h t h e n e w l y ac

q u i r e d k n o w l e d g e o f t h e t o p o g r a p h y o f t h e c e r e b r u m h a s a f 

f o r d e d ) , c e r t a i n bony prominences o f t h e s k u l l m u s t b e des 

i g n a t e d , as o f i m p o r t a n c e , as g u i d e s t o t h e s p e c i a l c o n v o l u 

t i o n s a n d f i s s u r e s o f t h e b r a i n . N o w , t h e r e i s o n e l i n e w h i c h 

i s e a s i l y d r a w n u p o n t h e h e a d o f t h e l i v i n g s u b j e c t ( t h e a l v e -

o l o - c o n d y l o i d p l a n e o f B r o c a ) , u p o n w h i c h p e r p e n d i c u l a r l i n e s 

m a y b e d e s c r i b e d , i n t e r s e c t i n g c e r t a i n b o n y p o i n t s , w h i c h 

l i n e s c a n b e u t i l i z e d as g u i d e s t o p a r t s w h o s e s i t u a t i o n i s 

n o w p o s i t i v e l y k n o w n . T h i s base l i n e s h o u l d b e a s t r a i g h t 

o n e , a n d s h o u l d i n t e r s e c t t h e t i p o f t h e m a s t o i d p r o c e s s a n d 

t h e l i n e o f t h e c u s p s o f t h e t e e t h o f t h e u p p e r j a w . 1 

T h i s i s t h e n a t u r a l p o s t u r e o f t h e h u m a n s k u l l , w h e n t h e 

u p p e r j a w i s r e m o v e d a n d t h e s k u l l p l a c e d u p o n a t a b l e ; 

h e n c e i t i s a p l a n e a d m i r a b l y a d a p t e d f o r t h e s t u d y o f t h e 

g u i d e s ( w h i c h w i l l b e g i v e n ) , u p o n t h e s k e l e t o n , i n t h e o f f i c e 

o f e a c h p r a c t i t i o n e r , p r e v i o u s t o a n o p e r a t i o n . F u r t h e r m o r e , 

a s k u l l c a n e a s i l y b e p a i n t e d u p o n i t s e x t e r i o r so as t o b r i n g 

t h e l i n e s , d e s i g n a t e d as i m p o r t a n t , i n t o p r o m i n e n c e , a n d so 

a s s i s t t h e s u r g e o n i n t h e r e v i e w o f t h o s e p o i n t s w h i c h p o s 

sess s p e c i a l v a l u e . T h e c o n t r i b u t i o n o f F e r e i s , t o m y m i n d , 

t h e b e s t o f a l l t h e a u t h o r s n a m e d , s i n c e i t p r e s e n t s t h e p o i n t s 

m o s t n e e d e d b y t h e s u r g e o n i n a p r a c t i c a l w a y ; a n d t h e 

resume o f h i s g u i d e s i s so t e r s e l y a n d c l e a r l y s t a t e d b y m y 

f r i e n d P r o f e s s o r S e g u i n t h a t i t w o u l d b e use less t o a t t e m p t t o 

i m p r o v e u p o n i t . I t w i l l b e p e r c e i v e d i n t h e p l a t e , i n t r o 

d u c e d t o m a k e t h e s e g u i d e s m o r e c l e a r t h a n a m e r e v e r b a l 

d e s c r i p t i o n , t h a t t h e l i n e d e s c r i b e d , v i z . , t h e a l v e o l o - c o n d y -

l o i d p l a n e o f B r o c a , i s u s e d as a base l i n e u p o n w h i c h t o 

e r e c t p e r p e n d i c u l a r s a t d i s t a n c e s w h i c h c a n b e a c c u r a t e l y 

m e a s u r e d u p o n i t ; a n d t h a t t h e s e p e r p e n d i c u l a r l i n e s i n t e r -

1 This author places the line as intersecting the condyle of the occipitcd bone ; but, as 
this can not be felt in the living subject, and as it corresponds to the tip of the mastoid 
process, I have modified the guide so as to simplify its exact situation upon the exterior 
of the skull. 

7 
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sec t c e r t a i n r e g i o n s w h i c h , f r o m f a c t s p r e v i o u s l y r e c o r d e d , 

a r e o f t h e g r e a t e s t i m p o r t a n c e . I q u o t e t h e resume o f S e g u i n 1 

u p o n t h i s s p e c i a l d e p a r t m e n t o f c e r e b r a l l o c a l i z a t i o n : 

9 • 

— ^^^^^* 

5 10 

/ f -

/ / 

r 
v 

T 

< 
7 

FIG. 22.— Outline of skull resting upon the alveolo-condgloid plane of Broca. (Modified from 
Topinard's "Anthropology" by Seguin.) 

Vertical line A, or auriculo-bregmatic. Line 9-10, drawn parallel to the plane of Broca. 
Upon this line, at a distance of 45 mm. posterior to the bregma, a vertical line, 1-2, 
will pass through the upper (inner) end of the fissure of Rolando, b, b, and through 
the posterior extremity of the thalamus opticus (c). A third vertical line, 3-4, drawn 
at 30 mm. forward of the bregma, will pass through the fold of the third frontal 
gyrus (r<), and through the head of the nucleus caudatus (d). The horizontal line, 
7-8, at 45 mm. below the bregma (scalp), indicates the upper limit of the central 
ganglia. The third horizontal line, 5-6, passing through the external angular pro
cess of the frontal bone and the occipitoparietal junction, approximately indicates 
the course of the fissure of Sylvius, and serves for measurements. At IS or 20 mm. 
behind the external angular process on this line is the speech center of Broca : 5 to 
8 mm. behind the intersection of 3-4 and 5-6 is the beginning of the fissure of Sylvius, 
and at 28 or 30 mm. behind this intersection is the lower end of the fissure of Ro
lando, b, b, placed a little too far back in the cut. At x (near 6), near the median 
line, is the location of the occipito-parietal fissure. 

"1. A vertical line (A) drawn from the alveolo-condyloid 

plane, through the external auditory meatus upward, will pass 

through or very near to the bregma, or line of junction of the 

frontal and parietal bones at the vertex ; it passes through 

the anterior (lower) extremity of the fissure of Rolando. 

" 2. If, from the upper end of this vertical line A, we mea

sure a distance of 45 mm.2 backward toward the occiput and 

1 "Medical Record," 1878. 
2 A millimetre is about one twenty-fifth of an inch. 
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d r a w a d e s c e n d i n g v e r t i c a l l i n e ( 1 - 2 ) , w e m a r k o u t t h e l o c a t i o n 

o f t w o m o s t i m p o r t a n t p a r t s o f t h e c e r e b r u m , v i z . , t h e p o s t e 

r i o r e x t r e m i t y o f t h e f i s s u r e o f R o l a n d o [ a t 6 ] , a n d t h e p o s t e 

r i o r l i m i t o f t h e t h a l a m u s o p t i c u s i n t h e h e m i s p h e r e [ a t c]. 

" 3. T o c o n c l u d e w i t h t h e o c c i p i t a l e n d o f t h e s k u l l ; i f w e 

c a n m a k e o u t w i t h t h e f i n g e r t h e l a m b d o i d s u t u r e a t t h e m e d i 

a n l i n e , w e t h u s l e a r n t h e s i t u a t i o n o f t h e s u b j a c e n t o c c i p i t o p a 

r i e t a l fissure, w h i c h s e p a r a t e s t h e p a r i e t a l a n d o c c i p i t a l l o b e s . 

" 4 . T h e l a s t v e r t i c a l l i n e w o r t h n o t i n g i s o n e d r a w n a t a 

d i s t a n c e o f 3 0 m m . f o r w a r d o f t h e a u r i c u l o - b r e g m a t i c l i n e . 

T h i s v e r t i c a l l i n e ( 3 - 4 ) w i l l p a s s t h r o u g h t h e m i d d l e f o l d o f 

t h e t h i r d f r o n t a l c o n v o l u t i o n ( j u s t f o r w a r d o f t h e s p e e c h c e n 

t e r ) , a n d w i l l a l s o i n d i c a t e t h e a n t e r i o r l i m i t o f t h e c e n t r a l 

c e r e b r a l g a n g l i a , v i z . , t h e h e a d o f t h e n u c l e u s c a u d a t u s i n t h e 

h e m i s p h e r e [ a t d\. 

" 5. T h e u p p e r l e v e l o f t h e c e n t r a l c e r e b r a l g a n g l i a m a y b e 

q u i t e e x a c t l y i n d i c a t e d b y a n h o r i z o n t a l l i n e d r a w n a t a d i s 

t a n c e o f 45 m m . b e l o w t h e s u r f a c e o f t h e s c a l p , a t t h e b r e g m a , 

( o r 35 b e l o w t h e s u r f a c e o f t h e b a r e s k u l l a t t h e s a m e r j o i n t ) . 

T h i s l i n e ( 7 - 8 ) a l s o r u n s a c r o s s t h e m i d d l e r e g i o n s o f t h e m o 

t o r d i s t r i c t o f t h e c o n v o l u t i o n s , c o n t a i n i n g c e n t e r s f o r t h e f a c e 

a n d u p p e r e x t r e m i t i e s . 

" 6 . T h e e x t e r n a l a n g u l a r p r o c e s s o f t h e f r o n t a l b o n e , 

n o t d i f f i c u l t t o d e f i n e i n t h e l i v i n g s u b j e c t , i s t h e s t a r t i n g -

p o i n t o f a n o t h e r h o r i z o n t a l l i n e ( 5 - 6 ) , w h o s e p o s t e r i o r e x 

t r e m i t y passes a l i t t l e b e l o w t h e l a m b d o i d s u t u r e . U p o n t h i s 

h o r i z o n t a l l i n e w e c a n , b y m e a s u r e m e n t , d e t e r m i n e t h e l o c a 

t i o n o f c e r t a i n p a r t s . T h u s , a t a d i s t a n c e o f 18 o r 20 m m . b e 

h i n d t h e e x t e r n a l a n g u l a r p r o c e s s , l i e s t h e f o l d e d p a r t o f t h e 

t h i r d f r o n t a l c o n v o l u t i o n (a). T h i s p o i n t , i n m a n y h e a d s , w i l l 

c o r r e s p o n d t o t h e v e r t i c a l l i n e 3 - 4 . 

" 7 . T h e s i t u a t i o n o f t h e fissure o f S y l v i u s m a y b e a p p r o x 

i m a t e l y a s c e r t a i n e d i n t h e f o l l o w i n g m a n n e r : I t s m i d d l e p o r 

t i o n e x t e n d s h o r i z o n t a l l y , a l m o s t u n d e r t h e u p p e r p a r t o f t h e 

s q u a m o u s s u t u r e , w h i c h i n t h e l i v i n g s u b j e c t i s t o b e f o u n d a 

l i t t l e b e l o w t h e h o r i z o n t a l l i n e 5 - 6 . T h e a n t e r i o r e x t r e m i t y o r 

b e g i n n i n g o f t h e fissure o f S y l v i u s i s a l i t t l e b e l o w t h i s h o r i -
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z o n t a l l i n e , a t a d i s t a n c e o f s o m e 5 t o 8 m m . p o s t e r i o r t o t h e 

i n t e r s e c t i o n o f 3 - 4 a n d 5-6 , a n d c o n s e q u e n t l y a b o u t 22 o r 25 

m m . a n t e r i o r t o t h e a u r i c u l o - b r e g m a t i c l i n e 1 . L a s t l y , a c c o r d 

i n g t o T u r n e r , t h e p a r i e t a l e m i n e n c e a l m o s t a l w a y s o v e r l i e s t h e 

s u p r a - m a r g i n a l g y r u s ( P 1 , F i g . 23) , c o n s e q u e n t l y t h e p o s t e r i o r 

e x t r e m i t y o f t h e fissure o f S y l v i u s i s l i k e w i s e i n t h i s v i c i n i t y . 

' ' 8. T h e a n g u l a r g y r u s i s t o b e f o u n d b e l o w a n d b e h i n d 

t h e p a r i e t a l e m i n e n c e , a l i t t l e a b o v e t h e h o r i z o n t a l l i n e d r a w n 

f r o m t h e e x t e r n a l a n g u l a r p r o c e s s ( 5 - 6 ) . 

" 9. T h e a n t e r i o r ( l o w e r ) e n d o f t h e fissure o f R o l a n d o l i e s 

a t a d i s t a n c e o f 28 o r 30 m m . b e h i n d t h e l i n e 3 -4 , a n d a l i t t l e 

a b o v e 5 -6 . I t i s , t h e r e f o r e , a f e w m i l l i m e t r e s a n t e r i o r t o t h e 

v e r t i c a l l i n e A . " 

W i t h t h i s p l a t e as a g u i d e , a n d w i t h a t h o r o u g h k n o w l e d g e 

o f t h e f a c t s c o m p r i s e d i n p r e v i o u s p a g e s o f t h i s c h a p t e r , i t i s 

n o t o u t o f t h e b o u n d s o f p o s s i b i l i t y t o d e f i n i t e l y l o c a t e t h e 

e x i s t e n c e o f l e s i o n s i n c e r t a i n p o r t i o n s o f t h e h u m a n b r a i n , 

t o m a p o u t t h e i r s i t u a t i o n u p o n t h e e x t e r i o r o f t h e s k u l l , 

a n d t o r e a c h t h e m w i t h s u r g i c a l m e a n s o f r e l i e f , p r o v i d e d t h e 

case b e o n e w h i c h w o u l d j u s t i f y s u c h a m e a s u r e . W h e n 

B r o c a h a s b e e n s u c c e s s f u l i n t r e p h i n i n g d i r e c t l y o v e r a n ab

scess o f t h e t h i r d f r o n t a l c o n v o l u t i o n , w h i c h w a s su spec t ed , 

a n d w h e n s u c c e s s f u l cases h a v e b e e n r e p o r t e d o f t r e p h i n i n g 

o f t h e s k u l l f o r f r a g m e n t s o f t h e i n n e r p l a t e w h i c h w e r e c o m 

p r e s s i n g t h e a s c e n d i n g g y r i o f t h e f r o n t a l a n d p a r i e t a l lobes , 

t h u s c a u s i n g p a r a l y s i s , h a v e w e n o t e v e r y r e a s o n t o h o p e t h a t 

t h e d a y i s c o m i n g w h e n t h e r u l e s g o v e r n i n g t h i s o p e r a t i o n 

w i l l b e t h o s e b a s e d u p o n sc ience r a t h e r t h a n u p o n e m p i r i c i s m , 

a n d w h e n t h e s u r g e o n w i l l o w e h i s success t o t h e researches 

o f t h e p h y s i o l o g i s t a n d t h e l a b o r s o f t h e p a t h o l o g i s t I 

T h e r e a r e c e r t a i n s u g g e s t i o n s , w h i c h m a y b e t h r o w n o u t i n 

t h i s c o n n e c t i o n , w h i c h a r e s a f e ones t o f o l l o w i n cases w h e r e 

t h e p r o p r i e t y o f s u r g i c a l r e l i e f i s c a l l e d i n t o q u e s t i o n . T h e s e 

m a y b e s t a t e d i n t h e f o r m o f p r o p o s i t i o n s , w h i c h a r e o f neces

s i t y b a s e d u p o n t h e c o n t e n t s o f t h e p r e v i o u s l e c t u r e s . 

1. I f t h e i n j u r y s u s t a i n e d , p r o v i d e d t h e case i n q u e s t i o n 

b e o n e o f a t r a u m a t i c o r i g i n , b e situated over the motor area 
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o f t h e c o r t e x , t h e p r e s e n c e o f anaesthesia i n c o m b i n a t i o n w i t h 

m o t o r h e m i p l e g i a i s a c o n t r a i n d i c a t i o n t o a t t e m p t s a t s u r g i c a l 

r e l i e f . T h i s s y m p t o m ( anaes thes i a ) p r o b a b l y i n d i c a t e s s o m e 

i n j u r y t o t h e p o s t e r i o r t h i r d o f t h e i n t e r n a l c a p s u l e , o r t o t h e 

w h i t e s u b s t a n c e o f t h e h e m i s p h e r e s ; h e n c e t h e l e s i o n i s p r o b a 

b l y t o o e x t e n s i v e t o b e r e l i e v e d b y t r e p h i n i n g . 

2 . I f t h e sensory region o f t h e c o r t e x b e i n v o l v e d , a n d 

paralysis o r convulsive movements o c c u r , a n o p e r a t i o n i s c o n -

t r a i n d i c a t e d ; s i n c e t h e l e s i o n h a s e i t h e r b e e n so e x t e n s i v e 

as t o e x t e n d t o t h e m o t o r a r ea , o r h a s t o r n o r c o m p r e s s e d t h e 

c e r e b r u m a t a p o i n t r e m o v e d f r o m t h e a p p a r e n t sea t o f i n j u r y 

3. T h e o c c u r r e n c e o f paralysis on the same side as t h a t 

u p o n w h i c h t h e i n j u r y w a s r e c e i v e d i s a l w a y s a c o n t r a i n d i c a 

t i o n t o a n y s u r g i c a l p r o c e d u r e a t t h e sea t o f i n j u r y , s i n c e i t 

u s u a l l y i n d i c a t e s s o m e l e s i o n o f t h e o p p o s i t e s i d e , p r o b a b l y 

d e p e n d e n t u p o n t r a n s m i t t e d f o r c e (contre-coup). 

4 . T h e completeness of the paralysis m a y b e o f t e n t a k e n 

as a g u i d e t o t h e a m o u n t o f i n j u r y d o n e t o t h e c e r e b r u m : i f 

t h e p a r a l y s i s b e v e r y p r o f o u n d , t h e c h a n c e o f success f r o m 

t r e p h i n i n g i s e x t r e m e l y s m a l l , s i n c e t h e i n j u r y h a s p r o b a b l y 

a f f e c t e d p a r t s d e e p e r t h a n t h e c o r t e x c e n t e r s . 

5. T h e a p p e a r a n c e o f paralysis of any of the special nerves 

of the cranium, o r t h e d e v e l o p m e n t o f t h e s y m p t o m s d u e t o 

l e s i o n s o f t h e ba se o f t h e b r a i n o r o f t h e b a s a l g a n g l i a , s u c h as 

t h e C h e y n e - S t o k e s r e s p i r a t i o n , 1 c h o k e d d i s k , a n d v o m i t i n g , 

m a y b e r e g a r d e d as c o n t r a i n d i c a t i o n s t o s u r g i c a l i n t e r f e r e n c e . 

6. W h e n a n i n j u r y t o t h e s k u l l i s f o l l o w e d , a f t e r a l a p s e 

o f s o m e w e e k s , b y aphasia, t h e d i a g n o s i s o f abscess o f t h e 

base o f t h e t h i r d f r o n t a l c o n v o l u t i o n , o r p o s s i b l y i n v o l v i n g 

t h e i s l a n d o f R e i l o r t h e w h i t e s u b s t a n c e s i t u a t e d b e t w e e n t h e 

t h i r d f r o n t a l c o n v o l u t i o n a n d t h e b a s i s o f t h e c e r e b r u m , m a y 

b e s a f e l y m a d e . 2 I n s u c h a case, t h e o p e r a t i o n o f t r e p h i n i n g , 

as p e r f o r m e d b y B r o c a , a f f o r d s a s t r o n g p r o b a b i l i t y o f r e l i e f . 

7. Cases o f i n j u r y w h i c h a r e followed immediately by 

aphasia a r e s t r o n g l y d i a g n o s t i c o f e i t h e r a s p i c u l a o f b o n e o r 

1 A respiration whose rhythm steadily increases, and then decreases, in a short inter
val of time; described in 1818 by Cheyne, and by Stokes in 1846. 

4 Authorities are not all in accord with this statement. 
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t h e p r e s s u r e o f a c l o t i n t h e n e i g h b o r h o o d o f t h e c e n t e r o f 

B r o c a , T h e f o r m e r c o n d i t i o n w o u l d b e s t r o n g l y i n s u p p o r t o f 

s u r g i c a l i n t e r f e r e n c e , s i nce i t w o u l d p r o b a b l y c o n t i n u e t o cre

a t e p r e s s u r e o r i r r i t a t i o n u n t i l r e m o v e d , w h i l e t h e p r e s s u r e o f 

a c l o t m i g h t a l so b e r e l i e v e d b y t r e p h i n i n g . 

8. I f t h e region over the fissure of Rolando be s u b j e c t e d t o 

a p p a r e n t i n j u r y , a n d t h e s y m p t o m s o f s o m e o f t h e special 

types of monoplegia a p p e a r ( a f f e c t i n g t h e m u s c l e s o f t h e f ace , 

a r m , l e g , o r a n y o f t h e s e c o m b i n e d o r e v e n t h e o c c u r r e n c e 

o f a slight f o r m of hemiplegia f o l l o w , s u c c e s s f u l t r e p h i n i n g 

m a y b e r e a s o n a b l y e x p e c t e d . T h e p r e s e n c e o f anaes thes ia , as 

b e f o r e m e n t i o n e d , w o u l d , h o w e v e r , s t i l l b e a s t r o n g c o n t r a 

i n d i c a t i o n t o s u c h a s t ep , s i n c e i t w o u l d p r o v e t h a t t h e l e s i o n 

w a s p r o b a b l y o f t o o d e e p a c h a r a c t e r t o b e b e n e f i t e d b y t h e 

s i m p l e r e m o v a l o f a b u t t o n o f b o n e , as t h e p o s t e r i o r t h i r d o f 

t h e i n t e r n a l c a p s u l e w o u l d p r o b a b l y b e f o u n d t o b e i m p a i r e d . 

I t m u s t b e a l s o r e m e m b e r e d t h a t t h e m o t o r p a r a l y s i s , o f w h a t 

e v e r k i n d i t m a y be , m u s t b e c o n f i n e d t o t h e s i d e o f t h e b o d y 

o p p o s i t e t o t h e sea t o f i n j u r y , i f b e n e f i t i s t o b e e x p e c t e d . 

T h e t y p e o f m o n o p l e g i a w h i c h e x i s t s m a y o f t e n b e u s e d as 

a g u i d e t o d e t e r m i n e t h e e x t e n t o f t h e l e s i o n as w e l l as i t s 

s i t u a t i o n . 2 

GENERAL SUMMARY OF T I I E B R A I N , A N D ITS C L I N I C A L RELA
TIONS. 

W e h a v e n o w c o n s i d e r e d t h e v a r i o u s p a r t s o f t h e b r a i n 

s o m e w h a t i n d e t a i l , a n d h a v e n o t e d s o m e o f t h e p o i n t s o f 

c l i n i c a l i n t e r e s t w h i c h e a c h p r e s e n t s . M a n y a n a t o m i c a l t e r m s 

h a v e , h o w e v e r , b e e n e m p l o y e d a t v a r i o u s t i m e s , w h i c h m a y 

be a s o u r c e o f e m b a r r a s s m e n t t o y o u , p r o v i d e d y o u a r e n o t 

p e r f e c t l y f a m i l i a r w i t h t h e a n a t o m i c a l c o n s t r u c t i o n o f t h e 

e n c e p h a l o n . I h a v e d e e m e d i t a d v i s a b l e , t h e r e f o r e , t o h a s t i l y 

r e v i e w s u c h a n a t o m i c a l p o i n t s as s e e m i m p o r t a n t f o r y o u t o 

g r a s p (as a p r e p a r a t i o n f o r c l i n i c a l s t u d y ) , b e f o r e I b r i n g t h i s 

1 Sec page 45 of this volume. 
" See the motor centers situated in the ascending frontal and parietal convolutions, 

pnge 3'.) of this volume, and the various forms of monoplegia described in the early pages 
of this chapter. 
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s u b j e c t t o a c l o s e , a n d p a s s t o t h e o t h e r p o r t i o n s o f t h e n e r 

v o u s s y s t e m . 

T h e gray matter o f t h e e x t e r i o r s u r f a c e ( t h e c o r t e x ) o f t h e 

c e r e b r u m a n d c e r e b e l l u m f o r m s a t r u e g a n g l i o n i c m a s s , w h i c h 

i s s p r e a d o u t o v e r a l a r g e e x p a n s e o f s u r f a c e , b u t w h i c h , l i k e 

a l l g a n g l i o n i c m a s s e s , c o n s i s t s o f n e r v e c e l l s , n e r v e f i b e r s , 

b l o o d - v e s s e l s , a n d t h e c o n n e c t i v e t i s s u e o f t h e b r a i n — t h e n e u 

r o g l i a . T h e r a p i d g r o A v t h o f t h e r e q u i r e m e n t s w h i c h a d v a n c 

i n g a g e d e m a n d s o f t h i s g r a y m a t t e r o f t h e c o r t e x d e m a n d s a 

l a r g e r e x p a n s e o f s u r f a c e t h a n t h e i n t e r i o r o f t h e s k u l l w o u l d 

a d m i t o f , p r o v i d e d t h i s g r a y m a t t e r w a s s m o o t h l y d i s t r i b 

u t e d ; h e n c e t h e p r e s e n c e o f c o n v o l u t i o n s , o r " g y r i , " a n d t h e 

d e p r e s s i o n s b e t w e e n t h e m , t h e " s u l c i , v w h i c h a r e m u c h 

m o r e m a r k e d i n t h e a d u l t t h a n i n t h e i n f a n t . I t s h o u l d b e 

u n d e r s t o o d a l s o t h a t t h e g r a y m a t t e r o f t h e c o r t e x i s o f 

n e a r l y t h e s a m e t h i c k n e s s i n a l l p o r t i o n s , a n d t h a t i t t h e r e 

f o r e l i n e s t h e s u l c i , as w e l l as c o v e r s t h e c o n v o l u t i o n s . T h e 

f o l d i n g s o f t h e g r a y c o r t i c a l l a y e r a r e , h o w e v e r , n o t o f a 

u n i f o r m c h a r a c t e r ; h e n c e a d i f f e r e n c e i n t h e d e p t h o f t h e 

d e p r e s s i o n s b e t w e e n t h e m . I t lias b e e n f o u n d n e c e s s a r y t o 

n a m e s o m e o f t h e m o r e p r o m i n e n t f i s s u r e s o r s u l c i , " i n o r 

d e r t o h a v e c e r t a i n e a s i l y d e n n e d l a n d m a r k s , f o r t h e p u r p o s e 

o f m o r e r e a d i l y d e s i g n a t i n g t h e s e p a r a t e c o n v o l u t i o n s , w h i c h 

a r e a p p a r e n t l y a r r a n g e d as a c o n f u s e d m a s s , b u t w h i c h a r e 

f o u n d t o b e u n i f o r m l y d e v e l o p e d a n d c o n s t a n t i n t h e i r s i t u a t i o n . 

T h e a d m i r a b l e m o n o g r a p h o f E c k e r o n t h e t o p o g r a p h y o f 

t h e c e r e b r a l c o n v o l u t i o n s a n d t h e r e s e a r c h e s o f F e r r i e r 1 a n d 

D a l t o n 2 e n a b l e u s so t o g r o u p these v a r i o u s g y r i a n d f i s s u r e s 

as t o a s s i s t u s i n r e t a i n i n g t h e m i n o u r m e m o r i e s ; w h i l e s u c h 

a k n o w l e d g e i s i n d i s p e n s a b l e t o a c o m p l e t e u n d e r s t a n d i n g 

e i t h e r o f t h e p a g e s w h i c h h a v e p r e c e d e d o r o f t h o s e w h i c h 

a r e t o f o l l o w . 

W e m a y s t a r t , t h e n , w i t h t h e s t a t e m e n t t h a t w e h a v e t o 

k n o w t h e s i t u a t i o n o f f o u r l o b e s , f o u r l o b u l e s , a n d f o u r p r i n 

c i p a l f i s s u r e s o r u s u l c i . " T h e s e m a y b e g i v e n as f o l l o w s : 

1 Op. cit. 
2 " Tcxt-Bo.k of rhysiology." H. C. Lea, Philadelphia, 1876. 
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T H E FOUR LOBES ARE 

f Ascendirjg limb of the fissure of Sylvius 

TnE FOUR SULCI ARE : I 
Horizontal limb of the fissure of Sylvius. 
The fissure of Rolando. 
The external parieto-occipital fissure. 

f The frontal lobe. 
J The parietal lobe. 
J The temporo-sphenoidal lobe. 
^ The occipital lobe. 

The lobulus centralis (the island of Reil). 
, The lobulus para-centralis. 

T H E FOUR LOBULES ARE : I , . 
] The lobulus cuneus. 

The lobulus quadratus. 

p, f i . 9.3. Lateral view of the human brain, showing its lobes and fissures. (After Ferrier.) 

. F, frontal lobe; P, parietal lobe; 0, occipital lobe; T, temporo-sphenoidal lobe; S, fis
sure of Sylvius ; S', horizontal portion ; S", ascending portion of the same ; c, sulcus 
centralis or fissure of Rolando ; A, anterior central convolution or ascending frontal; 
B, posterior central convolution or ascending parietal; Fi , superior ; F 2 , middle ; F s , 
inferior frontal convolution ; f M superior; IV, inferior frontal sulcus; f 3 , sulcus pra> 
centralis ; Pi, superior parietal lobule, or postero-parietal lobule ; P 2, inferior parietal 
lobule viz.: P2, gyrus supra-marginalis ; P2', gyrus angularis ; p, sulcus intra-pa-
rictalis; c, m, termination of the calloso-marginal fissure ; Oi first, 0 2 second, 0 3 

third occipital convolutions ; po, parieto-occipital fissure ; o, sulcus occipitalis trans
versa ; o2, sulcus occipitalis longitudinalis inferior; Ti first, T 2 second, T 3 third 
temporo-sphenoidal convolutions; t i first, t 2 second temporo-sphenoidal fissures. 



GENERAL SEMMARY 

L e t u s n o w c o n s i d e r , i n a s u p e r f i c i a l w a y , t h e p o i n t s o f 

v a l u e w h i c h p e r t a i n t o e a c h o f t h e s e s p e c i a l l o c a l i t i e s , n o t i n g 

s u c h g u i d e s as m a y s u g g e s t t h e m s e l v e s t o a i d m e m o r y , a n d 

f o l l o w i n g F i g . 23 as w e p r o g r e s s , i n o r d e r t o m a k e t h e d e s c r i p 

t i o n m o r e c l e a r t h a n w o r d s a l o n e c o u l d d o . 

TIIE PRINCIPAL FJSSURES OF TIIE CEREBRUM.1 

T h e ascending limb o f the fissure of Sylvius (s") passes i n 

f r o n t o f t h e i s l a n d o f R e i l a n d a m o n g t h e f r o n t a l c o n v o l u t i o n s . 

T h e horizontal limb o f t h e fissure of Sylvius ( s r ) passes 

b a c k w a r d b e h i n d t h e i s l a n d o f R e i l , a n d s e p a r a t e s t h e t e m 

p o r o - s p h e n o i d a l l o b e f r o m t h e f r o n t a l a n d p a r i e t a l l o b e s , 

w h i c h l i e a d j o i n i n g i t . 

T h e f i s s u r e o f S y l v i u s h a s a s u r g i c a l a n d m e d i c a l i m p o r 

t a n c e f r o m t h e f a c t t h a t i t c o n t a i n s t h e m i d d l e c e r e b r a l a r t e r y , 

w h i c h i s p a r t i c u l a r l y l i a b l e t o o b s t r u c t i o n f r o m t h e i m p a c t i o n 

o f a n e m b o l u s , e s p e c i a l l y u p o n t h e l e f t s i d e o f t h e b o d y ; w h i c h 

a c c i d e n t i s l i a b l e t o b e f o l l o w e d b y a p h a s i a , s i n c e t h e c e n t e r 

o f s p e e c h i s s u p p l i e d b y t h i s a r t e r y . 

The fissure of-Rolando (c) s e p a r a t e s t h e f r o n t a l f r o m t h e 

p a r i e t a l l o b e ; i t passes d o w n w a r d a n d f o r w a r d f r o m t h e u p 

p e r p a r t o f t h e c e r e b r u m t i l l i t a l m o s t j o i n s t h e h o r i z o n t a l 

l i m b o f t h e S y l v i a n f i s s u r e . I t i s a n i m p o r t a n t s u r g i c a l r e g i o n 

(see p a g e 4 0 ) . 

T h e external parieto-occipital fissure (po) s e p a r a t e s t h e 

p a r i e t a l a n d o c c i p i t a l l o b e s , h e n c e i t s n a m e . I t i s c o n t i n u e d 

u p o n t h e i n n e r s u r f a c e o f t h e c e r e b r u m as t h e " i n t e r n a l p a r i 

e t o - o c c i p i t a l f i s s u r e . 1 ' I t i s v e r y v a r i a b l e i n i t s e x t e n t , a n d i s 

s o m e t i m e s s c a r c e l y r e c o g n i z a b l e . 

TIIE LOBES OF THE CEREBRUM.1 

T h e F R O N T A L L O B E ( F ) i s c o n t a i n e d i n t h e a n t e r i o r 

f o s s a o f t h e s k u l l . I t p r e s e n t s f o u r c o n v o l u t i o n s , 2 o r 

1 Sec Figs. 12 and 23. 
2 The frequent occurrence of an accessory, or fourth frontal convolution in the brains 

of criminals is noted by Benedikt (" Centrulbl. f. d. mcd. Wiss.," Nov., 1S80). I t was 
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" g y r i , " w h i c h a r e s p e c i a l l y n a m e d . T h e s e m a y b e t h u s 

s t a t e d : 

T h e ascending frontal convolution, o r gyrus ( A ) , w h i c h l i e s 

a n t e r i o r t o t h e fissure o f R o l a n d o , b e i n g s e p a r a t e d f r o m 

t h e a s c e n d i n g p a r i e t a l c o n v o l u t i o n b y t h a t fissure. 

T h e superior f rontal convolution, o r gyrus ( F , ) , w h i c h j o i n s 

t h e a s c e n d i n g g y r u s , p a s s i n g t r a n s v e r s e l y across t h e f r o n 

t a l l o b e . 

T h e middle frontal convolution, o r gyrus ( F 2 ) , p a s s i n g p a r a l 

l e l t o t h e s u p e r i o r . 

T h e inferior frontal convolution, o r gyrus ( F 3 ) , l y i n g b e l o w 

t h e m i d d l e , b u t s t i l l r u n n i n g t r a n s v e r s e l y ac ross t h e f r o n 

t a l l o b e . 

T h e P A R I E T A L L O B E 1 ( P ) h a s a l so f o u r c o n v o l u t i o n s , o r g y r i , 

c a l l e d t h e a s c e n d i n g , t h e s u p r a - m a r g i n a l , t h e p a r i e t a l l o b u l e , 

a n d t h e a n g u l a r g y r u s . 

T h e ascending parietal convolution ( B ) l i e s b a c k o f t h e fissure 

o f R o l a n d o , b e i n g s e p a r a t e d f r o m t h e a s c e n d i n g f r o n t a l 

c o n v o l u t i o n b y m e a n s o f t h a t fissure. 

T h e supra-marginal convolution ( P , ) , t h e parietal lobule ( P 2 ) , 

a n d t h e angular gyrus ( P / ) , b e i n g t h e o t h e r t h r e e con

v o l u t i o n s o f t h e p a r i e t a l l o b e , a r e s i t u a t e d b e h i n d t h e 

a s c e n d i n g p a r i e t a l c o n v o l u t i o n . 

T h e T E M P O R O - S P H E N O I D A L L O B E ( T ) p r e s e n t s t h r e e w e l l -

m a r k e d c o n v o l u t i o n s , w h i c h r u n i n a n a n t e r o - p o s t e r i o r d i r e c 

t i o n . T h e y a r e n a m e d as f o l l o w s : 

T h e superior temporo-splienoidcd convolution ( T , ) , w h i c h l i es 

b e l o w t h e h o r i z o n t a l l i m b o f t h e S y l v i a n fissure, a n d 

w h i c h i s c o n t i n u o u s b e h i n d w i t h t h e p a r i e t a l l o b e . 

found to exist, more or less completely developed, in the majority of brains of tins class 
in his possession. I t originated usually by a bifurcation of the middle frontal convolu
tion, occasionally by a bifurcation of the superior frontal convolution. Other points of 
interest are presented, including the occurrence of a fifth convolution. These facts the 
author regards as the expression of a great pathological law, that atypical structure is the 
chief agent in the production of atypical (morbid) performance of function. 

1 The letters in parentheses refer to Fig. 23, although Fig. 12 will perhaps give a bet
ter conception of the convolutions to the reader. 
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T h e 'middle temporo-sphenoidal convolution ( T 2 t , w h i c h be

c o m e s c o n t i n u o u s w i t h t h e a n g u l a r g y r u s , a n d i s c o n 

n e c t e d t o t h e m i d d l e o c c i p i t a l c o n v o l u t i o n . 

T h e inferior temporo-sphenoidal convolution ( T 3 ) , s een o n t h e 

u n d e r s u r f a c e o f t h e c e r e b r u m , a n d c o n n e c t e d w i t h t h e 

t h i r d o c c i p i t a l c o n v o l u t i o n . 

T h e O C C I P I T A L L O B E ( O ) p r e s e n t s t h r e e b a d l y d e f i n e d c o n 

v o l u t i o n s , w h i c h a r e s u p e r i m p o s e d u p o n e a c h o t h e r , a n d 

w h i c h l i e i n a m o r e o r l ess a n t e r o - p o s t e r i o r d i r e c t i o n . 

T h e superior occipital convolution ( O , ) i s c o n n e c t e d w i t h t h e 

p a r i e t a l l o b u l e . 

T h e middle occipital convolution ( 0 2 ) i s c o n n e c t e d w i t h t h e 

a n g u l a r g y r u s , a n d a l s o w i t h t h e m i d d l e t e m p o r o - s p h e 

n o i d a l c o n v o l u t i o n . 

T h e inferior occipital convolution ( 0 3 ) i s c o n n e c t e d w i t h t h e 

i n f e r i o r t e m p o r o - s p h e n o i d a l c o n v o l u t i o n . 

FIG. 2-1.—A diagram of the cerebrum in longitudinal median section. (After Dalton.) 
1, calloso-marginal fissure; 2, parieto-occipital fissure ; 3, calcarine fissure; A, third ven

tricle; B, fifth ventricle ; P, anterior crura of fornix; C, cuneus (occipital lobule) ; 
Q, precuneus (lobulus quadratus); P, para-central lobe; C C, corpus callosum ; F, 
gyrus fornicatus. 

TIIE LOBULES OF TIIE CEREBRUM.1 

The lobulus centralis, or the island of Reil, is deeply sit

u a t e d a t t h e b o t t o m o f t h e fissure o f S y l v i u s , b e t w e e n t h e 

1 See Fiis. 23 and 24. 
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f r o n t a l a n d t h e t e m p o r o - s p h e n o i d a l l o b e s . I t p r e s e n t s five o r 

s i x c o n v o l u t i o n s , w h i c h a re n e a r l y s t r a i g h t , a n d w h i c h a re 

d i r e c t e d o u t w a r d a n d u p w a r d . T h i s p o r t i o n o f t h e c e r e b r u m 

i s p r o b a b l y c o n n e c t e d w i t h t h e f a c u l t y o f speech . I t i s s u p 

p l i e d w i t h b l o o d b y t h e m i d d l e c e r e b r a l a r t e r y . I t c a n n o t 

be w e l l s h o w n i n a p l a t e , o n a c c o u n t o f i t s s i t u a t i o n . 

T h e para-central lobule ( P ) i s f o u n d o n t h e i n t e r n a l sur 

f a c e o f t h e c e r e b r u m , i n f r o n t o f t h e l o b u l u s c u n e u s . I t i s 

o f g r e a t i m p o r t a n c e , f r o m a c l i n i c a l p o i n t o f v i e w , s i nce w e 

k n o w t h a t d isease o f t h i s c o n v o l u t i o n i s f o l l o w e d b y second

a r y d e g e n e r a t i o n o f t h e m o t o r t r a c t o f t h e b r a i n a n d s p i n a l 

c o r d . 

T h e lobulus quadratus ( Q ) i s a l so s i t u a t e d u p o n t h e i n n e r 

s u r f a c e o f t h e c e r e b r u m , b e t w e e n t h e p a r a - c e n t r a l l o b u l e a n d 

t h e l o b u l u s c u n e u s . 

T h e occipital lobule (C ) i s t r i a n g u l a r i n f o r m , a n d l i e s pos

t e r i o r t o t h e l o b u l u s q u a d r a t u s u p o n t h e i n n e r s u r f a c e o f t h e 

c e r e b r u m . 

C e r t a i n fissures u p o n t h e inner surface o f t h e c e r e b r u m 

a r e a l so p e r c e i v e d , w h o s e n a m e s m a y b e m e t w i t h b y y o u i n 

t h e d e s c r i p t i o n s o f e x i s t i n g l e s i o n s , i n s p e c i a l w^orks u p o n 

n e r v o u s diseases, a n d w h i c h a r e t h e r e f o r e e n u m e r a t e d . T h e y 

a r e n a m e d as f o l l o w s : 

The calloso-marginal fissure. 

T h e i n t e r n a l p a r i e t o - o c c i p i t a l fissure. 

T h e c a l c a r i n e fissure. 

CLINICAL SUBDIVISIONS OF TIIE BRAIN". 

In studying the brain from the standpoint of its physiol

o g y a n d c l i n i c a l i n t e r e s t , a n a d v a n t a g e i s g a i n e d b y a d e p a r t 

u r e f r o m t h e s u b d i v i s i o n s o f t h e e n c e p h a l o n f o u n d i n m o s t 

o f o u r s t a n d a r d a n a t o m i c a l t r e a t i s e s ; s i n c e m a n y p o i n t s , 

w h i c h c o u l d n o t be o m i t t e d i n a d e s c r i p t i v e t r e a t i s e w i t h o u t 

t h e a u t h o r i n c u r r i n g c e n s u r e , a r e o f n o i m p o r t a n c e t o t h e 

p h y s i o l o g i s t o r p a t h o l o g i s t , i n o u r p r e s e n t i g n o r a n c e as t o t h e 



GENERAL SUMMARY. S I 

f u n c t i o n s o f m a n y p a r t s , o r t h e r e s u l t s o f d i s ea se w h e n c o n 

f i n e d e x c l u s i v e l y t o t h e m . I a m i n c l i n e d , t h e r e f o r e , t o a d o p t 

t h e c l a s s i f i c a t i o n o f P r o f e s s o r S e g u i n , u s e d s o m e y e a r s a g o 

i n a c o u r s e o f l e c t u r e s d e l i v e r e d u p o n t h i s s u b j e c t , 1 s i n c e i t 

s eems t o possess p e r s p i c u i t y a n d m a n y a d v a n t a g e s f r o m a 

c l i n i c a l s t a n d p o i n t . I q u o t e f r o m t h e a b o v e a u t h o r as f o l 

l o w s : 2 

" F o r o u r p u r p o s e I m a k e t h e f o l l o w i n g s u b d i v i s i o n s o f 

t h e e n c e p h a l o n — a s e m i - p h y s i o l o g i c a l c l a s s i f i c a t i o n : 3 

" 1 . T h e basis cerebri, i n c l u d i n g a l l t h e p a r t s w h i c h l i e 

u p o n t h e ba se o f t h e s k u l l , b u t m o r e e s p e c i a l l y t h e p o n s V a 

r o l i i , c r u r a c e r e b r i , t h e i r a t t a c h e d n e r v e s , a n d t h e o p t i c a n d 

o l f a c t o r y a p p a r a t u s e s . 

" 2 . T h e great basal ganglia, i. e., t h e t h a l a m u s o p t i c u s , 

n u c l e u s c a u d a t u s , n u c l e u s l e n t i c u l a r i s , a n d t h e c o r p u s q u a d r i -

g e m i n u m . 

" 3 . T h e white substance o f t h e h e m i s p h e r e s , e s p e c i a l l y 

t h e i n t e r n a l c a p s u l e . 

" 4 . T h e cortex cerebri. 

" 5 . T h e cerebellum. 

" T h e g e n e r a l p a t h o l o g i c a l p r o p o s i t i o n s r e l a t i v e t o t h e s e 

p a r t s a r e as f o l l o w s : 

" 1 . L e s i o n s o f t h e basis cerebri, e s p e c i a l l y i f i n v o l v i n g 

t h e p o n s V a r o l i i a n d c r u r a , g i v e r i s e t o t h e f o l l o w i n g s y m p 

t o m s : p a r a l y s i s ( o f t e n o f c r o s s e d v a r i e t y ) ; anaes thes ia i n t h e 

f a c e a n d l i m b s ; i m p a i r m e n t o f e q u i l i b r i u m ; c h a n g e s w i t h i n 

t h e eyes ; n o p s y c h i c a l s y m p t o m s . 

" 2 . L e s i o n s o f t h e great basal ganglia p r o b a b l y p r o d u c e 

n o s y m p t o m s u n l e s s b y e n c r o a c h i n g u p o n t h e i n t e r n a l c a p s u l e 

w h i c h passes n e a r t h e m . A n e x c e p t i o n m a y b e t h e n u c l e u s 

c a u d a t u s . 

" 3 . L e s i o n s o f t h e white center of the hemispheres p r o 

d u c e n o s y m p t o m s w h e n t h e y d o n o t i n v o l v e t h e p a r t s c o m 

p o s i n g t h e internal capsule; i f t h e a n t e r i o r p o r t i o n o f t h i s 

1 "X. Y. Mod. Record," 1878. 
2 Ibid., February, 1878. 
3 The italics are my own. 
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c a p s u l e b e i n j u r e d , w e o b s e r v e p a r a l y s i s , i f i t s p o s t e r i o r p a r t , 

anaes thes ia . 
" 4 . L e s i o n s o f t h e cortex cerebri p r o d u c e , w h e n l o c a t e d 

a n t e r i o r l y , p s y c h i c a l s y m p t o m s ; w h e n l o c a t e d i n t h e m e d i a n 

r e g i o n s , p a r a l y s i s o f a n i m p e r f e c t k i n d , a n d w h e n s i t u a t e d 

p o s t e r i o r l y , n o s y m p t o m s a t a l l ( s e n s o r y s y m p t o m s i n a n i m a l s ) . 

" 5 . L e s i o n s o f t h e cerebellum p r o d u c e n o s y m p t o m s ex 

c e p t b y i n v o l v i n g a d j a c e n t p a r t s c o n t a i n i n g i m p o r t a n t m o t o r 

a n d s e n s o r y t r a c t s , t h u s g i v i n g r i s e t o i r r e g u l a r p a r a l y s e s , 

c h a n g e s i n t h e o p t i c a p p a r a t u s , s y m p t o m s o f i r r i t a t i o n o f t h e 

v a g u s n e r v e , e tc . 
" 6. L e s i o n s i n o n e lateral half o f a n y p a r t o f t h e e n c e p h 

a l o n p r o d u c e m o t o r a n d s e n s o r y s y m p t o m s i n t h e s i d e o f t h e 

b o d y o p p o s i t e t o t h e l e s i o n . W h e n t h e l e s i o n i s i n o n e h a l f 

o f t h e bas i s c e r e b r i , some s y m p t o m s ( d i r e c t s y m p t o m s ) are 

f o u n d i n t h e s i d e o f t h e f a c e a n d h e a d c o r r e s p o n d i n g t o 

t h e l e s i o n , o t h e r s i n t h e o p p o s i t e h a l f o f t h e b o d y (c rossed 

p a r a l y s i s ) . 
" 7 . L e s i o n s i n t h e median line cause s y m p t o m s t o a p p e a r 

i n b o t h s ides o f t h e b o d y 
" 8 . A n y i n t r a - c r a n i a l l e s i o n w h i c h ac t s i n s u c h a w a y as t o 

increase the intra-cranial pressure m a y p r o d u c e ( i n a d d i t i o n 

t o o t h e r s y m p t o m s ) t h e c o n d i t i o n k n o w n as c h o k e d d i s k , o r 

n e u r o - r e t i n i t i s . " 

SUMMARY OF THE PHYSIOLOGY OF THE CORTEX AND THE 
EFFECTS OF DISEASE LOCATED I N T H A T PORTION OF THE 

CEREBRUM. 

From the statements made in previous pages, we may 

s u m m a r i z e t h e f u n c t i o n s o f t h e c o r t e x ( t h e g r a y m a t t e r o f 

t h e c e r e b r a l c o n v o l u t i o n s ) , as w e l l as t h e s y m p t o m s w h i c h 

c a n b e a t t r i b u t e d t o d i sease c o n f i n e d t o t h a t r e g i o n , as f o l 

l o w s : 
1. T h a t , c o n t r a r y t o o l d s t a t e m e n t s , t h e c o r t e x i s c a p a b l e 

o f a r t i f i c i a l s t i m u l a t i o n ; a n d t h a t t h e f u n c t i o n s o f c e r t a i n 

a reas c a n t h u s b e d e t e r m i n e d w i t h a n a p p r o a c h t o a c c u r a c y . 
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2. That a well-defined relation exists between the cor

t e x a n d c e r t a i n m u s c u l a r g r o u p s . T h i s h a s l a t e l y b e e n 

FIG. 25.—Side view of the brain of man and the areas of the cerebral convolutions. (After 
Ferrier.) 

1 (on the postero-parietal [superior parietal] lobule), advance of the opposite hind-limb 
as in walking ; 2, 3, 4 (around the upper extremity of the fissure of Rolando), com
plex movements of the opposite leg and arm, and of the trunk, as in swimming; 
(i, b, c, d (on the postero-parietal [posterior central] convolution), individual and 
combined movements of the fingers and wrist of the opposite hand : prehensile move
ments ; 5 (at the posterior extremity of the superior frontal convolution), extension 
forward of the opposite arm and hand ; 6 (on the upper part of the antero-parietal 
or ascending frontal [anterior central] convolution), supination and flexion of the 
opposite forearm ; 7 (on the median portion of the same convolution), retraction and 
elevation of the opposite angle of the mouth by means of the zygomatic muscles ; 8 
(lower down on the same convolution), elevation of the ala nasi and upper lip with 
depression of the lower lip, on the opposite side ; 9, 10 (at the inferior extremity of 
the same convolution, Broca's convolution), opening of the mouth with 9, protrusion, 
and 10, retraction of the tongue-—region of aphasia, bilateral action; 11 (between 
10 and the inferior extremity of the postero-parietal convolution), retraction of the 
opposite angle of the mouth, the head turned slightly to one side; 12 (on the poste
rior portions of the superior and middle frontal convolutions), the eyes open widely, 
the pupils dilate, and the head and eyes turn toward the opposite side ; 13, 13 (on 
the supra-marginal lobule and angular gyrus), the eyes move toward the opposite side 
with an upward 13, or downward 13' deviation ; the pupils generally contracted (cen
ter of vision); 14 (of the infra-marginal, or superior [first] temporo-sphenoidal con
volution), pricking of the opposite ear, the head and eyes turn to the opposite side, 
and the pupils dilate largely (center of hearing). Ferrier, moreover, places the cen
ters of taste and smell at the extremity of the temporo-sphenoidal lobe, and that of 
touch in the gyrus unciuatus and hippocampus major. 
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c o n f i r m e d o n t h e h u m a n s u b j e c t b y D r . A m i d o n , o f t h i s 

c i t y 1 

1" Dr. Amidon's experiments1 in cerebral localization are based on the following 
propositions: 1. Marked local variations in the temperature of the cephalic contents 
can be demonstrated by surface thermometers. 2. Cerebral cortical localization is now so 
far advanced as to warrant the assertion that the psycho-motor centers for one half the 
body occupy a certain area in the cerebral cortex o£ the opposite hemisphere, t. Func
tional activity of an organ implies increased blood supply and tissue change, and conse
quent elevation of the temperature of that organ. 4. Willed contraction of muscles pre- . 
supposes an increased activity of the volitional motor center of those muscles in the 
cerebral cortex. From this it was natural to make the deduction that ..voluntary activity 
in a peripheral part would cause a rise of temperature in the psycho-motor center for that 
part, which might be indicated by external cerebral thermometers. 

" Seguin's self-registering surface thermometers were used, numbers of which were 
applied to the surface to be tested by passing them "through holes in rubber straps 
secured to the head by buckles. The desirable points in the subject experimented on 
are, a well-shaped head, thin hair, well-developed and trained muscles, power of facial, • 
expression, especially of unilateral facial movements and the ability to contract individual^ 
muscles, and moderate intelligence'. A man is preferable to a woman, and a European 
to an African. The mode of performing and recording experiments and the liabilities to 
error are all fully described, and the following results are given. 

"The part of the brain underlying the trapezius area is thus seen to be the anterior 
part of the first frontal convolution. Farther back on the same comes the deltoid, and 
farther still the biceps area, while that of the triceps probably overlaps to'a slight degree 
the fissure of Rolando. The area for the scaleni, etc., will fall on the s*econcL frdntaj 
convolution, in front of its middle; that for the deep extensors of the neck, on tup 
second frontal convolution, near its middle. The pectoralis area will fall on the middle 
of the second frontal convolution, slightly overlapping the superior frontal sulcus. The 
area for the latissimus dorsi occupies a similar position farther back. The point of 
junction of the superior and ascending frontal is occupied by the hand and finger flexors, 
while lower on the ascending frontal lies the area for the elevators of the angle of the 
mouth, and lower still, that for the orbicularis oris, in front of and above which is the 
area for the tongue and the hyoids, which lies on the third frontal convolution. At the 
base of the ascending parietal convolution, but reaching a slight distance across the 
fissure of Rolando, lies the platysma area; higher, the area for the orbicularis palpe
brarum, and higher still, lying partly on the ascending parietal, and partly on the ascend
ing frontal convolutions, is the area for the extensors of the hand and fingers. The ante
rior part of the superior parietal lobule holds the anterior tibial area, behind which lies that 
of the calf of the leg. On the posterior part of the superior parietal lobule, but falling 
chiefly on the first and second occipital gyri, is found the area for the quadriceps extensor 
femoris, while on the third occipital gyrus and the posterior part of the inferior middle 
temporal lobule will fall the area for the abdominal muscles. On the posterior parts of 
the angular gyrus and middle temporal lobule will fall the psoas and iliacus area. The 
rather indefinite area marked out for the erector spime overlies about equally the pos
terior part of the upper and of the middle temporal lobules, while higher up, over the 
contiguous portions of the angular and supra-marginal gyri and the superior temporal 
lobule, is the area for the flexors of the leg on the thigh. On the upper part of the 
supra-marginal gyrus will fall the area set apart for ocular movements. . This transfer
ence of the motor areas from the scalp to the brain leaves but little of the cerebral con
vexity uncovered, viz., the anterior half of the temporo-sphenoidal lobe and the extreme 
1 Prize Essay of 1880, "Archives of Medicine," April, 1880. 
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3. T h a t t h e excitable region o f t h e c o r t e x , w h e r e m o t o r 

e f f e c t s a r e c h i e f l y p r o d u c e d , m a y b e s t a t e d t o b e l o c a l i z e d i n 

t h e f o l l o w i n g p a r t s , i f w e a c c e p t t h e r e s u l t s o b t a i n e d b y F e r 

r i e r : T h e a s c e n d i n g f r o n t a l c o n v o l u t i o n ; t h e base o f t h e f i r s t 

f r o n t a l c o n v o l u t i o n ; t h e s e c o n d f r o n t a l c o n v o l u t i o n ; t h e 

t h i r d f r o n t a l c o n v o l u t i o n ; t h e a s c e n d i n g p a r i e t a l c o n v o l u 

t i o n ; t h e f i r s t p a r i e t a l c o n v o l u t i o n ; a n d t h e p a r a - c e n t r a l l o b 

u l e . N o w , l e t u s see w h a t c e n t e r s p e r t a i n t o e a c h o f t h e s e 

c o n v o l u t i o n s . 

The center for movements of the lips and tongue (the true 

. s p e e c h c e n t e r ) l i e s a t t h e ba se o f t h e third frontal c o n v o 

l u t i o n , n e a r t h e f i s s u r e o f S y l v i u s . (See 9, 10, o n F i g . 2 5 . ) 

U p o n the first a n d second frontal c o n v o l u t i o n s , y o u w i l l f i n d 

a c e n t e r (see 12, o n F i g . 2 5 ) : (1 ) F o r latercd movements 

of the head; ( 2 ) f o r elevation of the eyelids; a n d (3) 

f o r dilatation of the pupil. 

T h e ascending frontal c o n v o l u t i o n p r e s e n t s , f r o m b e l o w u p 

w a r d , t h e f o l l o w i n g c e n t e r s : F o r elevation a n d depres

sion o f t h e c o r n e r s o f t h e m o u t h (8 a n d 7 ) ; f o r m o v e 

m e n t s o f t h e forearm a n d t h e hand ( 6 ) ; f o r extension 

a n d t h e forward movement o f t h e hand and the arm ( 5 ) ; 

c e n t e r s f o r complex movements o f t h e arms and legs, 

w h e n a c t i n g t o g e t h e r (2 , 3, a n d 4 ) . 

T h e ascending parietal c o n v o l u t i o n p r e s e n t s , f r o m a b o v e 

d o w n w a r d , f o u r c e n t e r s f o r complex movements o f t h e 

hand and wrist {a, b, c, d ) , s u c h as t h e u s e o f i n d i v i d u a l 

f i n g e r s , p r e h e n s i l e m o v e m e n t s , e tc . A t i t s m o s t s u p e r i o r 

p o r t i o n , t h e c e n t e r s (2 , 3, a n d 4 ) , w h i c h c o n t r o l t h e a l t e r 

n a t i n g m o v e m e n t s o f t h e a r m a n d l e g , as i n t h e a c t o f 

s w i m m i n g , s e e m t o o v e r l a p t h e a s c e n d i n g p a r i e t a l c o n v o 

l u t i o n ; b u t t h e y a r e n o t d e f i n i t e l y p l a c e d . 

T h e superior parietal c o n v o l u t i o n p r e s e n t s t h e c e n t e r w h i c h 

p r e s i d e s o v e r t h e movements of the leg and f o o t , as i n t h e 

a c t o f w a l k i n g . 

anterior frontal region. These areas are held to be the outward representation of psycho
motor centers in the cerebral cortex." (Report in "New York Med. Jour.," October, 18S0.) 

S 
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T h e [para-central lobule, w h e n d i s e a s e d o r e x c i s e d , seems t o 

e x e r t , t h r o u g h some i n f l u e n c e s , a g r a d u a l l y e x t e n d i n g 

p rocess o f secondary degeneration of the spinal cord. 

4. The sensory region of the cortex is confined to the parie

t a l , t e m p o r a l , a n d o c c i p i t a l l o b e s o f t h e c e r e b r u m . I n i t cer

t a i n c e n t e r s h a v e b e e n d e f i n i t e l y l o c a t e d b y F e r r i e r , w h i c h a re 

n o t , as y e t , a c c e p t e d as f u l l y p r o v e n , b u t w h i c h a r e c o n s i d 

e r e d as b e i n g r a t h e r s u p p o r t e d t h a n c o n f u t e d b y c l i n i c a l a n d 

p h y s i o l o g i c a l e v i d e n c e . 

The angular gyrus is said by this author to present the cen

ters f o r vision (13, 13) , w h i l e m o v e m e n t s o f t h e eyes a l so 

a r e p r o d u c e d w h e n t h e s e r e g i o n s a r e s t i m u l a t e d . 1 

T h e superior temporo-sphenoidal c o n v o l u t i o n i s a l s o s a i d t o 

p r e s e n t t h e centers of hearing (14, 14, 14 ) , w h i l e t h e h e a d 

a n d eyes a r e c a u s e d t o m o v e t o w a r d t h e o p p o s i t e s i d e a n d 

t h e p u p i l s t o d i l a t e l a r g e l y . 

5. The collection of reported cases of tumors, clots, soft

e n i n g s , p r e s s u r e e f f e c t s ( f r o m exos toses , m e n i n g e a l e x u d a 

t i o n s , o r t h i c k e n i n g s , e t c . ) , seems t o c o n f i r m , t o a g r e a t e r o r 

less e x t e n t , t h e e f f e c t s o f p h y s i o l o g i c a l e x p e r i m e n t o r f a r a d i 

z a t i o n , a n d t h a t t h e f o l l o w i n g g e n e r a l s t a t e m e n t s as t o t h e 

r e s u l t s o f l e s i o n s o f t h e c o r t e x c a n b e s a f e l y u s e d as possess

i n g p r a c t i c a l v a l u e a t t h e b e d s i d e . 

(a) When the faculty of speech is affected to any extent, or 

t h e s y m p t o m s o f a m n e s i c a p h a s i a e x i s t , i t i s s a f e t o c o n 

c l u d e t h a t t h e l e s i o n i n v o l v e s o n e o f t h r e e s i t u a t i o n s , v i z . : 

t h e a n t e r i o r c o n v o l u t i o n s o f t h e i s l a n d o f R e i l , t h e base 

o f t h e t h i r d f r o n t a l c o n v o l u t i o n , o r t h e w h i t e s u b s t a n c e 

l y i n g b e t w e e n t h e t h i r d f r o n t a l c o n v o l u t i o n a n d t h e base 

o f t h e c e r e b r u m . 2 T h e l e s i o n , b e i n g m o s t f r e q u e n t l y m e t 

w i t h u p o n t h e l e f t s i de o f t h e b r a i n , w i l l u s u a l l y b e asso-

1 Experiments of Ferrier, Yeo, Dalton, and others. 
2 E. C. Seguin, " Med. Record," 1878. 
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FIG. 26 — Upper view of the brain of man and the situation of areas of the cerebral con
volutions. (After Ferrier.) 

1 (on the postero-parietal [superior parietal] lobule), advance of the opposite hind-
limb as in walking; 2, 3, 4 (around the upper extremity of the fissure of Rolando), 
complex movements of the opposite leg and arm, and of the trunk, as in swim
ming ; a, b, c, d (on the postero-parietal [posterior central] convolution), indi
vidual and combined movements of the fingers and wrist of the opposite hand; pre
hensile movements; 5 (at the posterior extremity of the superior frontal convolu
tion), extension forward of the opposite arm and hand ; 6 (on the upper part of 
the antero-parietal or ascending frontal [anterior central] convolution), supination 
and flexion of the opposite forearm ; 7 (on the median portion of the same con
volution), retraction and elevation of the opposite angle of the mouth by means of 
the zygomatic muscles; 8 (lower down on the same convolution), elevation of 
the ala nasi and upper lip with depression of the lower lip, on the opposite side; 9, 
10 (at the inferior extremity of the same convolution, Broca's convolution), open
ing of the mouth with 9, protrusion, and 10, retraction of the tongue—region of 
aphasia, bilateral action; 11 (between 10 and the inferior extremity of the pos
tero-parietal convolution), retraction of the opposite angle of the mouth, the head 
turned slightly to one side; 12 (on the posterior portions of the superior and mid
dle frontal convolutions), the eyes open widely, the pupils dilate, and the head and 
eyes turn toward the opposite side; 13, 13 (on the supra-marginal lobule and an
gular gyrus), the eyes move toward the opposite side with an upward 13, or down
ward 13" deviation—the pupils generally contracted (center of vision); 14 (of 
the infra-marginal, or superior [first] temporo-sphenoidal convolution), pricking of 
the opposite ear, the head and eyes turn to the opposite side, and the pupils dilate 
largely (center of hearing). Ferrier, moreover, places the centers of taste and smell 
at the extremity of the temporo-sphenoidal lobe, and that of touch in the gyrus un-
cinatus and hippocampus major. 
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e l a t e d w i t h s o m e f o r m o f paralysis affecting the right 

side o f t h e b o d y ; b u t t h e f a c u l t y o f s p e e c h m a y b e a f 

f e c t e d b y l e s i o n s o f t h e r i g h t s i d e as w e l l as t h o s e o f t h e 

l e f t s ide . 

(b) P a r a l y s i s o f m o t i o n affecting the upper extremity, e i t h e r 

e n t i r e l y o r t o a g r e a t e r e x t e n t t h a n o t h e r p a r t s i n v o l v e d , 1 

s u g g e s t s a l e s i o n w h i c h i s s i t u a t e d o n t h e s i d e o p p o s i t e t o 

t h e p a r a l y s i s ; a n d e i t h e r c o n f i n e d t o , o r i n v o l v i n g , t h e 

ascending convolutions o f t h e f r o n t a l o r p a r i e t a l l obes . 

(c) W h e n t h e facial muscles a r e p r o m i n e n t l y a f f e c t e d , I a m 

i n c l i n e d t o t h i n k t h e l e s i o n m a y b e l o c a t e d i n t h e f r o n t a l 

l o b e , a n t e r i o r t o o r i n t h e v i c i n i t y o f t h e pre-central fis

sure o r sulcus2 

( d ) W h e n t h e muscles of the leg3 a r e e x c l u s i v e l y a f f e c t e d ( a n d 

t h e p r o b a b i l i t y o f s p i n a l l e s i o n s i n v o l v i n g o n l y t h e l a t e r a l 

h a l f o f t h e s p i n a l c o r d c a n b e e x c l u d e d ) , o r w h e n t h e l e g 

m u s c l e s , i n a n a t t a c k o f h e m i p l e g i a o f c l e a r c r a n i a l o r i 

g i n , s h o w s p e c i a l i m p a i r m e n t , t h e l e s i o n c a n b e p r o b a b l y 

p l a c e d a t t h e upper end of the fissure of Rolando, a f f e c t 

i n g t h e a s c e n d i n g c o n v o l u t i o n s o f t h e f r o n t a l o r p a r i e t a l 

l o b e s . 

(e) T h a t l e s i o n s o f t h e sensory area o f t h e c e r e b r a l c o r t e x a re 

n o t u n d e r s t o o d i n t h e i r clinical aspects, s i nce l i t t l e o p 

p o r t u n i t y h a s b e e n a f f o r d e d f o r t h e p a t h o l o g i c a l s t u d y o f 

t h i s t y p e o f cases. 

( f ) T h a t a l l o f t h e s y m p t o m s p r o d u c e d b y l e s i o n s o f t h e cor

t e x m a y b e t h e r e s u l t e i t h e r o f actual destruction o f t h e 

n e r v e t i s s u e o f t h e c o r t e x , o r evidences of irritation o f 

t h e c o r t e x ; a n d t h a t t h e s y m p t o m s w i l l d i f f e r i n t h e 

t w o cases, so as t o o f t e n ass i s t t h e d i a g n o s t i c i a n . 

(g) T h a t l e s i o n s o f t h e c o r t e x , i f outside of the motor area, 

w i l l p r o d u c e n o s y m p t o m s , u n l e s s t h e y i n v o l v e t h e d u r a 

m a t e r ; i n w h i c h case, t h e d i s e a s e d c o n d i t i o n m a y b e 

1 Sec the peculiar types of brachial monoplegia, as described on pages 45 and 46 of 
this volume. 

2 I t may not be confined alone to this region, since the various forms of brachial 
monoplegia are often associated with facial paralysis. 

3 See the types of crural monoplegia, described on pages 40 and 42 of this volume. 
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m a n i f e s t e d b y convulsions, a n d , p o s s i b l y , l>y lu-adache 

T h e s e c o n v u l s i o n s , a n d t h e h e a d a c h e w h i c h m a y b e p r o 

d u c e d , a r e r e s p e c t i v e e v i d e n c e s o f i r r i t a t i o n o f s o m e p o r 

t i o n o f t h e m o t o r a r e a o f t h e c o r t e x , o r o f a d j o i n i n g sen

s o r y a r e a s . 

( / ) T h a t t h e s y m p t o m s w h i c h p r o m i n e n t l y i n d i c a t e irritation 

of the cortex a r e convulsions, w h i c h a r e o f t e n followed by 

paralysis. T h i s p a r a l y s i s m a y b e e i t h e r o f t h e t r a n s i e n t 

o r p e r m a n e n t v a r i e t y , a l t h o u g h t h e f o r m e r i s t h e m o r e 

c o m m o n . T h e g r o u p s o f m u s c l e s w h i c h a r e p r o m i n e n t l y 

a f f e c t e d i n t h e c o n v u l s i v e a t t a c k s m a y a f f o r d t h e p h y s i 

c i a n a g u i d e t o t h e sea t o f t h e i r r i t a t i o n , s i n c e t h e s a m e 

c e n t e r s a r e p r o b a b l y a f f e c t e d , as i f t h e c o r r e s p o n d i n g 

m u s c l e s w e r e p a r a l y z e d , r a t h e r t h a n c o n v u l s e d . 

( , / ) T h e destructive lesions o f t h e g r a y m a t t e r o f t h e c e r e b r a l 

c o n v o l u t i o n s , i f l i m i t e d t o t h e m o t o r a r ea , p r o d u c e p e 

r i p h e r a l p a r a l y s i s o f t h e p a r t s g o v e r n e d b y t h e c e n t e r s 

w h i c h a r e i n v o l v e d , b u t o n t h e s i d e o f t h e b o d y opposite 

t o t h e s i t u a t i o n o f t h e seat of disease. T h u s e m b o l i s m , 

b y p l u g g i n g t h e m i d d l e c e r e b r a l a r t e r y , s h u t s o f f t h e 

b l o o d s u p p l y t o t h e c e n t e r o f B r o c a , a n d aphasia w i l l 

u s u a l l y b e p r o d u c e d ; w i t h a n a c c o m p a n y i n g h e m i p l e g i a 

o f t h e s i d e o p p o s i t e t o t h e e m b o l u s , i n case t h e b l o o d 

s u p p l y i s i m p a i r e d t o o t h e r p a r t s o f t h e m o t o r a r ea . A 

d e s t r u c t i v e l e s i o n o f t h e m o t o r r e g i o n , i f n o t d u e t o e m 

b o l i s m , i s l i a b l e t o p r o d u c e h e m i p l e g i a , w i t h o u t a p h a s i a , 

o n t h e o p p o s i t e s i d e t o t h e sea t o f d i sease ; b u t i t e x i s t s 

t o a g r e a t e r o r less e x t e n t w h e n t h e m o t o r a r e a o f t h e 

c o r t e x i s a f f e c t e d i n a n y p a r t , 

( k ) W h e n t h e paralyzed muscles become rigid, a f t e r a n a t 

t a c k o f h e m i p l e g i a , f r o m d e s t r u c t i v e l e s i o n s o f t h e m o t o r 

a r e a o f t h e c o r t e x , i t m a y b e c o n s i d e r e d as a n e v i d e n c e o f 

a secondary degeneration o f t h e n e r v e f i b e r s , w h i c h i s 

p r o g r e s s i n g d o w n w a r d a l o n g t h e s p i n a l c o r d . T h i s i s 

p r o m i n e n t l y d e v e l o p e d w h e n t h e p a r a - c e n t r a l l o b u l e i s 

t h e sea t o f d i sease , b u t i t e x i s t s , t o a g r e a t e r o r less e x t e n t , 

w h e n t h e m o t o r a r e a o f t h e c o r t e x i s a f f e c t e d i n a n y p a r t . 
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( I ) I n t h o s e cases w h e r e t h e l e s i o n s a re d i f f u s e d over a large 

surface o f t h e c o r t e x (as i n t h e e x u d a t i o n o f a c u t e m e n i n 

g i t i s , s u p p u r a t i o n b e t w e e n t h e b o n e a n d t h e d u r a m a t e r , 

e t c . ) , delirium, convulsions, a n d local pain, a r e o f t e n p res 

e n t , a n d m a y p r o p e r l y b e r e g a r d e d as e v i d e n c e s o f t h e 

exces s ive i r r i t a t i o n w h i c h e x i s t s i n c o n s e q u e n c e o f t h e 

p r e s s u r e a n d h y p e r e m i a . Coma a n d paralysis m a y f o l 

l o w ; i n w h i c h case t h e y a re t o b e a t t r i b u t e d , e i t h e r t o t h e 

l o c a l anaemia p r o d u c e d b y t h e p r e s s u r e ( t h u s c a u s i n g i m 

p a i r m e n t o f n u t r i t i o n t o t h e s u b j a c e n t c o r t e x ) , o r t o c i r c u 

l a t o r y c h a n g e s a n d i n c r e a s e d t e n s i o n o f t h e e n t i r e b r a i n . 

(m) T h e a f f e c t i o n c a l l e d " d i f f u s e m e n i n g o e n c e p h a l i t i s " o r 

t h e " g e n e r a l p a r a l y s i s o f t h e i n s a n e " i s so c o m m o n l y 

m e t w i t h , a n d a f f o r d s s u c h s t r i k i n g e v i d e n c e s o f t h e e f f e c t s 

o f general pressure upon a n d irritation of t h e c e r e b r a l 

c o r t e x , t h a t i t s s y m p t o m s h a v e t o t h e n e u r o l o g i s t m o r e 

t h a n a c l i n i c a l i n t e r e s t . F r o m a c a r e f u l s t u d y o f s u c h 

cases, w e l e a r n t h a t t h e s y m p t o m s f i r s t m a n i f e s t e d a re 

c o n t r a c t i o n s o f s p e c i a l f i b e r s i n t h e m u s c l e s o f t h e f a c e , 

t o n g u e , a n d l i m b s , a n d t h a t t h e s p e e c h b e c o m e s t r e m u 

l o u s a n d t h e a r t i c u l a t i o n s p a s m o d i c . L a t e r o n , a c u t e 

d e l i r i u m a n d i m p a i r m e n t o f m e m o r y a n d j u d g m e n t ap 

p e a r , a n d a s t a te o f t h e m u s c l e s o f t h e l i m b s d e v e l o p s 

w h i c h m a y b e o n e e i t h e r o f s e m i - p a r a l y s i s o r o f s e m i -

a t a x i a . I n t h e f i n a l s tages , t h e m e n t a l f a c u l t i e s b e c o m e 

a b o l i s h e d ; a s t a te o f i n s a n i t y , c h a r a c t e r i z e d b y p e r i o d s o f 

d e l i r i u m , i s p r o d u c e d ; a n d t h e p a t i e n t d i e s w i t h o u t a n y 

a p p a r e n t c h a n g e s i n t h e o r d i n a r y o r g a n i c f u n c t i o n s o f 

t h e b o d y . 

I w o u l d r e p e a t , t h a t a p e r s o n e x h i b i t i n g t r e m o r s o f 

t h e f a c i a l m u s c l e s , o f t h e t o n g u e , a n d h a n d , a v i b r a t o r y 

a n d s l u r r e d speech , a n g u l a r o r t r e m u l o u s h a n d w r i t i n g , 

a n d i r r e g u l a r , s m a l l p u p i l s , s h o u l d b e s u s p e c t e d o f h a v i n g 

c h r o n i c p e r i - e n c e p h a l i t i s o r p a r a l y t i c d e m e n t i a . T h e a d 

d i t i o n o f g r a d u a l f a i l u r e o f m i n d — t r u e d e m e n t i a — m a k e s 

t h e d i a g n o s i s c e r t a i n . I n case t h e r e s h o u l d b e a d d e d t o 

t h e s e a b o v e - n a m e d s y m p t o m s e x a l t e d n o t i o n s , w i t h m a -
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n i a c a l a t t a c k s a n d e p i l e p t i f o r m s e i z u r e s , t h e case d e s e r v e s 

t h e n a m e o f g e n e r a l p a r e s i s , a n d as s u c h t h e f o r m is m o r e 

u s u a l l y s een a n d s t u d i e d b y a s y l u m p h y s i c i a n s . 

6. T h e p h y s i o l o g y o f t h e great ganglia of the cerebrum i s 

f a r f r o m b e i n g s a t i s f a c t o r i l y d e t e r m i n e d , s i n c e t h e e x p e r i 

m e n t s o f d i f f e r e n t o b s e r v e r s a p p a r e n t l y p r o v e m o s t g l a r i n g 

c o n t r a d i c t i o n s . I t i s , h o w e v e r , p r o b a b l e t h a t t h e t w o s u b d i 

v i s i o n s o f t h e c o r p u s s t r i a t u m ( t h e c a u d a t e a n d t h e l e n t i c u 

l a r n u c l e i ) h a v e m o t o r f u n c t i o n s o f a c h a r a c t e r w h i c h a r e n o t 

y e t p o s i t i v e l y d e c i d e d , w h i l e t h e a t t r i b u t e s o f t h e o p t i c t h a l a 

m u s a r e s t i l l i n v o l v e d i n o b s c u r i t y . 1 

7. I t c a n s a f e l y b e c o n s i d e r e d as p r o v e n t h a t t h e corpora 

quadrigemina ( t h e n a t e s a n d t e s t e s ) a r e , i n s o m e w a y , c o n 

c e r n e d i n t h e s p e c i a l sense o f v i s i o n , a n d b e l o n g t o t h e o p t i c 

a p p a r a t u s , a l t h o u g h t h e m o t i o n s o f t h e e y e b a l l s e e m t o b e 

m o r e d i r e c t l y i n f l u e n c e d t h a n v i s i o n i t s e l f . F o r t h e e x p e r i 

m e n t s w h i c h s e e m t o p r o v e t h i s , t h e r e a d e r i s r e f e r r e d t o 

p a g e 58 a n d 59 o f t h i s v o l u m e . 

8. T h e internal capsule o f t h e c e r e b r u m seems t o b e o n e 

o f t h e m o s t i m p o r t a n t r e g i o n s o f t h e b r a i n , f r o m a c l i n i c a l 

s t a n d p o i n t , s i n c e t h e s l i g h t e s t p r e s s u r e u p o n i t p r o d u c e s 

s y m p t o m s w h i c h v a r y w i t h t h e p o r t i o n p r e s s e d u p o n , a n d 

s i n c e a secondary degeneration2 w h i c h d e s c e n d s a l o n g t h e 

n e r v e f i b e r s o f t h e c r u s , p o n s , m e d u l l a , a n d s p i n a l c o r d , i s i n 

e v i t a b l y t h e r e s u l t o f d i s ea se o f t h i s p o r t i o n o f t h e c e r e b r u m . 

I f t h e anterior two thirds o f t h e i n t e r n a l c a p s u l e b e t h e sea t 

o f p r e s s u r e o r d i sease , hemiplegia, o f t h e o p p o s i t e s i d e r e 

s u l t s ; i f the posterior third b e a f f e c t e d , a c o n d i t i o n o f anaes

thesia o f t h e o p p o s i t e s i d e i s p r o d u c e d . Choreic movements, 

w h i c h v a r y i n d e g r e e a n d t y p e , a n d w h i c h m a y a p p e a r as 

a t h e t o s i s , a t a x i a , t r u e c h o r e a , o r t r e m o r , a r e s t r o n g l y d i a g 

n o s t i c o f l e s i o n o f t h e i n t e r n a l c a p s u l e , p r o v i d e d t h e y f o l l o w 

a n a t t a c k o f h e m i p l e g i a o r h e m i - a n s e s t h e s i a , 

1 To what extent this ganglion presides over or influences sensory perceptions must 
be considered unsettled. For opinions on the subject, the reader is referred to page 57 
of this volume. 

2 For the effects of this descending type of secondary degeneration of nerve tissue, see 
page 44 of this volume. 
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9. T h e parts adjoining the internal capsule ( t h e c a u d a t e 

n u c l e u s , t h e l e n t i c u l a r n u c l e u s , t h e w h i t e c e n t e r o f t h e f r o n t a l 

l o b e , a n d t h e o p t i c t h a l a m u s ) , i f t h e seat o f h a e m o r r h a g e , t u 

m o r s , o r o t h e r l e s i o n s w h i c h a re c a p a b l e o f c a u s i n g p r e s s u r e 

u p o n i t , m a y p r o d u c e s y m p t o m s s i m i l a r t o t h o s e o f d isease o f 

t h e i n t e r n a l c a p s u l e i t s e l f . 

10. W h e n t h e central portions o f t h e c e r e b r a l h e m i s p h e r e s 

a re t h e seat o f s o m e t y p e o f d i sease w h i c h h a s b e e n s u d d e n l y 

d e v e l o p e d , as i n h a e m o r r h a g e , a c u t e s o f t e n i n g , e tc . , s y m p t o m s 

referable to the optic apparatus a r e u s u a l l y p r e s e n t , i n a d d i 

t i o n t o t h e o t h e r s y m p t o m s w h i c h h a v e b e e n g i v e n above . 

T h u s t h e eyes a re o f t e n t u r n e d a w a y f r o m t h e p a r a l y z e d s ide , 

a n d , t h e r e f o r e , t o w a r d t h e seat o f t h e l e s i o n ; t h e h e a d a l so i s 

u s u a l l y s i m i l a r l y t u r n e d ; a n d , i n case t h e i n j u r y d o n e t o t h e 

b r a i n i s severe o r e x t e n s i v e , a v e r y m a r k e d r i s e i n t h e s u r f a c e 

t e m p e r a t u r e o f t h e b o d y w i l l be o b s e r v e d . 

1 1 . W h e n t h e pressure upon the central portions o f t h e 

c e r e b r a l h e m i s p h e r e s i s gradual, as i n t h e case o f g r o w i n g 

t u m o r s , w e h a v e d e v e l o p e d c e r t a i n s p e c i a l s i g n s , w h i c h de

p e n d u p o n t h e s i t u a t i o n o f t h e t u m o r a n d t h e l i n e o f i t s g r e a t 

est p r e s s u r e ; b u t w e a re a l so l i a b l e t o h a v e e v i d e n c e s d e v e l o p 

i n t h e eye , w h i c h a r e c a l l e d t h o s e o f " n e u r o - r e t i n i t i s , 1 ' a n d 

m a y r e s u l t i n t h e c o n d i t i o n k n o w n b y o p h t h a l m o l o g i s t s as 

t h e ' ' c h o k e d d i s k . ' 5 
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T H E C E A X I A L N E R V E S . 

T H E n e r v e s w h i c h a r i s e f r o m t h e b r a i n a r e a r r a n g e d as 1 

t w e l v e p a i r s , w h i c h f r o m b e f o r e b a c k w a r d a r e c a l l e d t h e o l 

f a c t o r y , o p t i c , m o t o r o c u l i , t r o c h l e a r i s , t r i g e m i n i , a b d u c e n s , 

f a c i a l , a u d i t o r y , g l o s s o - p h a r y n g e a l , p n e u m o g a s t r i c , s p i n a l ac

ces so ry , a n d h y p o - g l o s s a l . A l l o f t h e s e , e x c e p t i n g t h e n i n t h , 

t e n t h , a n d e l e v e n t h p a i r s , a r e c o n f i n e d i n t h e i r d i s t r i b u t i o n t o 

t h e h e a d ; w h i l e t h e o t h e r t h r e e h a v e a d i s t r i b u t i o n t o t h e 

s t r u c t u r e s o f t h e n e c k a n d t r u n k . 

THE OLFACTORY NERVE. 

The first cranial nerve or nerve of smell consists (1) of 

t h r e e r o o t s ; ( 2 ) a n o l f a c t o r y p r o c e s s ; (3 ) a b u l b ; a n d (4 ) t e r 

m i n a l b r a n c h e s , w h i c h a r e d i s t r i b u t e d t o t h e c a v i t i e s o f t h e 

nose . 

T h e t h r e e r o o t s a r e c a l l e d t h e external, middle, a n d in

ternal. 

T h e e x t e r n a l r o o t a r i s e s a p p a r e n t l y f r o m t h e p o s t e r i o r b o r 

d e r o f t h e f i s s u r e o f S y l v i u s , a n d i s s a i d t o b e t r a c e a b l e t o t h e 

c o r p u s s t r i a t u m , t h e a n t e r i o r c o m m i s s u r e , t h e o p t i c t h a l a m u s , 

a n d t h e i s l a n d o f R e i l . T h e i n t e r n a l o r s h o r t r o o t i s s a i d b y 

F o v i l l e t o b e c o n n e c t e d w i t h t h e l o n g i t u d i n a l f i b e r s o f t h e 

g y r u s f o r n i c a t u s . T h e m i d d l e o r g r a y r o o t a r i s e s f r o m a 

p y r a m i d a l m a s s o f g r a y m a t t e r , t h e earuncula mammilla r is. 

1 Willis has divided the cranial nerves into nine pairs, grouping the seventh and 
eighth nerves as one pair, and the ninth, tenth, and eleventh as one pair. 
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A l l t h r e e o f t h e r o o t s j o i n t o f o r m a b a n d , w h i c h i s p r i s m o i d a l 

i n f o r m ( t h e o l f a c t o r y p r o c e s s o r t r a c t ) , w h i c h passes f o r w a r d 

FIG. 27.—Roots of the cranial nerves. (Hirschfeld.) 
I . First pair; olfactory. 

I I . Second pair,; optic. 
I I I . Third pair; motor oculi communis. 
IV. Fourth pair; patheticus. 
V. Fifth pair; nerve of mastication and trifacial. 

V I . Sixth pair; motor oculi externus. 

X. Pneumogastric, > Eighth pair. 
X I . Spinal accessory, ) 

X I I . Ninth pair; sublingual. 
The numbers 1 to 15 refer to branches which will be described hereafter. 

a l o n g t h e floor o f t h e b r a i n i n a d e e p s u l c u s t i l l i t e x p a n d s 

i n t o t h e t e r m i n a l e n l a r g e m e n t , k n o w n as t h e " o l f a c t o r y b n l b , " 

o r " g a n g l i o n . " T h i s t e r m i n a l e n l a r g e m e n t l i e s u p o n t h e 

upper surface o f t h e cribriform plate o f t h e e t h m o i d b o n e , 

t h r o u g h t h e n u m e r o u s f o r a m i n a o f w h i c h i t s b r a n c h e s escape, 

as s m a l l , t h r e a d - l i k e f i l a m e n t s ; w h i c h s u b s e q u e n t l y f o r m a 

p l e x u s u p o n t h e s u r f a c e o f t h e S c h n e i d e r i a n , o r p i t u i t a r y , 

m e m b r a n e o f t h e nose . 
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FIG. 28.— Olfactory ganglion and nerves. (Hirschfeld.) 
1, olfactory ganglion and nerves ; 2, branch of the nasal nerve; 3, sphenopalatine gan

glion; 4, 7, branches of the great palatine nerve; 5, posterior palatine nerve; 6, mid
dle palatine nerve; 8, 9, branches from the spheno-palatine ganglion; 10,11,12, 
Vidian nerve and its branches; 13, external carotid branch from the superior cervical 
ganglion. 

T h e filaments o f t h e o l f a c t o r y n e r v e a r e d e s c r i b e d b y 

M e s s r s . T o d d a n d B o w m a n 1 as d i f f e r i n g i n t h e i r s t r u c t u r e 

f r o m t h e o r d i n a r y filaments f o u n d 

i n t h e o t h e r c r a n i a l n e r v e s , i n t h a t 

t h e y c o n t a i n n o w h i t e s u b s t a n c e o f 

S c h w a n n , a n d a r e n u c l e a t e d a n d fine

l y g r a n u l a r i n t e x t u r e . T h i s a b s e n c e 

o f t h e w h i t e s u b s t a n c e , f o u n d i n 

o t h e r n e r v e s , r e n d e r s i t d i f f i c u l t t o 

t r a c e t h e i r c o u r s e i n t h e S c h n e i d e r i a n 

m e m b r a n e ; w h i c h d i f f i c u l t y i s s t i l l 

f u r t h e r e n h a n c e d b y t h e e x i s t i n g n u 

c l e i , w h i c h r e s e m b l e t h o s e o f t h e t i s 

sues t h r o u g h w h i c h t h e y pass . 

T h e l i m i t o f d i s t r i b u t i o n o f t h e 

o l f a c t o r y n e r v e s seems t o b e c o n f i n e d 

t o t h e s u p e r i o r t h r e e f o u r t h s o f t h e 

s e p t u m o f t h e n o s e , t h e s u p e r i o r t u r 

b i n a t e d b o n e , t h e u p p e r h a l f o f t h e 

m i d d l e t u r b i n a t e d b o n e , a n d t h e r o o f 
1 "Physiological Anatomy." 

FIG. 29.— Terminal filaments of 
the olfactory nerves ; magnified 
30 diameters. (Kolliker.) 

1, from the frog—a, epithelial 
cells of the olfactory region ; 
b, olfactory cells. 2. Small 
branch of the olfactory nerve 
of the frog, separating at one 
end into a brush of varicose 
fibrils. 3. Olfactory cell of 
the sheep. 
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o f t h e n a s a l c a v i t i e s ; a l l o f w h i c h seems t o b e d e n n e d b y a 

b r o w n - c o l o r e d t e s s e l a t e d e p i t h e l i u m . 

O d o r o u s p a r t i c l e s , p r e s e n t i n t h e i n s p i r e d a i r , as t h e y pass 

t h r o u g h t h e l o w e r c h a m b e r s o f t h e na res , a r e d i f f u s e d i n t o 

t h e u p p e r n a s a l c h a m b e r s , a n d , f a l l i n g u p o n t h e o l f a c t o r y 

e p i t h e l i u m , 2 p r o d u c e s e n s o r y i m p u l s e s w h i c h a r e t r a n s m i t t e d 

t o t h e b r a i n a n d g i v e r i s e t o t h e s e n s a t i o n s o f s m e l l . 

F o r c e d i n s p i r a t i o n , o r s n i f f i n g , i nc reases t h e u p w a r d d i f 

f u s i o n o f i n s p i r e d a i r , a n d t h u s a m o r e c o m p l e t e c o n t a c t o f 

t h e o d o r o u s p a r t i c l e s i s i n s u r e d . 

I t seems t h a t , f o r t h e d e v e l o p m e n t o f s m e l l , t h e o d o r o u s 

p a r t i c l e s m u s t be t r a n s m i t t e d t o t h e n a s a l m u c o u s m e m b r a n e 

i n a gaseous m e d i u m , as t h e s i m u l t a n e o u s c o n t a c t o f f l u i d s 

d e s t r o y s a l l a p p r e c i a t i o n o f o d o r . 2 

A n i m a l s w i t h a v e r y a c u t e sense o f s m e l l h a v e a m o d i f i e d 

a r r a n g e m e n t o f t h e t u r b i n a t e d bones , t o a f f o r d a l a r g e r ex

p a n s e o f s u r f a c e t h a n e x i s t s i n m a n . 

I t ha s b e e n a s s e r t e d b y s o m e p h y s i o l o g i s t s t h a t t h e o l f a c 

t o r y n e r v e i s n o t t h e o n l y n e r v e o f s m e l l , a n d M a g e n d i e 

c l a i m e d t h a t a n i m a l s c o u l d p e r c e i v e t h e o d o r o f s o m e sub

s tances a f t e r t h e o l f a c t o r y b u l b s h a d b e e n r e m o v e d . H e u s e d 

a m m o n i a , h o w e v e r , as a t e s t i n h i s e x p e r i m e n t s , w h i c h i s 

h a r d l y a t e s t o f s m e l l , as i t i s a p o w e r f u l s t i m u l a n t t o t h e f i f t h 

n e r v e . 

B e r n a r d 3 r e p o r t s cases o f absence o f t h e o l f a c t o r y b u l b s 

i n m a n , w h e r e s m e l l e x i s t e d d u r i n g l i f e . P r e v o s t , * h o w e v e r , 

c l a i m s t h a t s e c t i o n o f t h e o l f a c t o r y b u l b s e n t i r e l y d e s t r o y s t h e 

sense o f s m e l l . I n j u r y t o t h e fifth nerve m a y a l so d e s t r o y 

s m e l l , e v e n w h e r e t h e o l f a c t o r y n e r v e r e m a i n s i n t a c t ; b u t t h i s 

e f f e c t i s h a r d l y a p r o o f t h a t t h e n e r v e i s i n a n y w a y r e l a t e d t o 

t h a t s p e c i a l sense, s ince t h e e f f e c t i s p r o b a b l y d u e t o a n altered 

condition of the nasal mucous membrane, w h i c h p r e v e n t s i t s 

p e r f o r m i n g i t s n a t u r a l f u n c t i o n . T h e los s o f s m e l l m a y , 

t h e r e f o r e , b e o f s o m e d i a g n o s t i c v a l u e , i f a s s o c i a t e d w i t h o t h e r 

s y m p t o m s r e f e r a b l e t o i m p a i r m e n t o f t h e f i f t h c r a n i a l n e r v e . 

1 Max Schultze. 2 Mich. Foster, " Text-Book of Physiology." 
3 " Syst. nerv.," vol. i i . 4 "Archives de sci. phys. et nat.," 1871. 
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I t s e e m s n e c e s s a r y , i n a l l a n i m a l s w h i c h l i v e i n t h e a i r , 

t h a t a l l o d o r o u s m a t e r i a l s m u s t e n t e r t h e n o s t r i l t o b e p e r 

c e i v e d , a n d , f u r t h e r m o r e , t h a t t h e m e m b r a n e o f t h e n o s e m u s t 

b e i n a p r o p e r c o n d i t i o n o f m o i s t u r e ; h e n c e , b y b r e a t h i n g -

t h r o u g h t h e m o u t h , t h e m o s t d i s a g r e e a b l e o f o d o r s m a y u s u 

a l l y b e u n p e r c e i v e d , a n d t h e b l u n t e d s e n s i b i l i t y o f t h e p o w e r 

o f s m e l l , w h i c h o c c u r s i n c a t a r r h , m a y p l a u s i b l y b e e x p l a i n e d 

as t h e r e s u l t o f a d e f i c i e n t s e c r e t i o n i n t h e e a r l y s t a g e o f t h e 

a t t a c k , a n d o f e x c e s s i v e s e c r e t i o n l a t e r o n i n t h e d i sease . 

T h e c u r i o u s e f f e c t s o f s e c t i o n o r i n j u r y o f t h e f i f t h c r a n i a l 

n e r v e u p o n t h e sense o f s m e l l m a y j u s t l y b e a t t r i b u t e d t o t h e 

a l t e r a t i o n i n t h e a m o u n t o f s e c r e t i o n o f t h e l i n i n g m e m b r a n e 

o f t h e nose , s i n c e t h i s n e r v e e x e r t s a m a r k e d i n f l u e n c e u p o n 

t h e s e c r e t i o n s o f t h e t i s s u e s s u p p l i e d b y i t . 

FIG. 30.—Internal branches of the of/actor// nerve. (After Sappey.) 
1, internal branches of the olfactory bulb, ramifying in the mucous membrane covering 

the septum of the nasal fossae; 2, internal branch of the ethmoidal division of the 
nasal nerve; 3, naso-palatine nerves; 4, 5, 6, cavernous plexus; 7, superior or 
ascending branches of this plexus; 8, internal carotid branch from the superior cer
vical ganglion; 9, 9, filaments connecting this branch with the external carotid 
branch; 10, origin of this branch ; 11, ganglion of the glosso-pharyngeal; 12, jugu
lar ganglion of the pneumogastric; 13, anastomotic filaments extending from the 
sympathetic to the two preceding nerves ; 14, anastomosis of the spinal accessory 
with the pneumogastric; 15, filament connecting the sympathetic with the hypo
glossal ; I , olfactory; I I , optic ; I I I , motor oculi; IV, patheticus; V, trigeminus ; 
V I , abducens; V I I , facial; V I I I , auditory; IX, glosso-pharyngeal; X, pneumogas
tric; X I , spina! accessory; X I I , hypo-glossal. 

The act of sneezing, by which a forcible blast of air is 

d r i v e n t h r o u g h t h e n o s t r i l s , i s o f t e n a n e f f o r t o n t h e p a r t o f 

N a t u r e t o g e t r i d o f s o m e i r r i t a t i n g s u b s t a n c e ; a n d t h u s , 
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t h r o u g h t h e a g e n c y o f t h e f i f t h n e r v e , i s t h e nose m a d e t h e 

portal of the respiratory apparatus, w h e r e c o g n i z a n c e o f t h e 

q u a l i t y o f t h e a i r b r e a t h e d i s c o n s t a n t l y t a k e n , a n d w h e r e a l l 

f o r e i g n o r i n j u r i o u s m a t t e r s a r e a t o n c e d e t e c t e d , a n d o f t e n 

e x p e l l e d . 

A m a r k e d p e c u l i a r i t y o f t h e o l f a c t o r y n e r v e i s s h o w n b y 

t h e f a c t t h a t n o f o r m o f i r r i t a t i o n o f i t s f i b e r s e x c i t e s r e f l e x 

m u s c u l a r a c t i o n t h r o u g h o t h e r n e r v e s ; 1 n e i t h e r i s i t c a p a b l e 

o f t h e s e n s a t i o n o f p a i n , s i nce s e c t i o n o f t h e n e r v e , o r e v e n t h e 

d e s t r u c t i o n o f t h e o l f a c t o r y g a n g l i a , seems t o c r e a t e n o s p e c i a l 

d i s t r e s s i n a n i m a l s , a n d t h e nose r e t a i n s i t s n o r m a l s e n s i t i v e 

ness u n t i l t h e fifth n e r v e i s a l s o d i v i d e d . 

T h e o l f a c t o r y n e r v e , h o w e v e r , m a y b e t h e s o u r c e o f a n o t h e r 

v a r i e t y o f m a r k e d r e f l e x a c t i o n . M a n y cases a r e r e c o r d e d 

w h e r e fainting a n d vomiting h a v e b e e n p r o d u c e d b y c e r t a i n 

o d o r s ; w h i l e , f o r s o m e u n e x p l a i n e d r e a s o n , m e n t a l associa

t i o n s c l u s t e r a r o u n d s e n s a t i o n s o f s m e l l m o r e s t r o n g l y t h a n 

a n y o t h e r f o r m o f i m p r e s s i o n r e c e i v e d f r o m w i t h o u t . 2 

T h e i m p o r t a n c e o f t h e sense o f s m e l l a m o n g m a n y o f t h e 

l o w e r a n i m a l s , i n g u i d i n g t h e m t o t h e i r f o o d , o r i n g i v i n g 

t h e m w a r n i n g o f d a n g e r , a n d a l s o i n e x c i t i n g t h e s e x u a l f e e l 

i n g s , i s w e l l k n o w n . A m o n g t h e savage t r i b e s , w h o s e senses 

a r e m o r e c u l t i v a t e d t h a n t h o s e o f c i v i l i z e d n a t i o n s , t h e scent 

i s a l m o s t as a c u t e as i n t h e l o w e r m a m m a l i a . I t i s a s s e r t e d b v 

H u m b o l d t t h a t t h e P e r u v i a n I n d i a n s , i n t h e m i d d l e o f t h e 

n i g h t , c a n t h u s d i s t i n g u i s h t h e d i f f e r e n t races , w h e t h e r E u r o 

p e a n , A m e r i c a n , I n d i a n , o r N e g r o . 

T h e a g r e e a b l e o r d i s a g r e e a b l e c h a r a c t e r a s s i g n e d t o a n y 

p a r t i c u l a r o d o r i s b y n o m e a n s c o n s t a n t a m o n g d i f f e r e n t i n d i 

v i d u a l s . M a n y o f t h e l o w e r a n i m a l s pas s t h e i r w h o l e l i v e s 

i n t h e m i d s t o f o d o r s w h i c h a r e t o m a n ( i n a c i v i l i z e d c o n d i 

t i o n ) i n t h e h i g h e s t d e g r e e r e v o l t i n g , a n d w i l l e v e n r e f u s e t o 

t o u c h f o o d u n t i l i t i s f a r a d v a n c e d i n p u t r i d i t y . 3 

1 Carpenter, " Principles of Physiology." The act of vomiting may possibly be con
sidered as an exception to this statement. 

2 Mich. Foster, " Text-Book of Physiology," 1830; Todd and Bowman, " Physiologi
cal Anatomy." 

3 Carpenter, " Principles of Human Physiology." 



ABNORMALITIES OF THE OLFACTORY SENSE. 1 0 1 

It is difficult to say when effluvia have been completely 

r e m o v e d f r o m t h e n a s a l pa s sages , s i n c e i t i s n o t u n l i k e l y t h a t 

o d o r o u s p a r t i c l e s ( s u p p o s i n g s u c h t o e x i s t ) a r e o f t e n a b 

s o r b e d , o r p o s s i b l y d i s s o l v e d b y t h e m u c o u s s e c r e t i o n . I t 

f r e q u e n t l y h a p p e n s , i n r e g a r d t o o d o r s a n d s a v o r s , t h a t h a b i t 

m a k e s t h a t a g r e e a b l e , a n d e v e n s t r o n g l y r e l i s h e d , w h i c h w a s 

a t first a v o i d e d ; t h e t a s t e o f a n e p i c u r e f o r g a m e t h a t h a s 

a c q u i r e d t h e f u m e t , f o r a s s a f c e t i d a , g a r l i c , e t c . , i s a n i n s t a n c e 

o f t h i s . A case i s r e p o r t e d , w h e r e , i n a s t a t e o f h y p n o t i s m , a 

y o u t h h a d h i s sense o f s m e l l so r e m a r k a b l y h e i g h t e n e d as t o 

b e a b l e t o a s s i g n , w i t h o u t t h e l e a s t h e s i t a t i o n , a g l o v e p l a c e d 

i n h i s h a n d t o i t s r i g h t o w n e r , i n t h e m i d s t o f a b o u t t h i r t y 

p e r s o n s , t h e b o y h i m s e l f b e i n g b l i n d f o l d e d ; 1 b u t m o d i f i e d 

f o r m s o f t h i s e x c e s s i v e d e v e l o p m e n t o f t h i s p o w e r o f s m e l l 

a r e b y n o m e a n s r a r e . 

T h e w o r d " t a s t e " i s o f t e n u s e d w h e n t h e w o r d " s m e l l " 

s h o u l d b e e m p l o y e d . W e s p e a k o f t a s t i n g o d o r i f e r o u s s u b 

s tances , s u c h as o n i o n s , w i n e s , e t c . , w h e n i n r e a l i t y w e o n l y 

s m e l l t h e m as w e h o l d t h e m i n t h e m o u t h . T h i s i s p r o v e d b y 

t h e f a c t t h a t t h e s o - c a l l e d t a s t e o f t h e s e t h i n g s i s l o s t w h e n 

t h e nose i s h e l d o r t h e n a s a l m e m b r a n e r e n d e r e d i n e r t b y a 

c a t a r r h . 3 

CLINICAL POINTS AFFORDED BY THE OLFACTORY NERVE. 

T h e n e r v e s o f s m e l l m a y b e c o m e t h e sea t o f d i sease , o r m a y 

s i m p l y m a n i f e s t t h e p r e s e n c e o f d i s e a s e i n o t h e r p a r t s . T h e 

t w o c o n d i t i o n s , w h i c h a r e c l i n i c a l l y r e c o g n i z e d as i n d i c a t i v e o f 

e x i s t i n g d i sease , a r e h y p e r s e s t h e s i a a n d a n a e s t h e s i a — n o t o f 

t h e s e n s i b i l i t y o f t h e p a r t , i n i t s g e n e r a l l y a c c e p t e d sense, b u t 

a n i n c r e a s e o r d e c r e a s e o f t h e a c u t e n e s s o f t h e o l f a c t o r y sense . 3 

1 Carpenter, op. cit. 
' Foster, op. cit. 
3 According to Althaus, i f the mucous membrane of the nose be irritated with very 

strong galvanic currents, the taste of phosphorus is produced; but no perception of odors 
is perceived, although pain, vertigo, and sensations of light may be created. I t is cus
tomary, therefore, to use other means for the purpose of testing the acuteness of this 
special sense, and the most successful method consists of making the patient smell differ
ent odors, using the nostrils alternately, and avoiding all things, as tests, which would create 
an irritation of the filaments of the fifth nerve, such as ammonia, acetic acid, snuff, etc. 
(Hence the defect in Magendie's experiments mentioned on page 98.) I t is advisable 

9 
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To the former condition, the term '' Jiyperosmia'' is applied, 

w h i l e t h e l a t t e r i s c a l l e d "anosmia" 

T h e c o n d i t i o n o f h y p e r o s m i a i s o f t e n p e r c e i v e d , as a t e m 

p o r a r y e x c i t a t i o n , i n p a t i e n t s r e c o v e r i n g f r o m s o m e p r o l o n g e d 

d isease w h i c h h a s e x h a u s t e d t h e i r n e r v o u s p o w e r , a n d a l so 

i n t h e h y s t e r i c a l a n d i n s a n e . 1 S h o u l d t h e p r e s e n c e o f u n 

n a t u r a l o d o r s , o r a m a r k e d i n c r e a s e o f t h e s u s c e p t i b i l i t y t o 

o d o r s , e x i s t i n t h e i n s a n e , i t m a y i n d i c a t e t h e e x i s t e n c e o f 

s o m e t y p e o f n e o p l a s m i n v o l v i n g t h e f r o n t a l l o b e s a t t h e base 

o f t h e c e r e b r u m , l o c a l i z e d d isease ( s o f t e n i n g , as a r u l e ) o f t h e 

o l f a c t o r y b u l b s , o r a d h e s i o n o f t h e o l f a c t o r y b u l b s t o t h e d u r a 

m a t e r ; s i nce a l l o f t he se c o n d i t i o n s h a v e b e e n f o u n d a t a u t o p 

sies, w h e r e s u c h s y m p t o m s e x i s t e d d u r i n g l i f e . S a n d e r 

r e p o r t s a c u r i o u s case, w h e r e s u c h a s u b j e c t w a s l i a b l e t o 

e p i l e p t i c a t t a c k s , a n d w h e r e t h e a t t a c k s w e r e a s s o c i a t e d w i t h 

a b n o r m a l s e n s a t i o n s o f t a s t e ; t h e a u t o p s y s h o w e d a t u m o r 

o f t h e l e f t o l f a c t o r y b u l b . 

T h e abolition o f t h e sense o f s m e l l i s a s y m p t o m o f g r e a t e r 

f r e q u e n c y , as w e l l as i m p o r t a n c e , t h a n t h e e x c i t a t i o n o f t h a t 

s p e c i a l sense. I n r a r e cases, as i n o n e r e p o r t e d b y C l o q u e t , 

t h e absence o f t h e p o w e r o f s m e l l m a y b e a c o n g e n i t a l d e f e c t . 

A n o s m i a m a y be d e v e l o p e d , as a temporary c o n d i t i o n , d u r i n g 

a n a t t a c k o f a c u t e c a t a r r h a l i n f l a m m a t i o n o f t h e n a r e s , w h i c h 

a l t e r s t h e c h a r a c t e r o f t h e m e m b r a n e , o r , i n c h r o n i c c a t a r r h , 

b y t h e e f f e c t u p o n t h e n a t u r a l m o i s t u r e o f t h e m u c o u s l i n i n g 

o f t h e nose . I t m a y be p r e s e n t i n " B e l l ' s p a r a l y s i s , " 2 s i nce 

t h e f a c i a l n e r v e n o l o n g e r a f f o r d s m o t o r p o w e r t o t h e m u s c l e s 

w h i c h d i l a t e t h e n o s t r i l , a n d t h u s t h e e n t r a n c e o f a i r t o t h e 

u p p e r n a s a l c h a m b e r i s o b s t r u c t e d . A n o s m i a m a y b e o n e o f 

to use odors which are both agreeable and disagreeable ; hence cologne, camphor, musk, 
etc., on the one hand, and valerian, assafoetida, turpentine, sulphureted hydrogen, etc., on 
the other hand, are commonly employed. I t is also customary to place aromatic substances, 
such as coffee, wine, liquors, and cheese, within the mouth, so that the posterior part of 
the nose can perceive them, since the odoriferous particles pass upward by means of the 
pharynx, rather as an imaginary taste, however, than as true olfactory perceptions. 

1 Frequently odors of the most pleasant character, such as those of flowers, etc., may 
occasion fainting, nausea, headache, or even convulsions, in this class of patients ; while 
odors nauseating to others may be tolerated, and, possibly, preferred by them. 

2 For the symptoms of this affection, see pages of this volume descriptive of the facial 
nerve. 
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t h e m a n i f e s t a t i o n s o f t u m o r a t t h e ba se o f t h e b r a i n ; o f a b 

scess o f t h e p i t u i t a r y b o d y ( as r e p o r t e d b y O p p e r t ) ; o f s y p h i 

l i t i c t h i c k e n i n g o f t h e p e r i o s t e u m a n d m u c o u s l i n i n g o f t h e 

n o s e ; o f l e s i o n s r e s u l t i n g i n p a r a l y s i s o f t h e fifth c r a n i a l 

n e r v e , f o r s o m e u n e x p l a i n e d r e a s o n ; o f h y s t e r i a ; a n d , finally, 

o f c e r t a i n t y p e s o f i n s a n i t y . A p a r t i a l l o s s o f s m e l l h a s b e e n 

k n o w n t o f o l l o w t y p h o i d f e v e r a n d m e n i n g i t i s , i n w h i c h case 

t h e sense i s u s u a l l y r e g a i n e d . C h r o n i c r h e u m a t i s m , c h r o n i c 

r h i n i t i s , a n d t r a u m a t i s m , h a v e a l s o p r o v e n e x c i t i n g causes o f 

a t e m p o r a r y b u t s e r i o u s l o s s o f t h e sense o f s m e l l . 1 

THE OPTIC NERVE. 

The second cranial or opticmerve presents for examination 

f r o m b e f o r e b a c k w a r d : 1 , t h e o p t i c n e r v e p r o p e r ; 2, t h e o p 

t i c c o m m i s s u r e ; a n d 3, t h e o p t i c t r a c t . 

T h e optic tracts o f e i t h e r s i d e e x t e n d f r o m t h e i r p o i n t o f 

o r i g i n i n t h e corpora quadrigemina, w h e r e t h e y r e c e i v e a f e w 

fibers f r o m t h e o p t i c t h a l a m u s , 2 t o t h e o p t i c c o m m i s s u r e , t o 

r e a c h w h i c h p o i n t , e a c h i s c o m p e l l e d t o p a s s a r o u n d t h e c r u s 

c e r e b r i . I n t h e i r p a s s a g e a r o u n d t h e c r u s , e a c h t r a c t r e c e i v e s 

a f e w fibers o f a t t a c h m e n t a t i t s a n t e r i o r m a r g i n ; a n d , a f t e r 

l e a v i n g t h e c r u s , j u s t b e f o r e t h e o p t i c c h i a s m i s f o r m e d , e a c h 

r ece ives a d d i t i o n a l fibers f r o m t h e lamina cinerea a n d t h e tu

ber cinereum. 

T h e optic commissure o r chiasm i s f o r m e d b y t h e j u n c 

t i o n o f t h e t w o o p t i c t r a c t s , a n d f r o m i t t h e t w o o p t i c n e r v e s 

d i v e r g e t o p a s s t o t h e i r d i s t r i b u t i o n i n t h e r e t i n a o f e i t h e r 

eye . T h e c o n s t r u c t i o n o f t h e o p t i c c h i a s m i s o f i n t e r e s t b o t h 

f r o m a n a n a t o m i c a l a n d a p h y s i o l o g i c a l s t a n d p o i n t . I n i t , 

f o u r sets o f fibers m a y b e d e m o n s t r a t e d , c a l l e d , r e s p e c t i v e l y , 

1 In almost all cases, where anosmia affects both sides of the nasal cavity, the 
sense of taste is also impaired. Al l aromatic forms of food and wines have a distorted 
flavor. It is claimed by Ogle that the pigment in the olfactory mucous membrane has 
some effect upon the sense of smell. 

3 Physiological experiment seems to point to the angular gyrus as intimately 
connected with the deep fibers of the optic nerve (see pages 51 and 52 of this vol
ume). 
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t h e inter-cerebral f i b e r s , w h i c h a r e s i t u a t e d a t t h e p o s t e 

r i o r p o r t i o n o f t h e c o m m i s s u r e , a n d c o n n e c t t h e t w o h e m i 

s p h e r e s o f t h e c e r e b r u m ; t h e in

ter-retinal fibers, w h i c h a r e s i t u 

a t e d i n t h e a n t e r i o r p o r t i o n o f t h e 

c h i a s m , a n d c o n n e c t t h e r e t i n a o f 

o n e e y e w i t h t h a t o f t h e o t h e r ; t h e 

longitudinal fibers, w h i c h l i e o n 

t h e e x t e r n a l s i d e o f e a c h o f t h e 

o p t i c t r a c t s , a n d c o n n e c t t h e r e t 

i n a w i t h t h e c e r e b r a l h e m i s p h e r e 

o f t h e s ame s i d e ; a n d , f i n a l l y , 

t h e decussating fibers, w h i c h pass 

t h r o u g h t h e c e n t e r o f t h e o p t i c 

c h i a s m , a n d se rve t o c o n n e c t t h e 

r e t i n a o f e a c h e y e w i t h t h e o p p o 

s i t e c e r e b r a l h e m i s p h e r e . 

T h e optic nerve p r o p e r ar ises 

f r o m t h e a n t e r i o r p a r t o f t h e o p t i c 

c o m m i s s u r e a n d e n t e r s t h e o p t i c 

f o r a m e n , i n c o m p a n y w i t h t h e oph

thalmic artery, b e i n g s u r r o u n d e d 

b y a t u b u l a r p r o c e s s o f d u r a m a t e r , 

w h i c h , as t h e n e r v e e n t e r s t h e or

b i t , s u b d i v i d e s a n d f o r m s b o t h t h e 

s h e a t h o f t h e n e r v e a n d t h e p e r i 

o s t e u m o f t h e o r b i t . T h e n e r v e 

p i e r c e s t h e s c l e r o t i c a n d c h o r o i d c o a t s o f t h e eye , a b o u t one 

t e n t h o f a n i n c h t o t h e i n n e r s i d e o f t h e a x i s o f t h e eye , a n d 

t h e n d i v i d e s i n t o n u m e r o u s s m a l l f i b r i l s , w h i c h a p p e a r t o 

s p r e a d t h e m s e l v e s o u t f r o m t h e p a p i l l a o f t h e r e t i n a some

w h a t l i k e t h e s p o k e s o f a w h e e l . 

I n t h e a c c o m p a n y i n g d i a g r a m , 1 w h i c h i s n o t g i v e n as a n 

a c c u r a t e r e p r e s e n t a t i o n o f t h e p a r t s , b u t r a t h e r as a n a i d t o 

m e m o r y , a n d t o r e n d e r p l a i n w h a t w o r d s a l o n e m i g h t m a k e 

o b s c u r e , t h e f i b e r s o f t h e o p t i c n e r v e a r e seen t o e n t e r t h e re -

FiG. 31.— Optic tracts, commissure, 
and nerves. (Hirschfeld.) 

1, infundibulum ; 2, corpus cinere
um ; 3, corpora albicantia ; 
4, cerebral peduncle; 5, tuber 
annulare ; 6, optic tracts and 
nerves, decussating at the com
missure, or chiasm ; 7, motor 
oculi communis ; 8, patheticus; 
9, fifth nerve; 10, motor oculi 
externus ; 11, facial nerve ; 12, 
auditory nerve; 13, nerve of 
Wrisberg ; 14, glosso-pharyn
geal nerve ; 15, pneumogastric; 
16, spinal accessory; 17, sub
lingual nerve. 

1 After Weber, of Darmstadt. (See page 105.) 
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tina at the point designated by the letter P, which is called 

t h e papilla, s i n c e , a t t h i s p o i n t , t h e r e t i n a i s s l i g h t l y r a i s e d 

a b o v e t h e r e m a i n i n g p o r t i o n . T h i s p a p i l l a i s n o t i n t h e e x a c t 

c e n t e r o f t h e r e t i n a , s i n c e t h a t p o i n t i s r e s e r v e d f o r t h e macula 

lutea, i n t h e c e n t e r o f t h e s o - c a l l e d " y e l l o w s p o t o f S o m m e r -

i n g , " w h e r e t h e m o s t e x a c t v i s i o n o f e x t e r n a l o b j e c t s i s o b -

FIG. 32.—Diagram of the decussation at FIG. 33.—A diagram to show the course of 
the optic commissure. (After Flint.) the optic fibers in the retina. (After Weber.) 

The dotted lines show the four direc- P, the papilla, where the optic nerve enters ; 
tions of the fibers. M, the macula lutea. 

t a i n e d ; b u t i t i s p l a c e d t o t h e inner side of the center, a n d 

n e a r l y o n t h e s a m e l e v e l w i t h t h e y e l l o w s p o t . I t w i l l b e 

seen t h a t t h o s e n e r v e fibers w h i c h a r e d i s t r i b u t e d t o t h e yellow 

spot o f S o m m e r i n g a r e d i r e c t e d o u t w a r d i n a n e a r l y s t r a i g h t 

l i n e f r o m t h e p a p i l l a , as a r e a l s o t h o s e w d i i c h s u p p l y t h e p a r t 

i n t e r n a l t o t h e p a p i l l a ; b u t t h a t , i n o r d e r t o a v o i d c r o s s i n g 

t h e y e l l o w s p o t , t h e fibers a r e c o m p e l l e d t o p a s s i n a m o r e 

o r l e ss c u r v e d d i r e c t i o n t o t h e o t h e r p a r t s o f t h e r e t i n a , 

w h e r e a s , i f t h e p a p i l l a w e r e i n t h e e x a c t c e n t e r , t h e fibers 

o f t h e o p t i c n e r v e w o u l d p r o b a b l y h a v e b e e n s t r a i g h t , a n d 

a r r a n g e d as t h e r a d i i o f a c i r c l e . T h i s a r r a n g e m e n t o f t h e 

o p t i c fibers d i f f e r s f r o m t h a t d e s c r i b e d b y s o m e o f t h e t e x t 

b o o k s o n p h y s i o l o g y , o n e o f w h i c h , t o m y k n o w l e d g e , s t a t e s 

t h a t t h e y a r e a r r a n g e d as a p l e x u s , a n d t h a t t h e f r e q u e n t 

i n o s c u l a t i o n g i v e s a p e c u l i a r " n e t - l i k e " a p p e a r a n c e t o t h e 
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o p t i c f i b e r s . 1 P r o b a b l y t r i e f a c t t h a t t h e n e r v e f i b e r s lose 

t h e i r s h e a t h s as s o o n as t h e y e n t e r t h e r e t i n a , a n d t h u s , 

u n l e s s t h e y be p r e v i o u s l y s t a i n e d , a f f o r d s o m e d i f f i c u l t y i n 

t r a c i n g t h e m , e x p l a i n s t h e e r r o r i n d e s c r i p t i o n . 

REFLEX ACTS EXCITED BY THE OPTIC NERVE. 

T h e o p t i c n e r v e d i f f e r s f r o m t h e o l f a c t o r y n e r v e i n o n e i m 

p o r t a n t r e spec t , v i z . , i n i t s p o w e r o f c o n v e y i n g i m p r e s s i o n s 

w h i c h c r e a t e r e f l e x m u s c u l a r m o v e m e n t s . 2 T h e m o t i o n s o f t h e 

i r i s a r e a l w a y s i n f l u e n c e d b y t h e a m o u n t o f l i g h t w h i c h en t e r s 

t h e eye , a n d w h i c h t h u s a f f e c t s t h e o p t i c n e r v e f i l a m e n t s . 

W h e n t h e o p t i c n e r v e i s d i v i d e d , t h e pupil immediately con

tracts, u n l e s s t h e t h i r d c r a n i a l n e r v e , w h i c h c o n t r o l s i t s m o v e 

m e n t s , i s a l so s eve red , w h e n t h e i r i s f a i l s t o b e so a f f e c t e d . ' 

I n r a r e cases o f d isease , w h e r e t h e s i g h t o f o n e e y e h a s b e e n 

d e s t r o y e d b y s o m e l e s i o n o f t h e o p t i c n e r v e , t h e p u p i l o f t h e 

a f f e c t e d e y e w i l l b e f o u n d t o m o v e i n u n i s o n w i t h t h e u n i n 

j u r e d e y e ; b u t t h i s e f f e c t i s t o b e a t t r i b u t e d t o a m o t o r i m p u l s e 

c r e a t e d b y t h e i n f l u e n c e o f l i g h t u p o n t h e r e t i n a o f t h e n o r m a l 

o r g a n . I n s o m e cases a l so , w h e r e t h e t i s s u e o f t h e h e m i 

s p h e r e s h a s u n d e r g o n e c h a n g e s w h i c h r e n d e r t h e p e r c e p t i o n 

o f o b j e c t s i m p o s s i b l e , t h e p u p i l m a y s t i l l b e seen t o r e s p o n d 

t o t h e v a r i a t i o n s o f t h e q u a n t i t y o f l i g h t w h i c h e n t e r s t h e 

c h a m b e r o f t h e e y e ; t h u s s h o w i n g t h a t t h e optic nerve alone 

i s r e q u i r e d t o c r ea t e t h e r e f l e x a c t u p o n t h e p u p i l t h r o u g h 

t h e t h i r d n e r v e , i r r e s p e c t i v e o f t h e b r a i n . 

I n a d d i t i o n t o t h e p o w e r o f t h e o p t i c n e r v e t o cause 

c h a n g e s i n t h e p u p i l , t h e r e i s s t i l l a n o t h e r f o r m o f r e f l e x a c t 

w h i c h dese rves n o t i c e , v i z . , i t s p o w e r o f p r o d u c i n g c o n t r a c t i o n 

o f t h e orbicularis palpebrarum m u s c l e . T h i s i s p e r c e i v e d 

w h e n a n e x c e s s i v e q u a n t i t y o f l i g h t r e n d e r s t h e e f f e c t u p o n 

1 Carpenter, op. cit. 
2 Carpenter, op. cit. (It is a question if fainting and vomiting can not be often justly 

regarded as reflex muscular acts, dependent upon the sensations perceived throuoli the 
olfactory nerve.) 

3 Doubtless on account of the simultaneous division of sympathetic nerve fibers which 
are probably derived from the fifth nerve ; these accompany the optic nerve and thus con
trol the dilating fibers of the iris. 
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t h e r e t i n a o n e o f p a i n , o r w h e n o b j e c t s t o b e p e r c e i v e d a r e 

b r o u g h t i n t o t o o c l o s e p r o x i m i t y t o t h e e y e . T h u s , i n p h o t o 

p h o b i a , t h e p e c u l i a r h a l f - c l o s e d c o n d i t i o n o f t h e e y e i s n o t 

p u r e l y a v o l u n t a r y a c t , as t h e e y e i s , a t t h e s a m e t i m e , r o l l e d 

u p w a r d a n d i n w a r d t o a m u c h g r e a t e r e x t e n t t h a n c a n b e p e r 

f o r m e d i n r e s p o n s e t o a m e r e l y v o l u n t a r y e f f o r t . 

T h e a c t o f sneezing m a y o f t e n b e e x c i t e d b y t h e v i s u a l 

sense, w h e n a s u d d e n e x p o s u r e o f t h e e y e s t o a s t r o n g l i g h t 

o c c u r s . T h a t t h i s r e f l e x p h e n o m e n o n i s d u e t o t h e e x c i t a t i o n 

o f t h e o p t i c , a n d n o t t o t h e o l f a c t o r y n e r v e , i s p r o v e n b y t h e 

f a c t t h a t , u n l e s s t h e light be seen, t h e a t t a c k o f s n e e z i n g d o e s 

n o t t a k e p l a c e . 

DECUSSATION OF THE OPTIC FIBERS. 

T h e o b j e c t o f t h e d e c u s s a t i o n o f t h e fibers o f t h e o p t i c 

n e r v e h a s b e e n e x p l a i n e d b y W o l l a s t o n , 1 M a y o , 2 a n d o t h e r s , 

as a n a r r a n g e m e n t o n t h e p a r t o f N a t u r e t o h a v e t h e fibers, 

w h i c h s p r i n g f r o m e a c h o p t i c g a n g l i o n , d i s t r i b u t e d t o t h e c o r 

r e s p o n d i n g s i d e o f e a c h r e t i n a ; t h e right optic ganglion be 

i n g t h u s a s s o c i a t e d w i t h t h e outer portion o f t h e r e t i n a o f t h e 

right eye a n d t h e inner portion o f t h e l e f t eye, w h i l e t h e l e f t 

ganglion i s d i s t r i b u t e d t o t h e outer portion o f t h e l e f t eye 

a n d t h e inner portion o f t h e right eye. I f t h i s b e d e m o n 

s t r a t e d as t r u e , e a c h o p t i c g a n g l i o n m u s t p e r c e i v e o b j e c t s o n 

t h e s i d e o p p o s i t e t o i t ; s i n c e t h e i m a g e s o f t h i n g s seen b y t h e 

r e t i n a m u s t f a l l u p o n t h e o u t e r s i d e o f t h e l e f t e y e , w h e n 

p l a c e d u p o n t h e r i g h t s i d e o f t h e e y e , a n d v i c e v e r s a . 3 

A s i m i l a r d e c u s s a t i o n o f n e r v e fibers i s k n o w n t o e x i s t i n 

b o t h t h e p o s t e r i o r h o r n s o f t h e s p i n a l c o r d a n d a l s o i n t h e 

a n t e r i o r p y r a m i d s o f t h e m e d u l l a o b l o n g a t a ; a n d t h e s a m e 

a r r a n g e m e n t i n t h e o p t i c n e r v e s , w h i c h a r e k n o w n t o b e o f 

t h e g r e a t e s t v a l u e i n p r e s e r v i n g a harmony of motion t h r o u g h 

o u t t h e b o d y , m a y b e f o r t h e o b j e c t o f b r i n g i n g t h e v i s u a l i m 

p r e s s i o n s i n t o a m o r e d i r e c t a n d p r o p e r a c c o r d w i t h t h e m o t o r 
1 "Philos. Trans.," 1824. 
- See Carpenter's " Physiology." 
3 See bearing of this arrangement on diagnosis of cranial tumors, later on in this 

chapter. 
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a p p a r a t u s . I n s u p p o r t o f t h i s v i e w , i t i s f o u n d t h a t i n t h e 

i n v e r t e b r a t e a n i m a l s , w h e r e t h e o p t i c f i b e r s d o n o t decus 

sate, n o d e c u s s a t i o n o f f i b e r s e x i s t s i n t h e g e n e r a l m o t o r 

s y s t e m . 

I n s o m e a n i m a l s , w h e r e t h e t w o eyes h a v e a n e n t i r e l y d i f 

f e r e n t f i e l d o f v i s i o n , t h e d e c u s s a t i o n o f t h e fibers f r o m e a c h 

o p t i c g a n g l i o n i s f o u n d t o b e c o m p l e t e , 1 t h e l o n g i t u d i n a l set 

b e i n g absen t , a n d t h e w h o l e o f t h e f i b e r s f r o m e a c h g a n g l i o n 

p a s s i n g i n t o t h e o p p o s i t e eye . T h i s a r r a n g e m e n t c a n b e pe r 

c e i v e d i n a l m o s t a l l o f t h e b i r d species 2 a n d i n s o m e o f t h e 

osseous fishes. 

KELATIONS OF OPTIC NERVE IN THE ORBIT. 

The relations of the optic nerve to blood-vessels may have 

o f t e n a b e a r i n g u p o n v i s i o n . I t passes t h r o u g h t h e o p t i c 

1 The decussation of the fibers of the optic nerve seems also to be influenced largely 
by the extent of the field of vision which can be covered by both eyes simultaneously. 
The bundle of decussating fibers differs, in its relative size, from the bundle of non-de
cussating fibers, in different animals, who possess a stereoscopic perception of objects 
(their vision being binocular); and the extent of the field of binocular vision seems to 
explain this fact. I t is said that certain birds (as the hawk, for example) have an addi
tional power of binocular vision afforded them by means of two maculae lutese in each 
retina ; so that, having two spots of distinct vision in each eye, the two eyes can the more 
readily focus suddenly upon any object. 

3 Solly, " The Human Brain " (Am. edition). 

FIG. 34.—Relation of nerve and artery in the optic foramen. 

1.2.5.4 .5.CILIARY ARTERIES. 
FIG. 35.—Relations of optic nerve to vessels in the orbit. 
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f o r a m e n i n c o m p a n y w i t h t h e o p h t h a l m i c a r t e r y , a n d i s s u r 

r o u n d e d , f o r t h e b a l a n c e o f i t s l e n g t h , b y t h e c i l i a r y a r t e r i e s , 

w h i c h l i e i n c l o s e r e l a t i o n w i t h i t . I t i s a l s o pierced b y t h e 

arterla centralis retinae, w h i c h i s t h u s e n a b l e d t o r e a c h t h e 

p a p i l l a o f t h e r e t i n a , a n d , f r o m t h a t p o i n t , t o r a m i f y t h r o u g h 

o u t t h a t m e m b r a n e . 

I t c a n b e r e a d i l y u n d e r s t o o d , t h e r e f o r e , h o w l i a b l e w o u l d 

be a n y v a s c u l a r g r o w t h w i t h i n t h e o r b i t t o p r e s s u p o n t h e 

fibers o f t h e o p t i c n e r v e , o r t o c r e a t e s y m p a t h e t i c c h a n g e s i n 

t h e vesse l s o f t h e r e t i n a i t s e l f ; w h i l e , as a n a n a t o m i c a l f a c t , 

t h e e n o r m o u s c o l l a t e r a l c i r c u l a t i o n w h i c h e x i s t s o n a c c o u n t 

o f t h e f r e q u e n t a n a s t o m o s i s i n t h i s r e g i o n , r e n d e r s s u c h v a s 

c u l a r g r o w t h s w i t h i n t h e o r b i t b y n o m e a n s u n c o m m o n . 

ANATOMICAL DEFECTS OF VISION AND THEIR CONSEQUENCES. 

A r a y o f l i g h t f a l l i n g u p o n t h e r e t i n a s t r i k e s t h e e x p a n s i o n 

o f t h e fibers o f t h e o p t i c n e r v e , a n d c r e a t e s w h a t m a y b e c a l l e d 

a sensation o f l i g h t . W h a t t h i s s e n s a t i o n i s , i t i s n o t w i t h i n 

t h e p r o v i n c e o f t h i s w o r k t o d i s c u s s , n o r i s i t p o s s i b l e , f r o m 

o u r p r e s e n t e n l i g h t e n m e n t , t o e x p l a i n h o w t h e b r a i n t r a n s 

f o r m s i m p r e s s i o n s , r e c e i v e d f r o m t h e fibers o f t h e d i f f e r e n t 

n e r v e s o f s p e c i a l sense, i n t o a n a c t u a l r e c o g n i t i o n o f e i t h e r 

s m e l l , s i g h t , t a s t e , o r h e a r i n g . T h i s s h o u l d n o t d e t e r u s , h o w 

ever , f r o m c a r e f u l l y s t u d y i n g a l l t h e m e c h a n i c a l i n g e n u i t y 

w h i c h N a t u r e h a s s h o w n i n t h e a r r a n g e m e n t o f c e r t a i n p a r t s , 

o r f r o m a t t e m p t i n g t o i n t e r p r e t h e r a i m s a n d p u r p o s e s w h e n 

a n y s u c h s u b j e c t o f i n q u i r y seems t o b e p r e s e n t e d . 

T h e r e a r e c e r t a i n p r a c t i c a l p o i n t s p e r t a i n i n g t o t h e m e c h a n 

i s m o f v i s i o n c o n c e r n i n g w h i c h e v e r y p h y s i c i a n s h o u l d b e i n 

t e l l i g e n t ; s i n c e a r e c o g n i t i o n o f e x i s t i n g o p t i c a l d e f e c t s a n d 

t h e i r b e a r i n g s u p o n h e a l t h w i l l o f t e n e n a b l e t h e m e d i c a l a d 

v i s e r t o g u i d e a r i g h t t h o s e c o n s u l t i n g h i m , w h e n o t h e r w i s e 

s e r i o u s c o n s e q u e n c e s m i g h t f o l l o w t h e v e r y l a c k o f t h i s p r a c 

t i c a l k n o w l e d g e . 

T h e m o s t c o m m o n o p t i c a l d e f e c t s 1 a r e , u n d o u b t e d l y . hy

peropia, o r f a r - s i g h t e d n e s s ; myopia, o r n e a r - s i g h t e d n e s s ; 

1 Bowman and Todd, " Fhy.Mological Anatomy." 
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a n d astigmatism, o r i m p e r f e c t p e r c e p t i o n o f o b j e c t s i n cer

t a i n m e r i d i a n s o f v i s i o n . 

FIG. 36.—Diagram to illustrate congenital or acquired defects in the antero-posterior diam
eter of the eye. The biack line represents the normal line of the eye. No. 1 represents 
the hyperopic eye ; 2, the myopic eye ; 3, the optic nerve. 

The first of these conditions indicates, as a rule, a congeni

t a l o r a c q u i r e d diminution i n t h e antero-posterior axis o f 

t h e e y e . T h u s , as age a d v a n c e s , t h e e y e e i t h e r n a t u r a l l y 

b e c o m e s flattened, o r t h e a b i l i t y t o a c c o m m o d a t e f o r d i s t a n c e 

b e c o m e s i m p a i r e d , a n d v i s i o n n e c e s s a r i l y b e c o m e s h y p e r o p i c ; 

b u t , i n m a n y cases, c h i l d r e n a r e b o r n w i t h t h i s d e f o r m i t y , 

w h i c h o f t e n goes t o o l o n g u n r e c o g n i z e d . W e r e N a t u r e n o t 

a b l e t o c o m p e n s a t e f o r t h i s a b n o r m a l i t y b y m e a n s o f t h e c i l i 

a r y m u s c l e , w h i c h , b y a l t e r i n g t h e s h a p e " o f t h e c r y s t a l l i n e 

l e n s o f t h e eye , i s e n a b l e d t o i n c r e a s e i t s c o n v e x i t y , a n d t h u s 

a r t i f i c i a l l y t o f o c u s n e a r o b j e c t s , s u c h cases w o u l d b e i m m e 

d i a t e l y m a d e k n o w n b y t h e i n a b i l i t y o f t h e p a t i e n t t o r e a d 

o r e v e n t o see n e a r o b j e c t s w i t h d i s t i n c t n e s s . B u t s u c h cases 

g o o n f r o m y e a r t o y e a r , s t r u g g l i n g , w i t h t h e a i d o f t h i s m u s 

c le , t o see, a n d t h u s w e a r i n g o u t t h e i r v i t a l e n e r g y ; t r y i n g 

t o e x c e l i n t h e i r s t u d i e s , o n l y t o f a i l f r o m t h e f a t i g u e w h i c h 

a t t e m p t s a t s t u d y b r i n g a b o u t , w h i c h t h e y t h e m s e l v e s o r t h e i r 

p a r e n t s c a n n o t e x p l a i n , a n d w h i c h o f t e n causes t h e m t o i n 

c u r b o d i l y c h a s t i s e m e n t ; a n d s e e k i n g , as a r e l i e f , o u t - o f - d o o r 

a m u s e m e n t s , i n w h i c h t h e y u s u a l l y e x c e l , s i n c e l i t t l e m u s c u 

l a r e f f o r t i s r e q u i r e d t o p e r c e i v e o b j e c t s a t a d i s t a n c e . 

1 Foster, Volckers, Hensen, and Hock claim that the increased convexity of the lens 
is due to the relaxation of the suspensory ligament, thus allowing the lens to bulge for
ward from its own elasticity. 
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H o w c r u e l a n d i n j u r i o u s t o h e a l t h m u s t b e c o m p u l s o r y 

e d u c a t i o n t o s u c h a o n e , t i l l , b y t h e a i d o f p r o p e r l y a d j u s t e d 

g l a s ses , r e a d i n g b e c o m e s a p l e a s u r e ; s t u d y n o l o n g e r a b u r 

d e n , b u t a j o y ; a n d n e r v o u s h e a d a c h e , t h r o b b i n g i n t h e o r b i t , 

d o u b l e v i s i o n , a n d o t h e r e v i d e n c e s o f n e r v o u s p r o s t r a t i o n , a r e 

n u m b e r e d as a m o n g t h e t h i n g s o f t h e p a s t ! 1 

O n t h e o t h e r h a n d , myopic patients c a n n o t see o b j e c t s a t 

a d i s t a n c e , s i n c e t h e i r e y e s a r e t o o c o n v e x ; b u t o n l y w h e n 

p l a c e d c l o s e t o t h e e y e s a r e t h e b e a u t i e s o f o u t l i n e f u l l y p e r 

c e i v e d , a n d d i s t i n c t v i s i o n r e n d e r e d p o s s i b l e . O u t - o f - d o o r 

e x e r c i s e i s , t o c h i l d r e n o f t h i s t y p e , a b u r d e n a n d a d i s a p 

p o i n t m e n t , s i n c e t h e y c a n n o t e n j o y N a t u r e i n h e r m o s t b e a u 

t i f u l a s p e c t s , n o r i n d u l g e i n s p o r t s w i t h o u t d a n g e r , w h i c h t o 

t h e h e a l t h y c h i l d , w i t h p e r f e c t v i s i o n , i s h a r m l e s s . S u c h 

c h i l d r e n s e e k e n j o y m e n t i n b o o k s , t h e c o n t e n t s o f w h i c h c a n 

be seen b y t h e m a n d e a s i l y r e a d ; t h e f i e l d s a r e d i s c a r d e d f o r 

t h e p a r l o r ; t h e e n f o r c e d r e t i r e m e n t i s w r o n g l y c o n s t r u e d b y 

t h e p a r e n t s a n d p h y s i c i a n as a n i n d i c a t i o n o f p r e c o c i t y a n d a 

t a s t e a b o v e t h a t o f t h e r o m p i n g c h i l d ; t h e h e a l t h i s i m p e r 

i l e d , t h e i n t e l l e c t w e a k e n i n g b y u n d u e s t r a i n , a n d t h e m i n d 

m a d e o n e o f i d e a l s r a t h e r t h a n o f r e a l i t i e s , s i n c e p i c t u r e s a n d 

b o o k r e p r e s e n t a t i o n s a r e t o t h e m N a t u r e i n h e r t r u e a s p e c t s . 1 

Astigmatism i s a c o n d i t i o n d u e t o t h e f a c t t h a t e i t h e r t h e 

s u r f a c e s o f t h e c o r n e a o r o f t h e c r y s t a l l i n e l e n s a r e n o t o f t h e 

same curvature, b u t a r e m o r e c o n v e x i n s o m e p o r t i o n s t h a n 

i n o t h e r s , o r i n t h e p e r p e n d i c u l a r m e r i d i a n t h a n i n t h e h o r i 

z o n t a l . T h i s a b n o r m a l i t y o f c o n t o u r causes a d i s t o r t i o n o f 

t h e i m a g e o f o b j e c t s i n t h e field o f v i s i o n . I f b l a c k l i n e s , o f 

e q u a l w i d t h , b e d r a w n p a r a l l e l w i t h e a c h o t h e r , a n d s e v e r a l 

p l a c e d p e r p e n d i c u l a r l y o n o n e p o r t i o n o f a p a g e a n d s e v e r a l 

h o r i z o n t a l l y o n a n o t h e r p o r t i o n o f t h e s a m e p a g e , s u c h a n e v e 

w i l l see o n e o r t h e o t h e r set e i t h e r less d i s t i n c t l y as t o o u t l i n e , 

o r o n e se t w i l l a p p e a r d a r k e r t h a n t h e o t h e r . 

A l m o s t a l l e y e s a r e s l i g h t l y astigmatic, a n d g e n e r a l l y w i t h 

t h e g r e a t e s t c o n v e x i t y i n t h e v e r t i c a l m e r i d i a n . A n d t h e s a m e 

i r r e g u l a r i t y i n l e n s e s c a n b e d e m o n s t r a t e d b y a t t e m p t i n g t o 

1 See article by Dr. Loring, "Harper's Mag.," August, 1S79. 
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f o c u s l i g h t f r o m a l u m i n o u s p o i n t , w h e n t h e i m a g e w i l l b e 

f o u n d t o b e r a d i a t e d , i n s t e a d o f a p e r f e c t c i r c l e , as i t s h o u l d 

be f r o m a p e r f e c t l en s . 

I n c h o o s i n g spec tac les , f o r t h e p u r p o s e o f c o r r e c t i n g e r r o r s 

o f t h e eye , i t i s o f g r e a t c o n s e q u e n c e n o t t o m a k e a n over

compensation ; f o r t h i s h a s a t e n d e n c y t o i n c r e a s e t h e d e f e c t , 

bes ides o c c a s i o n i n g g r e a t f a t i g u e i n t h e e m p l o y m e n t o f t h e 

s i g h t . 

F r o m o b s e r v a t i o n s p r e v i o u s l y m a d e as t o t h e m e c h a n i s m 

o f t h e a c t i o n o f t h e c i l i a r y m u s c l e u p o n t h e l e n s , b y w h i c h 

v i s i o n i s a c c o m m o d a t e d f o r n e a r o b j e c t s i n case t h e e y e i s 

n o r m a l , i t m a y b e u n d e r s t o o d w h y a l l p o w e r o f a c c o m m o d a 

t i o n o f v i s i o n i s l o s t a f t e r t h e o p e r a t i o n f o r c a t a r a c t . 

A TEST FOR MYOPIA AND HYPEROPIA. 

E B P P T Z D 

D L T Z P P E 

B E P P Z T L 

T h e n o r m a l e y e s h o u l d r e a d l e t t e r s o f t h i s k i n d a n d size 

a t t w e n t y f e e t . V i s i o n i s t h e n s a i d t o b e n o r m a l . I f . t h e e y e 

c a n n o t d o t h i s a t t w e n t y , b u t c a n a t t e n f e e t , t h e n v i s i o n i s 

t e n t w e n t i e t h s , o r o n e h a l f o f t h e n o r m a l , a n d so o n . 

T o t e s t t h e eyes , p l a c e t h e l e t t e r s a t t w e n t y f e e t d i s 

t a n c e , i n a g o o d l i g h t . T r y first o n e e y e , a n d t h e n t h e 

o t h e r . 

A n y e y e w h i c h c a n n o t r e a d t h e l e t t e r s fluently a t t h i s d i s 

t a n c e d e v i a t e s f r o m t h e n o r m a l s t a n d a r d , a n d s h o u l d h a v e a 

t h o r o u g h e x a m i n a t i o n . 

T o t e s t f o r t h e d e f e c t w h i c h h a s b e e n m e n t i o n e d i n t h e 

f o r e g o i n g r e m a r k s as a s t i g m a t i s m , p l a c e t h e d r a w i n g , s h o w -
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i n g p a r a l l e l l i n e s a r r a n g e d v e r t i c a l l y a n d h o r i z o n t a l l y , a t f i f -

t e e n o r t w e n t y f e e t , a n d b e s u r e t o t e s t e a c h e y e s e p a r a t e l y . 

A TEST FOR ASTIGMATISM. 

T h e s e l i n e s s h o u l d a p p e a r e q u a l l y d i s t i n c t ; t h a t i s , t h o s e 

r u n n i n g v e r t i c a l l y s h o u l d l o o k as b l a c k a n d c l e a r l y d e f i n e d as 

t h o s e w h i c h r u n h o r i z o n t a l l y , a n d v i c e v e r s a . I f , h o w e v e r , 

t h e r e i s a n y d i f f e r e n c e b e t w e e n t h e m as t o s h a d e o f c o l o r o r 

d i s t i n c t n e s s o f o u t l i n e , t h e e y e i s a s t i g m a t i c , a n d t h e g r e a t e r 

t h e d i f f e r e n c e , t h e g r e a t e r t h e d e g r e e . S u c h a n e y e as t h i s 

r e q u i r e s p e c u l i a r g lasses , w h i c h c a n o n l y b e d e t e r m i n e d b y a 

c a r e f u l e x a m i n a t i o n , a n d w h i c h h a v e t o b e s e l e c t e d t o fit e a c h 

case. I t m a y b e t h a t a p e r s o n i s n o t a s t i g m a t i c f o r v e r t i c a l o r 

h o r i z o n t a l l i n e s , b u t i s f o r t h o s e r u n n i n g o b l i q u e l y T o t e s t 

t h i s , t u r n t h e d r a w i n g so t h a t w h a t a r e o r d i n a r i l y t h e v e r t i c a l 

l i n e s s h a l l r u n o b l i q u e l y , s ay , a t a n a n g l e o f f o r t y - f i v e d e 

g r e e s . 
I f . n o w , t h i s w e r e a l l , i t w o u l d b e a s i m p l e m a t t e r f o r t h e 
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p a r e n t o r t e a c h e r t o d e t e r m i n e j u s t w h a t c h i l d r e n n e e d e d a 

c a r e f u l e x a m i n a t i o n , b u t , u n f o r t u n a t e l y , t h e r e a r e a l a r g e 

n u m b e r o f c h i l d r e n w h o , as has b e e n a l r e a d y e x p l a i n e d , h a v e 

a d e f i c i e n c y o f o p t i c a l p o w e r , b u t w h o c a n , n e v e r t h e l e s s , n e u 

t r a l i z e t h i s d e f i c i e n c y b y a n e f f o r t , so t h a t t h e y c a n see a t as 

g r e a t a d i s t a n c e a n d as c l e a r l y as t h o s e w h o h a v e n o r m a l eyes . 

T h e s e a re t h o s e w h o m o s t s u f f e r f r o m h e a d a c h e , a n d f r o m a l l 

t h e i l l s o f a n e r v o u s n a t u r e w h i c h h a v e b e e n d e t a i l e d i n t h e 

f o r e g o i n g r e m a r k s . T h e o n l y s a t i s f a c t o r y w a y o u t o f t h e d i f 

f i c u l t y w o u l d a p p e a r t o be , t h a t e v e r y c h i l d s h o u l d h a v e t h e 

o p t i c a l c o n d i t i o n o f t h e e y e a n d t h e a m o u n t o f v i s i o n de t e r 

m i n e d , b e f o r e s c h o o l l i f e b e g i n s , b y s o m e c o m p e t e n t p e r s o n 

t r a i n e d i n t h e m e t h o d s o f m a k i n g t h e s e e x a m i n a t i o n s . 

CHANGES IN THE PTJBIL. 

T h e p u p i l o f t h e e y e m a y b e seen t o d i l a t e w h e n d i s t a n t 

o b j e c t s a re t o b e p e r c e i v e d , a n d t o c o n t r a c t w h e n n e a r o b j e c t s 

a re i n s p e c t e d , s ince , b y so d o i n g , t h e a m o u n t o f l i g h t w h i c h 

e n t e r s t h e e y e i s r e g u l a t e d , a n d t h e d i s t i n c t n e s s o f t h e i m a g e 

i s t h u s i n c r e a s e d . 

I r r i t a t i o n o f t h e o p t i c n e r v e , b y a n e x c e s s i v e q u a n t i t y o f 

l i g h t , a l so c rea tes c o n t r a c t i o n o f t h e p u p i l ; w h i l e t h e same 

c o n d i t i o n m a y be t h e r e s u l t o f s i m p l y t u r n i n g t h e e y e b a l l 

i n w a r d . 1 

I n t h e e a r l y s tages o f anaes thes ia 2 f r o m c h l o r o f o r m , i n 

a l c o h o l i c e x c i t e m e n t , i n p o i s o n i n g f r o m m o r p h i a , p h y s o s t i g -

m i n , a n d some o t h e r d r u g s , a n d , f i n a l l y , i n d e e p s l u m b e r , t h e 

p u p i l s a re f o u n d t o b e contracted. 

Dilatation o f t h e p u p i l m a y b e d e p e n d e n t u p o n a d i m 

l i g h t , a n a t t e m p t t o v i e w d i s t a n t o b j e c t s , e m o t i o n a l e x c i t e 

m e n t , t h e l a t t e r s tages o f anaes thes ia f r o m c h l o r o f o r m , a n d 

f r o m b e l l a d o n n a p o i s o n i n g a n d t h a t o f d r u g s o f s i m i l a r 

a c t i o n ; w h i l e i t m a y a l s o o c c u r i n a l l c o n d i t i o n s c r e a t i n g a n 

1 " I may here say that small and unequal pupils in a person of middle age, from 
twenty-five to sixty, should lead to an inquiry into the possible existence of one of three 
morbid states, viz.: paralytic dementia (or general paralysis), sclerosis of the posterior col
umns, and cardiac or aortic disease (intra-thoracic disease)." (E. C. Seguin.) 

2 Mich. Foster, " Text-Book of Physiology." 
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e x c e s s o f a q u e o u s h u m o r w i t h i n t h e e y e , a n d d u r i n g d y s p n c e a 

a n d e x c e s s i v e m u s c u l a r e x e r t i o n . 

T h e m e c h a n i s m o f t h e a c t i o n o f t h e p u p i l w i l l b e m o r e 

p r o p e r l y c o n s i d e r e d u n d e r t h e d e s c r i p t i o n o f t h e t h i r d n e r v e , 

w h i c h f u r n i s h e s i t w i t h m o t o r p o w e r . 

VISUAL SENSATION'S AND THEIR MODIFICATIONS. 

S h a d o w s t h r o w n u p o n t h e r e t i n a a r e p e r c e i v e d as s p e c k s i n 

t h e v i s i o n , t h e s o - c a l l e d muscce volitantes.1 T h e y m a y a r i s e 

f r o m t e a r s u p o n t h e c o r n e a , a t e m p o r a r y u n e v e n n e s s o f t h e 

c o r n e a a f t e r t h e e y e l i d h a s b e e n p r e s s i n g u p o n i t , i m p e r f e c 

t i o n s o f t h e l e n s o r i t s c a p s u l e , a n d f r o m s h a d o w s p r o d u c e d 

b y t h e m a r g i n o f t h e i r i s , e s p e c i a l l y i f i t b e i m p e r f e c t . 

T h e y a r e d i s t i n g u i s h e d c h i e f l y b y t h e i r a l m o s t c o n t i n u a l 

c h a n g e i n p o s i t i o n , w h e n t h e h e a d i s m o v e d u p a n d d o w n , 

a n d b y a t e n d e n c y t o e n t i r e d i s a p p e a r a n c e w h e n a n e f f o r t i s 

m a d e t o f i x t h e v i s i o n u p o n t h e m . 

T h a t p o i n t o n t h e r e t i n a , t h e papilla, w h e r e t h e o p t i c n e r v e 

p i e r c e s i t , i s c a l l e d t h e " b l i n d s p o t , " 2 s i n c e n o s e n s a t i o n s o f 

l i g h t c a n b e p e r c e i v e d i n t h a t l o c a l i t y 

I n t h a t p o r t i o n o f t h e r e t i n a , t h e " m a c u l a l u t e a , " w h e r e 

t h e i m a g e s t o b e p e r c e i v e d b y t h e o p t i c n e r v e f a l l m o s t d i r e c t 

l y , a n d w h e r e m o s t o f o u r v i s u a l p e r c e p t i o n s a r e t h e r e f o r e 

g a i n e d , a m a r k e d l y yellow pigment e x i s t s , w h i c h t e n d s t o 

a b s o r b s o m e o f t h e g r e e n i s h - b l u e r a y s o f l i g h t ; h e n c e w h a t 

w e p e r c e i v e as white i n c o l o r i s , i n r e a l i t y , m o r e o r less y e l l o w . 

W h e n p r e s s u r e i s f o r c i b l y e x e r t e d u p o n t h e e y e b a l l , t h e 

w h o l e r e t i n a s p e e d i l y b e c o m e s i n s e n s i b l e t o L i g h t . T h i s f a c t 

ha s b e e n e x p l a i n e d as t h e r e s u l t o f a l o s s o f t h e c o n d u c t i v e 

p o w e r o f t h e n e r v e s t r u c t u r e s . E x n e r , h o w e v e r , e n d e a v o r s t o 

use t h i s f a c t as t h e b a s i s o f a n a r g u m e n t t o p r o v e t h a t t h e 

s e n s a t i o n o f l i g h t i s t h e r e s u l t o f s o m e s u b s t a n c e (as y e t u n 

d e t e r m i n e d ) w i t h i n t h e r e t i n a , w h o s e production is tempora

rily arrested b y a n y p r e s s u r e u p o n t h e e y e w h i c h i s s u f f i 

c i e n t l y f o r c i b l e t o o c c l u d e t h e vesse l s o f t h e r e t i n a , a n d t h u s 

t o i n t e r f e r e w i t h i t s n u t r i t i o n . 

1 Bowman, " Phys. Anat." 2 Helmholtz, " Phys. Optik." 
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THE PERCEPTION OF COLOR. 

T h e s u b j e c t o f color blindness, w h i c h i s t o - d a y a s s u m i n g 

g r e a t i m p o r t a n c e , n a t u r a l l y sugges t s t o t h e i n q u i r i n g m i n d -

b y w h a t a n a t o m i c a l a r r a n g e m e n t a re t h e o p t i c n e r v e fibers 

FIG. 37.—Crystalline lens, anterior view. (Babuchin.) 

i n f o r m e d , t h r o u g h t h e a i d o f t h e coa t s o f t h e r e t i n a , o f t h e 

p e r c e p t i o n b y t h a t m e m b r a n e o f t h e c o l o r o f i m a g e s % 

T h a t t h e r e t inae o f a n i m a l s possessed c o l o r w a s first n o t i c e d 

b y K r o h n , as e a r l y as 1839 ; b u t t h e m a t t e r w a s n o t r e g a r d e d a s ' 

o f a n y p h y s i o l o g i c a l i m p o r t a n c e u n t i l B o l l , i n 1876, a n n o u n c e d 

t h a t t h e r e t i n a o f a l l v e r t e b r a t e d a n i m a l s posses sed a p u r p l i s h 

c o l o r , w h i c h f a d e d i n t h e l i g h t , b u t w h i c h d a r k n e s s r e s t o r e d . 

H e c o n c l u d e d t h a t t h e c o l o r m u s t b e l a r g e l y c o n c e r n e d i n t h e 

a c t o f v i s i o n . 1 

T h e s u b s e q u e n t e x p e r i m e n t s o f K u h n e u p o n t h i s s u b j e c t 

s eem t o h a v e p a r t i a l l y v e r i f i e d t h i s d i s c o v e r y , b u t e x a c t l y w h a t 

1 A very interesting article, by my friend Dr. Ayres, of this city, appeared in the " New 
York Med. Jour." (December, 1880), in which the physiological action of the visual purple 
was discussed; its function is here stated to be a photo-chemical one, designed to accom
modate vision to different degrees of light, since it is capable of changing and regaining its 
original color when circumstances demand it (an intensity of light or an approach to 
darkness causing rapid effects upon it). 



THE VISUAL PURPLE. 117 

i t s f u n c t i o n i s m a y y e t b e c o n s i d e r e d a s u b j e c t o f i n v e s t i g a 

t i o n . A p r o m i n e n t a u t h o r s a y s o f t h i s m a t t e r : " I t i s v e r y 

t e m p t i n g t o c o n n e c t t h i s v i s u a l p u r p l e w i t h c o l o r v i s i o n ; b u t 

FIG. 38.—A. Vertical section of the retina. B. Connection of the rods and cones of 
(IT. Miiller.) the retina with the nervous elements. 

(Sappey.) 
A. 1, 1, layer of rods and cones; 2, rods; 3, cones; 4, 4, 5, 6, external granule layer; 

7, inter-granule layer (cone-fiber plexus); 8, internal granule layer; 9, 10, finely 
granular gray layer; 11, layer of nerve cells; 12, 12, 12, 12, 14, 14, fibers of the 
optic nerve ; 13, membrana limitans. 

B. 1, 1, 2, 3, rods and cones, front view; 4, 5, 6, rods, side view; 7, 7, 8, 8, cells of 
the external and internal granule layers; 9, cell, connected by a filament with sub
jacent cells; 10, 13, nerve cells, connected with cells of the granule layers; 11, 21, 
filaments connecting cells of the external and internal granule layers (12 is not in 
the figure); 14, 15,' 16, 17. 18, 19, 20, 22, 23, 24, 25, 26, a rod and a cone, con
nected with the cells of the granule layers, with the nerve cells, and with the nerve 
fibers. 

we know that our color vision is most exact in the fovea cen

tralis, where the retina consists of cones alone, which are des

titute of this visual purple.1 

10 
1 Mich. Foster, op. cit. 
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W h i l e n o p o s i t i v e s t a t e m e n t s c a n as y e t b e m a d e as t o t h e 

f u n c t i o n o f t h a t l a y e r o f t h e r e t i n a k n o w n as ' ' t h e r o d s a n d 

cones o f J a c o b , " s t i l l a u t h o r i t i e s seem i n c l i n e d t o a t t r i b u t e t o 

t h e cones, r a t h e r t h a n t o t h e r o d s , t h e p o w e r o f p e r c e i v i n g 

c o l o r . I t i s k n o w n t h a t t h e s e cones a r e a b s e n t i n t h e r e t i n a 

o f n o c t u r n a l a n i m a l s ; w h i l e , i n t h e eyes o f b i r d s a n d r e p t i l e s , 

g l o b u l e s c o n t a i n i n g c o l o r a re f o u n d w i t h i n t h e cones . M o r e 

o v e r , t h e " f o v e a c e n t r a l i s " i n t h e h u m a n e y e i s d e s t i t u t e o f 

r o d s . 

T o e x p l a i n o u r p e r c e p t i o n o f c o l o r , t h e h y p o t h e s i s w a s f i r s t 

m a d e b y Y o u n g t h a t t h e r e e x i s t e d i n t h e r e t i n a t h e p o w e r o f 

p e r c e i v i n g three distinct color sensations, w h i c h , b e i n g p a r t s 

o f t h e s p e c t r u m , c o u l d , b y a p r o p e r a d m i x t u r e o f c e r t a i n p r o 

p o r t i o n s o f each , p r o d u c e w h i t e ; h e f u r t h e r s u p p o s e d t h a t 

t h e r e e x i s t e d three distinct sets of nerve fibers, e a c h set being-

s e n s i t i v e t o a p r i m a r y c o l o r s e n s a t i o n , v i z . , t o w a v e l e n g t h s 

o f a c e r t a i n l e n g t h . H e l m h o l t z h a s d o n e m u c h t o b r i n g t h i s 

t h e o r y t o n o t i c e , so t h a t t h e t h e o r y i s k n o w n n o w as t h e 

" Y o u n g - H e l m h o l t z t h e o r y , " r a t h e r t h a n b y t h e n a m e o f t h e 

o r i g i n a t o r o f t h e h y p o t h e s i s a l o n e . T h e f a c t t h a t t h e m o s t 

c a r e f u l m i c r o s c o p i c a l e x a m i n a t i o n s o f t h e r e t i n a f a i l t o d i s 

c o v e r t h e e x i s t e n c e o f sets o f fibers, w h i c h d i f f e r i n t h e i r ana

t o m i c a l c o n s t r u c t i o n , seems t o p l a c e t h i s t h e o r y r a t h e r o n t h e 

bas i s o f a p r e t t y h y p o t h e s i s t h a n t h a t o f a n a c k n o w l e d g e d 

f a c t . 

H e r i n g a n d A u b e r t 1 h a v e d i s c a r d e d t h e Y o u n g - H e l m h o l t z 

t h e o r y , h o w e v e r , a n d h a v e a t t e m p t e d t o e x p l a i n t h e p e r c e p 

t i o n o f c o l o r b y a p r o c e s s o f disintegration, i n o n e set o f 

c o l o r s , a n d , i n a n o t h e r , b y a p r o c e s s o f assimilation Of a 

p r o p e r t y o f t h e r e t i n a , w h i c h i s d e n o m i n a t e d "visual sub

stance." 

A l l p e r s o n s v a r y m u c h i n t h e i r p o w e r o f d i s c r i m i n a t i n g 

a n d a p p r e c i a t i n g c o l o r ; 2 b u t o n l y t h o s e c a n p r o p e r l y b e s a i d 

t o b e " c o l o r b l i n d " w h o r e g a r d c o l o r s as s i m i l a r w h i c h t o 

m o s t p e o p l e w o u l d be g l a r i n g l y d i s t i n c t . T h u s , r e d a n d g r e e n 

1 " Physiologie dor Netzhaut," 1865. 
2 Seebeck, Wartraann, Midler's "Physiology" (Baly's edition). 
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a r e c o m m o n l y m i s t a k e n f o r each, o t h e r ; w h i l e p u r p l e a n d 

b l u e , r e d a n d b r o w n , a n d b r o w n a n d g r e e n , a r e o f t e n d e t e c t e d 

f r o m o n e a n o t h e r w i t h d i f f i c u l t y , i f a t a l l . 

APPARENT VISION OF OBJECTS NOT REALLY SEEN. 

A n y s t i m u l a t i o n o f t h e o p t i c n e r v e o r o f t h e r e t i n a , i f s u f f i 

c i e n t l y i n t e n s e , m a y g i v e r i s e t o c e r t a i n s ensa t i ons , w h i c h a re 

m i s t a k e n f o r a c t u a l v i s i o n . A s e x a m p l e s o f t h i s f a c t , a b l o w 

i n t h e e y e o r o n t h e b a c k o f t h e s k u l l w i l l o f t e n m a k e t h e 

i n j u r e d p e r s o n ' ' see s t a r s " o r h a v e f l a s h e s o f l i g h t a p p a r e n t l y 

cross t h e field o f v i s i o n . 

F o s t e r * m e n t i o n s a case, w h e r e , b y a v o l u n t a r y c o m p r e s 

s i o n o f t h e e y e b a l l b y t h e o r b i c u l a r i s p a l p e b r a r u m m u s c l e , 

g o r g e o u s v i s i o n s o f f l o w e r s a n d l a n d s c a p e s c o u l d b e p r o d u c e d . 

EFFECT OF OPTIC NERVE ON COORDINATION. 

T h e o p t i c n e r v e m a y b e c o m e a m e a n s o f v e r t i g o , w h e n 

o b j e c t s a r e c a u s e d t o pass r a p i d l y b e f o r e t h e field o f v i s i o n , 

as i n v i e w i n g a w a t e r f a l l , b e i n g r a p i d l y w h i r l e d , e tc . T h i s 

s u b j e c t , h o w e v e r , w i l l be m o r e f u l l y c o n s i d e r e d , w i t h p o i n t s 

o f i n t e r e s t p e r t a i n i n g t o t h e a u d i t o r y n e r v e , s i n c e M e n i e r e ' s 

m a l a d y i s m o r e o f t e n d e p e n d e n t u p o n d i sease o f t h e a c o u s t i c 

a p p a r a t u s . 

G o l t z 3 h a s s h o w n , b y e x p e r i m e n t s u p o n b i r d s w h o s e h e a d s 

w e r e a r t i f i c i a l l y s e c u r e d i n a n a b n o r m a l p o s i t i o n , t h a t t h e y a t 

o n c e b e c o m e i n c a p a b l e o f o r d e r l y flight, t h u s f u r t h e r c o n f i r m 

i n g t h e a p p a r e n t c o n n e c t i o n b e t w e e n t h e s p e c i a l sense o f s i g h t 

a n d t h o s e m u s c u l a r m o v e m e n t s w h i c h r e q u i r e t h e e x e r c i s e o f 

t h e p o w e r o f c o o r d i n a t i o n . 

EFFECT OF THE OPTIC NERVE ON THE LACHRYMAL APPARATUS. 

T h e c o n t r a c t i o n o f t h e o r b i c u l a r i s m u s c l e t e n d s t o p r e s s 

t h e t ea r s , w h i c h t h e l a c h r y m a l c a n a l s c o n t a i n , o n w a r d t o w a r d 

t h e n a s a l d u c t ; a n d t h e y d i l a t e t o r e c e i v e a f r e s h q u a n t i t y 

d u r i n g t h e r e l a x a t i o n o f t h i s m u s c l e . T h u s t h e a c t o f winJc-

1 Taylor's " Scientific Memoirs." 2 Op. cit. 
a Pfluger's "Archiv," 1873, as quoted by Foster. 
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ing, w h i c h u s u a l l y p r e c e d e s a n y s p e c i a l a t t e m p t t o see w i t h 

d i s t i n c t n e s s , b y c a l l i n g t h e o r b i c u l a r i s p a l p e b r a r u m m u s c l e 

i n t o p l a y , a s s i s t s i n c l e a n s i n g t h e e y e o f a n y exces s o f t e a r s . 

I t h a s b e e n s t a t e d b y D e m t s c h e n k o , 1 t h a t , d u r i n g t h e c l o s u r e 

o f t h e e y e l i d , a p e c u l i a r a r r a n g e m e n t o f t h e m u s c u l a r f i b e r s 

t e n d s t o k e e p t h e l a c h r y m a l c a n a l s o p e n , a n d t h u s t o a c t as 

a n a i d t o t h e o r b i c u l a r i s m u s c l e i n i t s m e c h a n i c a l e f f e c t . I n 

FIG. 40.—Lachrymal and Meibomian glands. (Sappey.) 
1, 1, internal wall of the orbit ; 2, 2, internal portion of the orbicularis palpebrarum ; 3, 

3, attachment of this muscle to the orbit; 4, orifice for the passage of the nasal 
artery; 5, muscle of Horner ; 6, 6, posterior surface of the eyelids, with the Meibo
mian glands ; 7, 7, 8, 8, 9, 9, 10, lachrymal gland and ducts; 11, 11, openings of the 
lachrymal ducts. 

addition to this anatomical device, the alternating pressure 

o f t h e tendo oculi u p o n t h e l a c h r y m a l sac t e n d s t o a c t as a 

p u m p , a n d t h u s t o d r a w t h e t e a r s f r o m t h e g l o b e o f t h e e y e . 2 

T h e f l o w o f t e a r s , w h i l e c o n s t a n t i n a s t a t e o f h e a l t h , m a y 

b e g r e a t l y i n c r e a s e d b y a r e f l e x a c t . S u c h e x c i t i n g causes as 

a s t i m u l a t i o n o f t h e n a s a l m u c o u s m e m b r a n e , t h e c o n j u n c 

t i v a , t h e o p t i c n e r v e , a n d t h e t o n g u e , a n d , m o r e f o r c i b l y , t h e 

e f f e c t o f t h e e m o t i o n s , a r e c o m m o n l y p e r c e i v e d . I t i s s a i d 

t h a t venous congestion of the head i s f r e q u e n t l y m a n i f e s t e d 

b y a n e x c e s s i v e p r o d u c t i o n o f t e a r s . 3 T h e , d i f f e r e n t e f f e r e n t 

1 Hoffman und Schwald's " Bericht," 1873. 
2 Darling and Ranney, " Essentials of Anatomy," 1880. 
3 Mich. Foster, op. cit. 
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n e r v e s , w h i c h e x e r t a c o n t r o l l i n g i n f l u e n c e u p o n t h e l a c h r y 

m a l a p p a r a t u s i n r e s p o n s e t o t h e e x c i t i n g causes a b o v e m e n 

t i o n e d , i n c l u d e t h e l a c h r y m a l a n d o r b i t a l b r a n c h e s o f t h e fifth 

c r a n i a l n e r v e a n d filaments o f t h e c e r v i c a l s y m p a t h e t i c . 1 

M a n y o f t h e f a c t s p e r t a i n i n g t o t h e o p t i c n e r v e m a y , b y 

t h e s k i l l f u l p h y s i c i a n , b e m a d e u s e f u l i n h i s d a i l y p r a c t i c e as 

g u i d e s t o d i a g n o s i s ; w h i l e o t h e r s a r e g i v e n as e x p l a n a t i o n s 

o f m a n y p h e n o m e n a w h i c h o f t e n occa

s i o n a l a r m t o t h o s e n o t f a m i l i a r w i t h t h e 

m e c h a n i s m o f t h e i r p r o d u c t i o n . 

CLINICAL POINTS AFFORDED BY MEANS OF 
THE OPTIC NERVE. 

T h e o p t i c n e r v e h a s o f l a t e a c q u i r e d 

a n i m p o r t a n c e t o t h e o c u l i s t , w h i c h i s 

b a s e d u p o n t h e p h y s i o l o g i c a l d i s t r i b u t i o n 

o f t h e n e r v e , b u t w h i c h h a s t o t h e spe

c i a l i s t m o r e t h a n a t h e o r e t i c a l v a l u e , 

s ince , b y m e a n s o f t h e k n o w l e d g e a f 

f o r d e d , t h e d i a g n o s i s o f t h e existence of 

cranial tumors p r e s s i n g u p o n t h e n e r v e , 

o r o f local pressure f r o m inflammatory 

exudations, m a y b e n o t o n l y p o s i t i v e l y 

m a d e o u t , b u t t h e e x a c t s i t u a t i o n o f t h e 

p r e s s u r e o f t e n d e t e r m i n e d . 

T h e h y p o t h e s e s o f W o l l a s t o n a n d 

M a y o h a v e b e e n so f a r c o n f i r m e d b y l a t e r 

i n v e s t i g a t o r s , t h a t i t m a y n o w b e q u i t e 

p o s i t i v e l y s t a t e d t h a t t h e exact half o f e a c h r e t i n a d e r i v e s i t s 

p o w e r o f v i s i o n f r o m o n e o p t i c t r a c t , a n d t h e o t h e r h a l f f r o m 

t h e o p p o s i t e t r a c t . I t h a s b e e n p r o v e n t h a t t h e longitudinal 

fibers o f e a c h o p t i c t r a c t s u p p l y t h e sense o f v i s i o n t o t h e 

outer o r temporal side o f e a c h r e t i n a , a n d t h a t t h e decussat

ing fibers o f e a c h o p t i c t r a c t s u p p l y t h e inner o r nasal side 

o f e a c h r e t i n a . W h e n , t h e r e f o r e , t h e o p t i c t r a c t o f e i t h e r s i d e 

i s p r e s s e d u p o n , so as t o a f f e c t t h e e n t i r e t h i c k n e s s o f t h e 

1 See experiments of Herzenstein, Wolferz, Reich, and others. 

FIG. 41.—Lachrymal ca
nals, lachrymal sac, 
and nasal canal, opened 
on their anterior por
tion. (Sappey.) 

1, walls of the lachrymal 
passages, smooth and 
adherent; 2, 2, walls 
of the lachrymal sac, 
presenting delicate 
folds of the mucous 
membrane ; 3, a simi
lar fold belonging to 
the nasal mucous mem
brane. 
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n e r v e , a n d t h u s t o i n t e r f e r e w i t h t h e a c t i o n o f all the fibers 

w h i c h t h a t t r a c t c o n t a i n s , t h e t e m p o r a l s i d e o f t h e r e t i n a o f 

t h a t e y e w h i c h c o r r e s p o n d s t o t h e o p t i c t r a c t a f f e c t e d a n d 

t h e n a s a l s i d e o f t h e r e t i n a o f t h e o p p o s i t e e y e w i l l b e r e n d e r e d 

b l i n d , o r w i l l b e i m p a i r e d i n e x a c t p r o p o r t i o n t o t h e p r e s s u r e 

e x e r t e d u p o n t h e o p t i c t r a c t . B l i n d n e s s o f t h e l a t e r a l h a l f o f 

t h e r e t i n a o f e i t h e r e y e i s t e r m e d " h e m i o p i a " o r " h e m i a n 

o p s i a ' ' ; a n d t h i s c o n d i t i o n m a y a f f e c t , 1, b o t h e y e s s i m i 

l a r l y ; 2, b o t h e y e s d i a m e t r i c a l l y ; a n d 3, e i t h e r e y e a l o n e . 

W h e n e i t h e r e y e i s a l o n e a f f e c t e d w i t h b l i n d n e s s o f one 

half o f t h e r e t i n a , i t i n d i c a t e s t h a t t h e o p t i c n e r v e i s p r e s s e d 

u p o n , o r o t h e r w i s e i m p a i r e d , a t a p o i n t s i t u a t e d in f r o n t o f 

t h e optic chiasm ; s i n c e , i f t h e o p t i c t r a c t w e r e t h e sea t o f t h e 

e x i s t i n g t r o u b l e , b o t h e y e s w o u l d b e a f f e c t e d , as i t w o u l d b e 

a l m o s t i m p o s s i b l e f o r t h e p r e s s u r e t o a f f e c t t h e l o n g i t u d i n a l 

f i b e r s , a n d s t i l l l e a v e t h e d e c u s s a t i n g f i b e r s o f t h e t r a c t u n i n 

j u r e d , o r v i c e v e r s a . W i t h t h i s as a s t a r t i n g p o i n t i n t h e 

d i a g n o s i s , w e d e t e r m i n e w h i c h h a l f o f t h e e y e i s b l i n d , k n o w 

i n g t h a t , i f t h e n a s a l s i d e b e t h e o n e w h e r e v i s i o n i s l o s t , 

t h e p r e s s u r e m u s t b e o n t h e i n n e r s i d e o f t h e n e r v e , a n d , i f 

t h e o u t e r o r t e m p o r a l s i d e b e b l i n d , t h a t t h e o u t e r s i d e o f t h e 

n e r v e i s t h e sea t o f t h e d i s ea se w h i c h i s c a u s i n g t h e p r e s s u r e . 

S h o u l d b o t h s i d e s o f o n e e y e b e r e n d e r e d b l i n d , a n d n o l o c a l 

cause w i t h i n t h e e y e b e f o u n d t o e x i s t , t h e n t h e e x i s t e n c e o f 

p r e s s u r e a n t e r i o r t o t h e o p t i c c h i a s m , o f s u c h a c h a r a c t e r t h a t 

t h e e n t i r e n e r v e i s d e s t r o y e d o r i m p a i r e d , m a y s a f e l y b e d i a g 

n o s e d . 

T o t a l a m a u r o s i s o f o n e e y e i s f r e q u e n t e v i d e n c e o f glioma 

o r sarcoma w i t h i n t h e o r b i t , as t h e y a r e t h e t w o f o r m s o f 

t u m o r s w h i c h m o s t f r e q u e n t l y a f f e c t t h a t r e g i o n ; a n d t h e 

d i a g n o s i s o f t h e p r e s e n c e o f t h i s c ause w i l l p r o b a b l y b e c o n 

f i r m e d , i n case i t e x i s t s , b y s y m p t o m s r e f e r a b l e t o p a r a l y s i s o f 

s o m e o f t h e m u s c l e s o f t h e e y e , s i n c e t h e s a m e p r e s s u r e w i l l 

b e a l s o l i k e l y t o a f f e c t e i t h e r t h e t h i r d , f o u r t h , o r s i x t h n e r v e s . 

T h e m o s t c o m m o n f o r m o f " h e m i a n o p s i a ' " m e t w i t h , 

1 A svnonym for hemiopia in its generally accepted sense, but a better term, since it 
means blindness of half of the retina, while the former means only half vision. 
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as t h e r e s u l t o f t h e p r e s s u r e o f c r a n i a l t u m o r s , i s w h e r e t h e 

t e m p o r a l h a l f o f one e y e a n d t h e n a s a l h a l f o f t h e o p p o s i t e 

e y e a r e r e n d e r e d b l i n d . T h i s c l i n i c a l f a c t i s s u p p o r t e d b y t h e 

a n a t o m i c a l d i s t r i b u t i o n o f t h e f i b e r s o f t h e o p t i c t r a c t , w h i c h , 

as b e f o r e s t a t e d , s u p p l y t h e t e m p o r a l s i d e o f t h e e y e o f t h e 

s ame s i d e a n d t h e n a s a l s i d e o f t h e e y e o f t h e s i d e o p p o s i t e . 

W h e n t h i s c o n d i t i o n i s m e t , w e k n o w , t h e r e f o r e , t h a t t h e 

optic tract m u s t be p r e s s e d u p o n , a n d t h a t t h e p r e s s u r e i s 

b e i n g e x e r t e d u p o n t h e s i d e c o r r e s p o n d i n g w i t h t h e e y e w h i c h 

i s b l i n d i n i t s t e m p o r a l o r o u t e r h a l f . 

I n t h o s e u n c o m m o n cases w h e r e t h e i n n e r o r nasal half o f 

e a c h r e t i n a i s d e p r i v e d o f s i g h t , t h e e x i s t e n c e o f p r e s s u r e a t 

t h e a n t e r i o r o r p o s t e r i o r p o r t i o n s o f t h e o p t i c c h i a s m m a y be 

d i a g n o s e d , s i n c e t h e d e c u s s a t i n g f i b e r s o f e a c h o p t i c t r a c t 

cross e a c h o t h e r a t t he se p o i n t s o n l y ; a n d t h e n a s a l s i d e o f 

e a c h e y e b e i n g a f f e c t e d p r o v e s t h a t t h e decussating fibers o f 

e a c h t r a c t m u s t b e s i m u l t a n e o u s l y p r e s s e d u p o n , w i t h o u t a n y 

d i s t u r b a n c e o f t h e l o n g i t u d i n a l f i b e r s . 

I n t h o s e cases w h e r e t h e o u t e r o r temporal sides o f b o t h 

re t inae e x h i b i t e v i d e n c e s o f p r e s s u r e f r o m s o m e cause w i t h i n 

t h e c r a n i u m , t h e e x p l a n a t i o n o f t h e m e c h a n i s m o f i t s p r o d u c 

t i o n has , u n t i l o f l a t e , b e e n i n v o l v e d i n o b s c u r i t y ; b u t i t i s 

n o w e x p l a i n e d b y a c u r i o u s a n a t o m i c a l r e l a t i o n b e t w e e n t h e 

i n t e r n a l c a r o t i d a r t e r i e s (as t h e y ass i s t t o f o r m " t h e c i r c l e o f 

W i l l i s " ) a n d t h e o p t i c n e r v e . 1 I t w i l l b e o b s e r v e d , b y r e f e r 

ence t o t h e p l a t e s o f y o u r a n a t o m y , t h a t t h e anterior commu

nicating artery passes u n d e r n e a t h t h e o p t i c n e r v e s a n d i n 

f r o n t o f t h e c h i a s m , w h i l e t h e m a i n t r u n k s o f t h e c a r o t i d 

a r t e r i e s a r e a d j a c e n t t o t h e c h i a s m , a n d c u r l o u t w a r d f r o m 

n e a r l y i t s c e n t r a l p o i n t t o w a r d i t s o u t e r e d g e . N o w , i n senile 

degeneration o f t h e vessels , t h e a t h e r o m a t o u s c h a n g e s i n t h e 

a r t e r i a l coa t s t e n d t o d e s t r o y t h e e l a s t i c i t y o f t h e vesse ls , a n d 

t o e i t h e r s h o r t e n t h e m , o r t o r e n d e r t h e m less e l a s t i c , a n d 

t h u s , i n t h i s r e g i o n , t h e a r t e r i e s a c t as a g a t h e r i n g s t r i n g 

a r o u n d t h e o p t i c c h i a s m , a n d , b y p r e s s i n g u p o n t h e o u t e r p o r 

t i o n o f e a c h t r a c t , t h e l o n g i t u d i n a l f i b e r s o f e a c h t r a c t a r e 

1 An explanation original, I believe, with Professor H. Knapp, of this city. 
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i m p a i r e d , w h i l e t h e d e c u s s a t i n g l i b e r s o f e a c h t r a c t a r e n o t 

i n j u r e d , t h u s a c c o u n t i n g f o r t h e b l i n d n e s s o f t h e t e m p o r a l 

h a l f o f e a c h r e t i n a . ' 

FlG. 42.—A, Longitudinal fibers of the optic tract (colored red on chart); B, Decussat
ing fibers of optic tract (colored blue on chart); C, Optic Chiasm ; D, Retina 
(showing nerve distribution to each half); E, Optic Nerves; F, Optic Tracts ; 
A'—B' , region where pressure may produce "hemianopsia " or " total amaurosis " of 
one eye; K'—r>,' region where pressure will result in " hemianopsia " of opposite 
halves of the retina of both eyes; c'—c', region where the constriction of the ves
sels of the "circle of Wi l l i s " will produce "hemianopsia" of temporal ha/f of the 
retina of both eyes; n' or C, special localities where " hemianopsia " of the nasal 
half of the retina of both eyes will ensue from pressure; C c', B C", region which 
must be entirely destroyed by pressure to produce total amaurosis of both eyes. 

If you will look at the diagrammatic picture which I now 

show you, it will enable you, perhaps, to better understand 

the mechanical explanations of the various conditions which 

may result from pressure upon the optic tracts, or upon the 

optic nerves, if in front of the chiasm. You will perceive that 

the longitudinal fibers of each tract, which I have colored 

red,2 if traced to their distribution, supply the outer half of 

the eye of the same side, while the decussating fibers of each 

tract, which I have colored blue,3 pass to the inner or nasal 

1 It might be possible for two tumors, each so situated as to affect the outer side only 
of each optic tract, to produce this condition; but the probability of such a condition 
ever existing in any special case would be extremely small. 

' : Shaded dark in figure, but colored for class demonstration. 
3 Not colored in plate, but represented by decussating lines. The presence of color 

for demonstration to large classes is oftentimes of great assistance. 
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s ide o f t h e o p p o s i t e eye . Y o u can , t h e r e f o r e , see t h e r e a s o n 

f o r t h e f o l l o w i n g s u m m a r y o f t h e g u i d e s a f f o r d e d b y p a r t i a l 

b l i n d n e s s o f t h e r e t i n a , i n m a k i n g a d i a g n o s i s o f t h e s i t u a t i o n 

o f c r a n i a l t u m o r s . 

1 . Total amaurosis o f one eye i n d i c a t e s p r e s s u r e b e t w e e n 

t h e c h i a s m a n d t h e e y e a f f e c t e d , w h i c h has d e s t r o y e d t h e 

c o n d u c t i n g p o w e r o f b o t h t h e d e c u s s a t i n g a n d l o n g i t u d i n a l 

fibers o f t h e n e r v e . 

2. Total amaurosis o f both eyes s e l d o m o c c u r s i n t u m o r : 1 

b u t , i f i t be d e p e n d e n t u p o n a t u m o r , i t m u s t a f f e c t t h e c h i a s m 

i t s e l f , a n d h a v e c o m p l e t e l y d e s t r o y e d i t . 

3. A loss o f v i s i o n i n t h e nasal half o f b o t h eyes i n d i c a t e s 

t h e e x i s t e n c e o f a t u m o r , e i t h e r i n f r o n t o f o r b e h i n d t h e o p t i c 

c h i a s m , w h i c h a f f e c t s o n l y t h e d e c u s s a t i n g fibers o f e a c h t r a c t . 

4. A loss o f v i s i o n i n t h e nasal half o f o n e e y e a n d t h e 

temporal half o f t h e o t h e r , i n d i c a t e s p r e s s u r e u p o n t h e optic 

tract u p o n t h e s ide w h e r e t h e t e m p o r a l h a l f o f t h e r e t i n a i s 

d e s t r o y e d . 

5. A loss o f v i s i o n i n t h e temporal half o f both eyes i n d i 

cates senile degeneration o f t h e vessels f o r m i n g t h e " c i r c l e 

o f W i l l i s , " w h i c h a r e c r e a t i n g p r e s s u r e u p o n t h e o u t e r s i d e o f 

e a c h o f t h e o p t i c t r a c t s . 

T h e o p t i c n e r v e m a y b e t h e g u i d e t o m a n y d i s e a s e d c o n d i 

t i o n s o f p a r t s m o r e o r less d i s t a n t . T h e c o n d i t i o n o f hyper

esthesia o f t h e r e t i n a , t o w h i c h i t s t e r m i n a l filaments a re d i s 

t r i b u t e d , m a y b e i n d i c a t i v e o f c o n g e s t i v e diseases o f t h e 

b r a i n ; o f t h e d e v e l o p m e n t o f c e r e b r a l t u m o r s ; a n d o f c e r t a i n 

m e n t a l diseases (as p r o m i n e n t l y s h o w n i n ecs tasy , h y p o 

c h o n d r i a , e t c . ) . I t a l so o c c u r s i n h y s t e r i a , c h o r e a , c h r o n i c 

a l c o h o l i s m , n a r c o t i s m , t h e i n h a l a t i o n s o f c e r t a i n t o x i c gases, 

e tc . I t m a y f r e q u e n t l y b e t h e e v i d e n c e o f s o m e l o c a l c o n d i 

t i o n o f t h e o p t i c a p p a r a t u s ; h e n c e w e m e e t i t i n cases o f 

c o n g e s t i v e a n d i n f l a m m a t o r y c o n d i t i o n s o f t h e r e t i n a ; a l so 

w h e r e a n e x c e s s i v e a m o u n t o f a p p l i c a t i o n o f v i s i o n h a s b e e n 

d e m a n d e d , i n d i sease a n d a t r o p h y o f t h e n e r v e i t s e l f , a n d i n 

s l i g h t c o m p r e s s i o n o f t h e n e r v e f r o m l o c a l causes . 

1 This condition is more commonly due to atrophy of the optic nerve and to glaucoma. 
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W h e n t h e o p t i c n e r v e f i l a m e n t s U m e <n<a s(h, f i , \ s i u h t 

i s i m p a i r e d i n t h e e x a c t r a t i o o f t h e loss o f s e n s i b i l i t y : h e n c e 

w e s p e a k o f t h e c o n d i t i o n o f • » a m b l y o p i o " w h e n t h e s i g h t is 

p a r t l y d e s t r o y e d b y t h i s c o n d i t i o n , a n d o f ~ <>,iw_nrosis " w h e n 

t h e s i g h t i s e n t i r e l v d e s t r o y e d . 

W e m a y c o n s i d e r a loss o f s e n s i b i l i t y o f t h e o p t i c n e r v e 

f i l a m e n t s as a s y m p t o m o f t h e g r a v e s t i m p o r t , s i n c e i t i n d i 

ca t e s e i t h e r s o m e d i sease o f t h e b r a i n o r s o m e a d v a n c e d 

c h a n g e s o f t h e n e r v e i t s e l f . T h e brain conditions w h i c h a r e 

m o s t l i a b l e t o p r o d u c e t h i s c o n d i t i o n a r e as f o l l o w s : n e u r o -

r e t i n i t i s , w h i c h m a y f o l l o w c e r e b r a l h e m o r r h a g e , c e r e b r a l 

s o f t e n i n g , B r i g h t ' s d i sease , l e a d p o i s o n i n g , a n d s y p h i l i s : t h e 

v a r i o u s f o r m s o f a t a x i a ; c e r e b r a l t u m o r s ; c h r o n i c e f f u s i o n 

i n t o t h e v e n t r i c l e s : a n d h y s t e r i c a l c e r e b r a l d i s o r d e r s . 

T h e local conditions w h i c h m a y r e s u l t i n o p t i c a n e s t h e s i a 

i n c l u d e i n f l a m m a t i o n o f t h e r e t i n a a n d t h e a d j o i n i n g s t r u c 

t u r e s : h e m o r r h a g e i n t o t h e r e t i n a ; r e t i n a l t u m o r s ; t h e c o m 

p r e s s i o n o f g l a u c o m a : p r e s s u r e o f t u m o r s , i n t h e o r b i t o r 

c r a n i u m , u p o n t h e o p t i c t r a c t s : t h i c k e n i n g o f t h e m e n i n g e s 

i n t h e v i c i n i t y o f t h e o p t i c c h i a s m ; a n d t r a u m a t i s m . 

A t r o p h y a n d s c l e r o s i s o f t h e c o r p o r a g e n i c i t l a t a m a y r e s u l t 

i n a m a u r o s i s :' l e s i o n s o f t h e c e r e b e l l u m 3 m a y b e a c c o m j i a n i e d 

b y s y m p t o m s r e f e r a b l e t o t h e o p t i c a p p a r a t u s ( p r o b a b l y o n 

a c c o u n t o f t h e p r e s s u r e c r e a t e d u p o n a d j o i n i n g r e g i o n s o f t h e 

e n c e p h a l o n ) ; a n d a n i n c r e a s e o f i n t r a - c r a n i a l p r e s s u r e , f r o m 

a n y cause , m a y p r o d u c e r e t i n a l c h a n g e s . 

TIIE THIRD OR --MOTOR <HT1.I " XERVE. 

T h i s n e r v e h a s i t s a p p a r e n t o r i g i n f r o m t h e inner border o f 

t h e cms cerebri. T h e d e e p o r i g i n o f t h e n e r v e c a n , h o w e v e r , 

be t r a c e d t o t h e " locus niyer," a n d t o a grat/ nuch us i n t h e 

floor of the aqueduct of Sylvius, s l i g h t l y b e l o w t h e t u b e r c u l a 

q u a d r i g e m i n a . 
T h e c o u r s e o f t h i s n e r v e , a f t e r i t escapes f r o m t h e b r a i n , is 

o f i m p o r t a n c e 1 , f r o m t h e r e l a t i o n s w h i c h i t ha s w i t h i m p o r -

1 See p. 58 of this volume. •' V- of this volume. 
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t a n t s t r u c t u r e s , a n d f r o m t h e p h y s i o l o g i c a l p h e n o m e n a p r o 

d u c e d b y i t . I t p i e r c e s t h e d u r a m a t e r o p p o s i t e t o t h e an
terior clinoid process, i n o r d e r 

t o r e a c h t h e o u t e r w a l l o f the 

c a v e r n o u s s i n u s , w h e r e i t l i e s 

i n c lose r e l a t i o n w i t h t h e f o u r t h 

c r a n i a l n e r v e , a n d t h e o p h t h a l 

m i c b r a n c h o f t h e f i f t h c r a n i a l 

n e r v e , b e i n g a b o v e t h e m b o t h , 

a n d a l so w i t h t h e c a v e r n o u s 

s i n u s , w h i c h l i e s i n t e r n a l t o i t . 

I t i s i n t h i s r e g i o n t h a t t h e 

n e r v e i s j o i n e d b y f i l a m e n t s 

f r o m t h e c a v e r n o u s p l e x u s o f 

t h e s y m p a t h e t i c s y s t e m . 

T h e n e r v e n o w passes f r o m 

t h e c a v i t y o f t h e c r a n i u m b y 

m e a n s o f t h e sphenoidal fis

sure, h a v i n g , h o w e v e r , d i v i d e d 

i n t o t w o b r a n c h e s , b e f o r e i t s 
to the inferior rectus ; 6, branch to the 
inferior oblique %iuscle ; 1, branch to escape, C a l l e d t h e S u p e r i o r a n d 
the lenticular ganglion , 8, motor oculi . . 
externus; 9, filaments of the motor i n t e r i o r . 
oculi externus anastomosing with the j + i •> • -i n £ 
sympathetic; 10, ciliary nerves. 1 1 1 t l l e S p n e n O i a a i nSSUre, 

these t w o b r a n c h e s a re p l a c e d 
b e t w e e n t h e two heads of the external rectus muscle o f t h e 

e y e b a l l , a n d f r o m t h i s p o i n t t h e y pas s o n w a r d t o t h e i r re

s p e c t i v e d i s t r i b u t i o n s , v i z . , t h e s u p e r i o r b r a n c h t o t h e l e v a t o r 

p a l p e b r s e a n d t h e s u p e r i o r r e c t u s m u s c l e s , a n d t h e i n f e r i o r 

b r a n c h t o t h e i n f e r i o r o b l i q u e , t h e i n f e r i o r r e c t u s , a n d t h e i n 

t e r n a l r e c t u s m u s c l e s , a n d , b y a s m a l l f i l a m e n t , f u r n i s h i n g t h e 

m o t o r r o o t t o t h e c i l i a r y o r l e n t i c u l a r , g a n g l i o n o f t h e o r b i t . 

T h e t h i r d c r a n i a l n e r v e t h u s s u p p l i e s all of the muscles of 

the eye but two, v i z . , t h e s u p e r i o r o b l i q u e a n d t h e e x t e r n a l 

r e c t u s m u s c l e s , w h i c h d e r i v e t h e i r m o t o r p o w e r , r e s p e c t i v e l y , 

f r o m t h e f o u r t h a n d t h e s i x t h n e r v e s . I t a l s o s u p p l i e s 

f i l a m e n t s t o t h e o p h t h a l m i c g a n g l i o n ( w h i c h i s a l s o c a l l e d 

t h e c i l i a r y , a n d t h e l e n t i c u l a r g a n g l i o n ) , w h i c h f i l a m e n t s 

FIG. 43.— Distribution of the motor oculi 
communis. (Hirschfeld.) 

1, trunk of the motor oculi communis ; 2, 
superior branch; 3, filaments which 
this branch sends to the superior rectus 
and the levator palpebri superioris ; 4, 
branch to the internal rectus ; 5, branch 
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are subsequently distributed to the ciliary muscle and the 
iris. 

I t i s n o w c l a i m e d t h a t t h e f i b e r s o f t h e t h i r d n e r v e , w h i c h 

pass t o t h e a q u e d u c t o f S y l v i u s , d e c u s s a t e ; a n d i t i s t o t h i s 

FIG. 44.— Ciliary muscle; magnified 10 diameters. (Sappey.) 
1, 1, crystalline lens; 2, hyaloid membrane; 3, zone of Zinn; 4, iris; 5, r>, one of the 

ciliary processes ; 6, G, radiating fibers of the ciliary muscle; 7, section of the circu
lar portion of the ciliary muscle; 8, venous plexus of the ciliary process ; 9, lu, 
sclerotic coat; 11, 12, cornea ; 13, epithelial layer of the cornea ; 14, membrane of 
Descemet; 15, ligamentum iridis pectinatum ; 1<C epithelium of the membrane of 
Descemet; 17, union of the sclerotic coat with the cornea ; 18, section of the canal 
of Schlemm. 

a n a t o m i c a l a r r a n g e m e n t o f i t s f i b e r s o f o r i g i n t h a t t h e e f f e c t o f 

t h e p u p i l o f o n e e y e u p o n t h e c o n d i t i o n o f t h e p u p i l o f t h e 

o p p o s i t e e y e i s o c c a s i o n a l l y o b s e r v e d i n d isease , a n d t h a t t h e 

m u s c l e s o f t h e t w o eyes , as Avell as t h e i r i s , a r e t h u s e n a b l e d t o 

w o r k i n p e r f e c t h a r m o n y w i t h e a c h o t h e r . A s a n e x a m p l e o f 

t h i s , i t i s o c c a s i o n a l l y o b s e r v e d t h a t , w h e n a m a u r o s i s a f f e c t s 

o n e e y e , t h e p u p i l o f t h e d i s e a s e d o r g a n w i l l n o t r e s p o n d t o 

t h e e f f e c t o f l i g h t u p o n t h e r e t i n a o f t h a t s i d e , b u t , w h e n t h e 
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l i g h t c rea tes a m o v e m e n t o f t h e i r i s o f t h e u n i m p a i r e d eye , 

t h e p u p i l o f t h e o p p o s i t e s i de a l so r e s p o n d s , t h u s s h o w i n g 

t h a t r e f l e x a c t i o n i s p o s s i b l e b e t w e e n t h e t w o eyes . 

MECHANISM OF THE CONTRACTION OF THE PUPIL. 

T h e m e c h a n i s m o f t h e r e f l e x ac t , b y w h i c h t h e t h i r d n e r v e 

i s e n a b l e d t o so a f f e c t t h e c o n t r a c t i o n a n d d i l a t a t i o n o f t h e 

p u p i l as t o h a v e i t s v a r y i n g size c o r r e s p o n d e x a c t l y t o t h e 

r e q u i r e m e n t s o f t h e r e t i n a , as r e g a r d s t h e a m o u n t o f l i g h t 

FIG. 45.— Choroid coat of the eye and the ciliary nerves. (Sappey.) 
1, optic nerve ; 2, 2, 2, 2, 3, 3, 3, 4, sclerotic coat, divided and turned back to show the 

choroid; 5, 5, 5, 5, the cornea, divided into four portions and turned back; 6, 6, 
canal of Schlcmm ; 7, external surface of the choroid, traversed by the ciliary nerves 
and one of the long ciliary arteries; 8, central vessel into which open the vasa vorti-
cosa ; 9, 9, 10,10, choroid zone ; 11,11, ciliary nerves; 12, long ciliary artery ; 13,13, 
13, 13, anterior ciliary arteries ; 14, iris; 15, 15, vascular circle of the iris ; 16, pupil. 

n e c e s s a r y f o r p e r f e c t v i s i o n a t a l l t i m e s a n d u n d e r a l l c i r c u m 

s tances , i s a s u b j e c t o f i n t e r e s t t o t h o s e w h o s t u d y a n a t o m y 

f r o m t h e s t a n d p o i n t o f i t s p h y s i o l o g i c a l b e a r i n g s . T h e o p t i c 

n e r v e , w h e n a p e r s o n c o m e s f r o m d a r k n e s s i n t o t h e l i g h t , 

p e r c e i v e s , o n a c c o u n t o f t h e d i l a t e d c o n d i t i o n o f t h e p u p i l , 

a n excess o f l i g h t w h i c h a t once c o m p e l s t h e e y e t o m o m e n 

t a r i l y c l o s e 1 u n t i l t h e p u p i l s h a l l b e c o m e c o n t r a c t e d . T h e 

1 A reflex act produced through the optic nerve upon the orbicularis palpebrarum 
muscle. 
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s e n s a t i o n o f o v e r - s t i m u l a t i o n c r e a t e d i n t h e o p t i c n e r v e b y 

t h e g l a r e o f l i g h t e n t e r i n g t h e d i l a t e d p u p i l is c a r r i e d b a c k 

w a r d t o t h e b r a i n , a n d , p r o b a b l y i n t h e r e g i o n o f t h e a q u e 

d u c t o f S y l v i u s , c r e a l e s a r e f l e x a c t w h i c h sends m o t o r i m 

p u l s e s a l o n g t h e l i b e r s o f t h e t h i r d n e r v e t o t h e i r i > . b y m e a n s 

o f t h e b r a n c h t o t h e c i l i a r y g a n g l i o n . T h u s i t h a p p e n s t h a t . 

w h e n t h e e y e i s a g a i n o p e n e d , t h e s e n s a t i o n o f d i s t r e s s i n t h r 

o p t i c n e r v e i s n o l o n g e r p r e s e n t , a n d t h e p u p i l i s f o u n d t o be 

c o n t r a c t e d i n a d i r e c t p r o p o r t i o n t o t h e a m o u n t o f l i g h t w h i c h 

a t t h e t i m e e x i s t s . 

REASONS FOR TIIE PECULIAR DISTRIBUTION OF TIIE Till HI) NERVE. 

T h e d i s t r i b u t i o n o f t h e t h i r d c r a n i a l n e r v e m a y sugges t 

t o t h e i n q u i r i n g m i n d t h e f o l l o w i n g q u e s t i o n s : " W h y does 

FIG. rictus of ciliary mm s.— V rr< - of th, irU. (After Sappey.) 
A choroid- B iris; 1, 1, 1," 1, ciliarv nerves dividing at their terminal extremity into two 

or moro branches winch anastomose to form a circular plexus surroundmg the groatc, 
circumference of the iris; 2, 2, plexus formed by this anastomotic ; ;,. :.. nerve* ot 
the iris originating from this plexus. 

Nature use three nerves to control the movements of the six 

o c u l a r m u s c l e s , w h e n she c o u l d h a v e u s e d o n e n e r v e t o a c c o m 

p l i s h t h e e f f e c t t W h y t i r e t h e i n t e r n a l r e c t u s , t h e i n f e r i o r 

o b l i q u e , a n d t h e i n f e r i o r r e c t u s s u p p l i e d f r o m o n e n e r v e 

s o u r c e , t o t h e e x c l u s i o n o f t h e e x t e r n a l r e c t u s , a n d t h e s u p e -
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r i o r o b l i q u e m u s c l e s % F u r t h e r m o r e , w h y i s t h e i r i s s u p p l i e d 

w i t h n e r v e p o w e r f r o m t h e t h i r d n e r v e , a n d n o t a l s o f r o m t h e 

f o u r t h n e r v e o r t h e s i x t h n e r v e %'' 

A s w a s s t a t e d i n t h e i n t r o d u c t o r y l e c t u r e o f t h i s course , 

w h e n t o u c h i n g u p o n t h e d i s t r i b u t i o n o f n e r v e s i n g e n e r a l , N a 

t u r e o f t e n i n d i c a t e s , b y t h e d i s t r i b u t i o n o f t h e n e r v e s , some 

v a l u a b l e h i n t s as t o t h e p h y s i o l o g y o f t h e p a r t s s u p p l i e d 

b y e a c h n e r v e f i l a m e n t ; a n d s u c h q u e s t i o n s , as a re p r e s u p 

p o s e d a b o v e , w i l l , i f c o n s t a n t l y a s k e d b y t h e s t u d e n t o f ana t 

o m y , o f t e n e n a b l e h i m , b y c lose s t u d y , t o g a i n n o t o n l y 

i n f o r m a t i o n o f a m o s t p r a c t i c a l k i n d , b u t i t w i l l a l so g r e a t l y 

ass i s t h i m t o r e t a i n i n h i s m e m o r y w h a t w o u l d o t h e r w i s e 

escape, a n d r e n d e r t h i s l i n e o f s t u d y a s o u r c e o f u n c e a s i n g 

p l e a s u r e a n d i n t e r e s t . 

I t i s e v i d e n t , w h e n a g l a n c e a t t h e d i s t r i b u t i o n o f t h e m o 

t o r o c u l i n e r v e i s t a k e n , t h a t i t i s e s s e n t i a l l y t h e nerve of 

accommodation of vision f o r o b j e c t s o f v a r i a b l e d i s t ances 

f r o m t h e r e t i n a . B y i t s c o n t r o l o v e r t h e i n t e r n a l m u s c l e s o f 

t h e o r b i t , t h e eyes c a n be m o v e d i n u n i s o n i n t h e i r e n d e a v o r 

t o f o c u s o b j e c t s s i m u l t a n e o u s l y u p o n e a c h r e t i n a , a n d t h u s t o 

g a i n a p e r c e p t i o n o f t h e solidity o f o b j e c t s , w h i c h c a n n o t be 

a f f o r d e d b y o n e e y e a l o n e . I t i s a f a c t , w h i c h p e r h a p s t h e 

r e a d e r has n e v e r t h o u g h t o f , t h a t t h e t w o e x t e r n a l r e c t i m u s 

cles, o r t h e t w o s u p e r i o r o b l i q u e m u s c l e s , a r e s e l d o m c a l l e d 

i n t o s i m u l t a n e o u s a c t i o n , s i nce t h e y b o t h t e n d t o cause 

t h e e y e t o r o l l o u t w a r d , a n d t h u s o p p o s e t h e n a t u r a l m o v e 

m e n t o f t h e t w o eyes , o n e o f w h i c h u s u a l l y m o v e s i n w a r d 

w h i l e t h e o t h e r m o v e s o u t w a r d , i n o r d e r t o f a v o r t h e p e r c e p 

t i o n o f t h e s ame o b j e c t s b y t h e r e t i n a o f e a c h e y e . F o r t h i s 

r e a s o n a l o n e , i t w o u l d b e i m p o s s i b l e t h a t t he se t w o m u s c l e s 

o f e a c h o r b i t s h o u l d b e s u p p l i e d f r o m t h e s a m e n e r v e as 

t h e o t h e r m u s c l e s , s i nce t h e y c o u l d n o t p o s s i b l y a c t i n h a r 

m o n y w i t h e a c h o t h e r . A g a i n , t h e s u p e r i o r o b l i q u e a n d t h e 

e x t e r n a l r e c t u s m u s c l e s a r e s e l d o m c a l l e d i n t o s i m u l t a n e o u s 

a c t i o n e x c e p t i n o b l i q u e m o v e m e n t s o f t h e e y e , a n d t h e i r 

a c t i o n s a r e so d i s s i m i l a r t h a t t h e y h a v e o f t e n t o a c t b o t h w i t h 

a n d w i t h o u t t h e a i d o f t h e o t h e r ; h e n c e t w o n e r v e s ( t h e 
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f o u r t h a n d . s i x t h ) a r e f u r n i s h e d s<> t h a t e a c h m u s c l e c a n 

h a v e i t s o w n s o u r c e o f n e r v e s u p p l y 

T h e d i s t r i b u t i o n o f t h e t h i r d n e r v e t o t h e i r i s a f f o r d s a s t i l l 

m o r e b e a u t i f u l e x a m p l e o f t h e c o n 

s t a n t e f f o r t s o f N a t u r e t o b r i n g a l l 

p a r t s i n t o a h a r m o n y w i t h e a c h o t h 

er , a n d b y t h e s i m p l e s t m e a n s a t 

h e r c o n t r o l . I t h a s b e e n m e n t i o n e d , 

i n c o n n e c t i o n w i t h t h e o p t i c n e r v e , 

t h a t t h e j)upil contract* as t h e e y e 

i s d r a w n i n w a r d , a n d a l s o i n a t 

t e m p t s t o f o c u s n e a r o b j e c t s u p o n 

t h e r e t i n a . N o w , t h e t h i r d n e r v e 

i s t h e n e r v e b y w h i c h n o t o n l y i s 

t h e e y e d r a w n i n w a r d , b u t i t i s 

a l s o t h e n e r v e b y w h i c h t h e c i l i a r y 

m u s c l e o f t h e e y e i s e n a b l e d t o 

a f f e c t t h e convexity o f t h e crystal

line lens o f t h e e y e , a n d t h u s t o 

a c t as a n a d j u s t e r o f t h e f o c a l d i s 

t a n c e o f o b j e c t s w h o s e i m a g e s f a l l 

u p o n t h e r e t i n a . H o w i m p o r t a n t 

i t i s , t h e r e f o r e , t h a t t h e p u p i l w h i c h i s so e s s e n t i a l t o t h e 

p r o p e r p e r f o r m a n c e o f v i s i o n , s i nce i t c o n t r o l s t h e q u a n t i t y 

o f l i g h t a d m i t t e d t o t h e r e t i n a , s h o u l d b e p l a c e d u n d e r t h e 

s a m e n e r v o u s c o n t r o l as t h e m u s c l e s o f a c c o m m o d a t i o n o f 

v i s i o n ! 

MECHANISM OF THE DILATATION OF THE PUPIL. 

T h e p u p i l i s m a d e t o d i l a t e b y m e a n s o f m u s c u l a r f i b e r s , 

w h i c h r a d i a t e f r o m t h e m a r g i n o f t h e p u p i l t o w a r d t h e c i r 

c u m f e r e n c e o f t h e i r i s . I t i s p r o b a b l e t h a t t h e s e l i b e r s a r e 

u n d e r t h e c o n t r o l o f t h e sympathetic system o f n e r v e s . I f 

so, i t m u s t b e o b s e r v e d t h a t t h e s y m p a t h e t i c n e r v e s h a v e 

a n e f f e c t u p o n t h e i r i s d i r e c t l y o p p o s i t e t o t h a t w h i c h i t 

e x e r c i s e s u p o n t h e b l o o d - v e s s e l s , s ince , w h e n i t i s s t i m u -

1 Experiments of Julius Budge, 1 s51, and Augustus Waller, " Gazette Medicate de 
Paris." Discovered l>v Petit, 1712. 

11 

lie;. 47.— f thnrii Hcri'ix, roursi 
mill Hr/itiihiHoi,, ( After Sappey.) 

1, optic nerve, covered by its exter
nal or ligamentous envelope; 
2, optic nerve, coveted only hv 
its proper envelope (neurilem
ma); 3, 3, sclerotic, or fibrous 
envelope of the eyeball: 4, 4, 
iris ; 5, pupil ; 0, ('», ciliary 
nerves penetrating the scle
rotic ; 7, 7, nerves passing be
tween sclerotic and choroid ; S, 
8, plexus resulting from their 
anastomoses ; 0, 9, ramifications 
extending from this plexus into 
the iris. 
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l a t e d , t h e p u p i l s a r e d i l a t e d , w h i l e t h e b l o o d - v e s s e l s a r e c o n 

t r a c t e d . 

M o s s o 1 h a s e n d e a v o r e d t o s h o w a r e l a t i o n b e t w e e n t h e tur-

gescence o f t h e vessels o f t h e i r i s a n d t h e e x t e n t o f d i l a t a t i o n 

o f t h e p n p i l w h i c h e x i s t s a t t h e s ame t i m e , a n d t h u s t o a v o i d 

FIG. 48.—Section of the lens, etc., showing the mechanism of accommodation. (Fick.) 
The left side of the figure (F) shows the lens adapted to vision at infinite distances ; the 

right side of the figure (N) shows the lens adapted to the vision of near objects, the 
ciliary muscle being contracted and the suspensory ligament of the lens consequently 
relaxed. 

the apparent inconsistency in the effect of the sympathetic 

s y s t e m u p o n t h e s ame t y p e o f m u s c u l a r s t r u c t u r e . 

O e h l 2 a n d o t h e r s c l a i m t h a t t h e s y m p a t h e t i c fibers, w h i c h 

a c t i n a n t a g o n i s m t o t h o s e o f t h e t h i r d n e r v e u p o n t h e i r i s , 

a r e n o t d e r i v e d f r o m t h e o p h t h a l m i c g a n g l i o n , b u t a c c o m p a n y 

t h e o p h t h a l m i c b r a n c h o f t h e fifth c r a n i a l n e r v e , a n d e n t e r t h e 

e y e w i t h t h e l o n g c i l i a r y n e r v e s ; a n d t h a t , w h e n t h e s e s y m p a 

t h e t i c filaments a r e d i v i d e d , s t i m u l a t i o n o f t h e m a i n s y m p a 

t h e t i c c o r d s n o l o n g e r causes d i l a t a t i o n o f t h e p u p i l . H e t h u s 

a s c r i b e s t o t h e fifth cranial nerve t h e p o w e r o f d i l a t i n g t h e 

p u p i l , a n d r e g a r d s t h e G a s s e r i a n g a n g l i o n as t h e s o u r c e f r o m 

w h i c h t h i s p o w e r i s d e r i v e d f r o m t h e s y m p a t h e t i c s y s t e m . 

T h e e x p e r i m e n t s o f O e h l w e r e m a d e u p o n d o g s a n d r a b b i t s , 

a n d h a v e b e e n c o n f i r m e d b y R o s e n t h a l , H e n s e n , V o l c k e r s , 

a n d V e l p e a u . T h e e f f e c t o f t he se fibers o f t h e fifth n e r v e i s 

t h o u g h t b y t h e s e o b s e r v e r s t o b e d e p e n d e n t u p o n a v a s a - m o -

t o r i a l i n f l u e n c e u p o n t h e b l o o d s u p p l y o f t h e i r i s . 

1 C. F. Mosso, Turin, 1875. 2 Henle und Meissner's "Bericht," 1862. 
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S l i g h t o s c i l l a t i o n s o f t h e p u p i l m a y he o b s e r v e d t o o c c u r 

s y n c h r o n o u s l y w i t h t h e a c t i o n o f t h e h e a r t , a n d o t h e r s , a l so . 

w i t h t h e r e s p i r a t o r y m o v e m e n t s . T h e s e o s c i l l a t i o n s h a v e b e e n 

b y s o m e c o n s i d e r e d as a n e v i d e n c e t h a t t h e m o v e m e n t s o f t h e 

p u p i l w e r e t h e r e s u l t o f a l t e r a t i o n s i n i t s v a s c u l a r i t y , t h e i r i s 

c o n t r a c t i n g w h e n i t s vessels a r e f i l l e d , a n d d i l a t i n g w h e n i t s 

vesse ls a r e e m p t y ; b u t t h e p h y s i o l o g i c a l f a c t t h a t t h e m o v e 

ments of contraction and dilatation of the pupil are noticed in 

t h e b l o o d l e s s e y e seems t o p o i n t t o s o m e o t h e r a g e n c y t h a n 

s i m p l y a n a l t e r a t i o n i n t h e b l o o d s u p p l y . 1 

MOTION'S OF TIIE EYEBALL. 

Since the third nerve is distributed to all of the muscles 

o f t h e e y e b a l l b u t t w o , t h e m o t i o n s o f t h e e y e a r e l a r g e l y 

c o n t r o l l e d b y i t ; w h i l e accommodation of vision i s a l s o p r o 

d u c e d b y i t s d i s t r i b u t i o n t o t h e c i l i a r y m u s c l e S o m e p r a c 

t i c a l f a c t s m a y b e h e r e n o t e d r e s p e c t i n g t h e m o v e m e n t s o f 

t h e e y e b a l l , w h i c h h a v e n o t o n l y a g e n e r a l i n t e r e s t , b u t a 

d i a g n o s t i c v a l u e . 

The eye is virtually a ball placed in a socket, the orbit 

1 " The impairment of iritic reflex action (' pupillary reflex') was first intelligently 
studied in 1869, by Dr. Argyll Robertson, of Edinburgh. His observations have since 
been abundantly verified by numerous observers, and an exhaustive paper on the subject 
has been published by Professor W Erb, of Leipsic, in the Archives of Medicine,' Oc
tober, 1880. Robertson, and others after him, noticed that the pupils of tabetic patients 
did not dilate in the shadow and contract in the light, as do normal pupils, and they fur
ther observed that during the effort of accommodation there occurred a normal pupillary 
contraction. In other words, the reflex iris movements were abolished, while its associa
ted quasi-voluntary movements were preserved. These phenomena may be observed in 
almost all patients suffering from posterior spinal sclerosis, and I am in the habit of call
ing the attention of students to the symptom. In two of the patients now under my care 
this condition is not present, bat there have been cases of abnormal sclerosis in which all 
the symptoms appeared in a most irregular manner." (E. 0. Seguin, " Med. Record," 1881.) 

" The pupils in a suspected ease of posterior-spinal sclerosis are to be tested in the fol
lowing manner: the patient is placed, seated or standing, facing a brightly illuminates! 
window, and told to keep his look fixed on some distant object, such as a house or tree. 
By alternately closing and opening the lids, or, better, by shading the eyes with one's 
hand momentarily, it is easy to see if the pupils change diameter. It is of the utmost 
importance that the patient's intelligent assistance be secured, in order that his gaze shall 
remain adjusted for distance. In a given ease the absence of reaction to light having 
been noted, we next hold up one finger or a small object within a foot of the patient's 
face, and bid him look at it. At once the pupils contract, and do so in proportion to the 
accommodative effort and the coincident convergence. When the patient looks at the dis
tant object, and relatively or absolutely relaxes his accommodation, the pupils dilate again." 
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a n d t h e g l o b e f o r m i n g a b a l l - a n d - s o c k e t j o i n t . I n i t s s o c k e t 

j o i n t , t h e e y e i s c a p a b l e o f a v a r i e t y o f m o v e m e n t s ; b u t i t c a n 

n o t , b y a n y v o l u n t a r y e f f o r t , b e m o v e d o u t o f i t s s o c k e t . B y 

disease, h o w e v e r , t h e p o s i t i o n o f t h e e y e b a l l w i t h i n t h e c a v i t y 

8 
FIG. 49.—Muscles of the eyeball. (Sappey.) 

1, attachment of the tendon connected with the inferior rectus, internal rectus, and ex
ternal rectus; 2, external rectus, divided and turned downward to expose the inferior 
rectus; 3, internal rectus ; 4, inferior rectus ; 5, superior rectus ; 6, superior oblique ; 
7, pulley and reflected portion of the superior oblique; 8, inferior oblique; 9, levator 
palpebral superioris; 10,10, middle portion of the levator palpebral superioris; 11, op
tic nerve. 

of the orbit may be materially altered. By pressure on the 

n e r v e s d i s t r i b u t e d t o i t s m u s c l e s , p a r a l y s i s o f t h o s e i n d i v i d u a l 

m u s c l e s m a y r e s u l t w h i c h a re s u p p l i e d b y t h e a f f e c t e d n e r v e , 

a n d t h e e y e m a y t h u s b e d e f l e c t e d f r o m i t s n o r m a l p o s i t i o n 

b y t h e o t h e r m u s c l e s , w h o s e m o t o r p o w e r i s u n i m p a i r e d . T h e 

a n a t o m i c a l f a c t , t h a t t h e m u s c l e s w h i c h m o v e t h e e y e b a l l de

r i v e t h e i r m o t o r p o w e r f r o m t h r e e sou rces , v i z . : t h e t h i r d , 

f o u r t h , a n d s i x t h c r a n i a l n e r v e s , m a y o f t e n b e m a d e a m e a n s 

o f d e t e r m i n i n g t h e s i t u a t i o n o f a b n o r m a l c o n d i t i o n s w i t h i n 

t h e o r b i t o r c r a n i a l c a v i t y , b y a t h o r o u g h f a m i l i a r i t y w i t h t h e 

p o i n t s o f o r i g i n o f e a c h o f t h e s e n e r v e s , a n d t h e r e l a t i o n s 

w h i c h e a c h b e a r s t o t h e s u r r o u n d i n g p a r t s t h r o u g h o u t t h e 

w h o l e l e n g t h o f i t s c o u r s e . 
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I t h a s b e e n s h o w n b y D o n d e r s t h a t , t h o u g h w e c a n m o v e 

t h e e y e i n a l m o s t e v e r y p o s s i b l e v a r i e t y o f i n c l i n a t i o n , w e c a n 

n o t , b y a voluntary e f f o r t , r o t a t e t h e e y e b a l l a r o u n d i t s l o n g i 

t u d i n a l v i s u a l a x i s . T h e a r r a n g e m e n t o f t h e m u s c l e s o f t h e 

e y e b a l l w o u l d s e e m t o p e r m i t o f s u c h a m o v e m e n t , b u t w e 

c a n n o t b y a n y d i r e c t e f f o r t o f w i l l b r i n g i t a b o u t b y i t s e l f , 

a l t h o u g h w e c a n o c c a s i o n a l l y p r o d u c e i t u n c o n s c i o u s l y w h e n 

w e e n d e a v o r t o m o v e t h e e y e b a l l s i n c e r t a i n s p e c i a l d i r e c t i o n s . 

D u r i n g m o v e m e n t s o f t h e h e a d , t h e eyes , i f d i r e c t e d t o w a r d 

a n o b j e c t , m a y b e k e p t s t a t i o n a r y u p o n t h a t o b j e c t , i n s p i t e o f 

s u c h m o v e m e n t s o f t h e h e a d , 1 v e r y m u c h as t h e n e e d l e o f t h e 

s h i p ' s c o m p a s s r e m a i n s s t a t i o n a r y w h e n t h e s h i p i s t u r n e d . 

B y t h i s w o n d e r f u l c o o r d i n a t i o n o f m o v e m e n t steadiness of 

vision i s i n s u r e d , w h i c h w o u l d b e o t h e r w i s e i m p o s s i b l e . 2 

A TABLE SHOWING THE ACTION OF THE OCULAR MUSCLES. 

To elevate the eye 

Straight movements. { To depress the eye 

Oblique movements. 

To adduct toward the nasal side. 
To adduet toward the malar side. 

To derate and adduct the eye.. 

To depjress and adduct the eye.. 

To derate and ahduct the eye. 

To depress and ahduct the eye.. 

j Rectus superior. 
I Obliquus inferior. 
\ Rectus inferior. 
( Obliquus superior. 

Rectus internus. 
Rectus externus. 

( Rectus superior. 
< Rectus internus. 
' Obliquus inferior. 
( Rectus inferior. 
< Rectus internus. 
' Obliquus superior. 
( Rectus superior. 
< Rectus externus. 
' Obliquus inferior. 

!

Rectus inferior. 

Rectus externus. 
Obliquus superior. 

I n t h e a c c o m p a n y i n g t a b l e , 3 i n w h i c h t h e v a r i o u s m o t i o n s 

o f t h e e v e a r e e n u m e r a t e d , a n d t h e c o m b i n a t i o n s o f m u s c l e s 

n e c e s s a r y t o p r o d u c e e a c h o f t h e s e i n d i v i d u a l m o t i o n s a r e 

s h o w n , i t w i l l b e p e r c e i v e d t h a t i n t h e straight d e f l e c t i o n s o f 

1 An effect due chiefly to the action of the oblique muscles of the eye. 
2 Mich. Foster, " Text-Book of Physiology." 
3 After Mich. Foster, op. cit. 
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t h e g l o b e o f t h e e y e n e v e r m o r e t h a n t w o m u s c l e s a re r e q u i r e d 

t o p r o d u c e t h e m , a n d o f t e n o n l y o n e ; w h i l e , i n t h e oblique 

d e f l e c t i o n s o f t h e g l o b e , t h r e e m u s c l e s a r e a l w a y s c o m p e l l e d 

t o w o r k i n u n i s o n . I t m a y f u r t h e r m o r e b e s t a t e d t h a t , t o 

c o u n t e r b a l a n c e t h e a c t i o n o f e i t h e r o f t h e o b l i q u e m u s c l e s o f 

t h e eye , t w o m u s c l e s a r e a l w a y s r e q u i r e d . S u p p o s e , f o r e x 

a m p l e , t h a t t h e s u p e r i o r o b l i q u e m u s c l e o f t h e o r b i t w a s p a r a 

l y z e d f r o m p r e s s u r e u p o n t h e f o u r t h n e r v e , t h e e y e w o u l d 

t h e n b e d r a w n d o w n w a r d a n d o u t w a r d o n l y b y t h e c o m b i n e d 

a c t i o n o f t h e e x t e r n a l a n d i n f e r i o r r e c t i m u s c l e s , a l t h o u g h 

t h a t i s t h e d i r e c t l i n e o f a c t i o n o f t h e m u s c l e p a r a l y z e d ; w h i l e , 

i f t h a t m u s c l e s h o u l d c o n t r a c t , a n d t h u s d i s p l a c e t h e eye 

d o w n w a r d a n d o u t w a r d , t h e a n t a g o n i s t i c m u s c l e s w o u l d be 

t h e s u p e r i o r a n d i n t e r n a l r e c t i m u s c l e s , s i nce t h e f o r m e r 

w o u l d t e n d t o d r a w t h e e y e u p w a r d a n d i n w a r d , w h i l e t h e 

l a t t e r w o u l d a l s o ass i s t i n d r a w i n g t h e e y e i n w a r d . 

T h e a b i l i t y t o m o v e e i t h e r o f t h e eyes i n d e p e n d e n t l y o f t h e 

o t h e r i s possessed b y v e r y f e w i n d i v i d u a l s , a l t h o u g h , i n r a r e 

cases, s u c h a p o w e r i s p r e s e n t . T h e m o v e m e n t s o f t h e eye 

h a v e b e e n so a r r a n g e d b y N a t u r e t h a t t h e o b j e c t s seen* s h a l l 

a f f e c t t h e c o r r e s p o n d i n g p o r t i o n s o f e a c h o f t h e t w o re t inse , i n 

o r d e r t o i n s u r e s i n g l e v i s i o n ; a n d , f o r t h a t r e a s o n , t h e t w o 

eyes w i l l b e p e r c e i v e d t o m o v e e x a c t l y a l i k e , e a c h p a s s i n g 

s i m u l t a n e o u s l y t o t h e l e f t o r t o t h e r i g h t , u p w a r d o r d o w n 

w a r d . 

I t i s e v i d e n t , t h e r e f o r e , w h e n w e t h r o w i n t o a c t i o n t h e 

r e c t u s i n t e r n u s o f o n e eye , t h a t w e use t h e r e c t u s e x t e r n u s o f 

t h e o p p o s i t e eye , a n d v i c e ve r sa , i n case t h e o b j e c t t o b e f o 

c u s e d u p o n t h e r e t i n s e l i e s a w a y f r o m t h e m e d i a n l i n e o f t h e 

h e a d ; b u t , i f i t l i e s i n t h e d i r e c t l i n e o f v i s i o n , b u t so c lose t o 

t h e f a c e as t o r e q u i r e a m u s c u l a r e f f o r t t o f o c u s i t u p o n t h e 

r e t inas , t h e n t h e t w o i n t e r n a l r e c t i m u s c l e s a r e c a l l e d i n t o 

s i m u l t a n e o u s a c t i o n . F i n a l l y , i n case t h e o b j e c t t o b e p e r 

c e i v e d l i e s a t a d i s t a n c e f r o m t h e eyes , i t b e c o m e s neces sa ry 

f o r t h e eyes t o b e b r o u g h t i n t o n e a r l y a condition of parallel

ism, t o a c c o m p l i s h w h i c h t h e t w o e x t e r n a l r e c t i m u s c l e s a r e 

c a l l e d i n t o s i m u l t a n e o u s a c t i o n . 
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S u c h a c o m p l e x c o o r d i n a t i o n o f m o v e m e n t as t h e v a r i o u s 

p o s i t i o n s o f t h e e y e s d e m a n d w o u l d s e e m t o i n d i c a t e t h a t a 

s p e c i a l a r r a n g e m e n t h a d b e e n m a d e w i t h i n t h e c o m p o n e n t 

p a r t s o f t h e b r a i n t o p r o v i d e f o r i t s c o n t r o l , a n d t h u s i n s u r e 

obl.sujn 

rinf>-

next. j-.sup. r.tnt 
r.inf. 

FIG. 50.—Diagram showing /he axes of rotation of (he eyeball. (After Fick.) 
The black lines indicate the direction of the power applied by each of the six ocular mus

cles. The dotted lines indicate the axis of rotation of the eyeball. The axis of rota
tion for the rectus externus and rectus internus muscles, being perpendicular to the 
page, can not be shown in the diagram. 

that harmony which is absolutely required. The experiments 

o f A d a m u k 1 t e n d t o d e s i g n a t e t h e t u b e r c u l a q u a d r i g e m i n a as 

p r o v i d e d w i t h d i s t i n c t c e n t e r s , w h i c h c o n t r o l c e r t a i n m o v e 

m e n t s o f t h e eyes . T h u s , h e finds i n the nates ( t h e u p p e r 

p o r t i o n o f t h e tubercula quadrigemina) a c o m m o n c e n t e r 2 f o r 

b o t h eyes , s t i m u l a t i o n o f t h e r i g h t s i d e p r o d u c i n g m o v e m e n t s 

o f b o t h e y e s t o t h e l e f t , o f t h e l e f t s i d e , m o v e m e n t s t o t h e 

r i g h t ; w h i l e s t i m u l a t i o n o f t h e m i d d l e l i n e , b e h i n d , causes a 

1 Quoted by Flint, Foster, and others. 
• For details concerning this center, see page 5S of this volume. 
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d o w n w a r d m o v e m e n t o f b o t h eyes , w i t h a c o n v e r g e n c e o f t h e 

axes , a n d , i f m a d e i n f r o n t , a n u p w a r d m o v e m e n t w i t h a r e t u r n 

t o p a r a l l e l i s m , b o t h o f w h i c h e f f e c t s a r e a c c o m p a n i e d b y t h e 

m o v e m e n t s o f t h e p u p i l n a t u r a l l y a s s o c i a t e d w i t h t h e m . 

T h e t h i r d n e r v e h a s a d e c i d e d i m p o r t a n c e i n a f f o r d i n g u s 

o n e m e a n s o f d e t e r m i n i n g t h e d i s t a n c e o f o b j e c t s f r o m t h e 

r e t inas w h i c h p e r c e i v e t h e m , v i z . , t h e muscular sense. I t has 

b e e n p r e v i o u s l y s t a t e d t h a t , i n o r d e r t o p e r c e i v e n e a r o b j e c t s , 

t h e internal recti a n d t h e ciliary m u s c l e s o f e i t h e r e y e a re 

c a l l e d i n t o s i m u l t a n e o u s a c t i o n , a n d w e s o o n l e a r n t o u n c o n 

s c i o u s l y e s t i m a t e t h e a m o u n t o f m u s c u l a r p o w e r r e q u i r e d t o 

p r o p e r l y a d j u s t t h e e y e f o r d i s t i n c t v i s i o n , a n d t h u s t o use 

t h e t h i r d n e r v e , as w e l l as t h e o p t i c n e r v e , as a g u i d e t o t h e ac

c u r a t e d e t e r m i n a t i o n o f d i s t a n c e . 

ALTERATION OF THE POSITION OF THE HEAD FROM PARALYSIS OF 

THE OCULAR MUSCLES. 

I t i s a f a c t w e l l k n o w n a m o n g o c u l i s t s , a n d o n e w h i c h 

o f t e n h e l p s t h e m m a t e r i a l l y i n d i a g n o s i s , t h a t t h e d e f e c t s 

o f v i s i o n , o c c a s i o n e d b y i m p a i r m e n t i n t h e p o w e r o f some o f 

t h e m u s c l e s , w h i c h c o n t r o l t h e e y e b a l l , cause t h e p a t i e n t s u n 

c o n s c i o u s l y t o a s s u m e a position of the head w h i c h t e n d s t o 

ass is t t h e m i n t h e use o f t h e a f f e c t e d e y e . So d i a g n o s t i c a re 

s o m e o f t h e a t t i t u d e s a s s u m e d b y t h i s c lass o f a f f l i c t e d p e o p l e , 

t h a t t h e c o n d i t i o n w h i c h e x i s t s m a y b e t o l d a t a g l a n c e , as 

t h e p a t i e n t e n t e r s a r o o m , b y o n e t h o r o u g h l y f a m i l i a r w i t h 

t h e diseases o f t h i s i m p o r t a n t o r g a n . T h e e x p l a n a t i o n o f t h i s 

t e n d e n c y , o n t h e p a r t o f t h i s c lass o f p a t i e n t s , l i e s i n t h e f a c t 

t h a t a n y los s o f p o w e r i n t h e o c u l a r m u s c l e s i m m e d i a t e l y 

s h o w s i t s e l f i n t h e p e r c e p t i o n o f e v e r y o b j e c t , as i t w e r e , 

d o u b l e d ; a n d i t i s t o o v e r c o m e t h e s e double images t h a t 

p a t i e n t s a l m o s t i n s t a n t a n e o u s l y d i s c o v e r t h e i r a b i l i t y t o g e t 

r i d o f t h e a n n o y a n c e b y s o m e s p e c i a l a t t i t u d e , w h i c h , o f 

c o u r s e , d e p e n d s u p o n t h e m u s c l e w h i c h i s w e a k e n e d o r p a r a 

l y z e d . 

I t w i l l b e n e c e s s a r y , i n o r d e r t o m a k e y o u c l e a r l y u n d e r 

s t a n d t h e m e c h a n i s m o f t h i s p e c u l i a r i t y , t h a t t h e s e p a r a t e 
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a c t i o n o f t h e s i x m u s c l e s w h i c h d i r e c t l y a c t u p o n t h e g l o b e o f 

t h e e y e b e c o n s i d e r e d . 

T h e a c t i o n o f e a c h o f t h e o c u l a r m u s c l e s m a y b e g i v e n . 

t h e n , as f o l l o w s , w i t h t h e p r o v i s o t h a t m a n y o f t h e m o t i o n s 

o f t h e e y e a r e n o t t h e r e s u l t o f t h e c o n t r a c t i o n o f a n y s i n g l e 

m u s c l e , b u t o f t e n o f a n u m b e r a c t i n g e i t h e r i n u n i s o n o r suc

c e s s i v e l y . 

T h e superior oblique m u s c l e t u r n s t h e e y e d o w n w a r d a n d 

o u t w a r d . 

T h e inferior oblique m u s c l e t u r n s t h e e y e u p w a r d a n d 

o u t w a r d . 

T h e superior rectus m u s c l e t u r n s t h e e y e u p w a r d a n d 

i n w a r d . 

T h e inferior rectus m u s c l e t u r n s t h e e v e d o w n w a r d a n d 

i n w a r d . 

T h e internal rectus m u s c l e t u r n s t h e e y e d i r e c t l y i n w a r d . 

T h e external rectus m u s c l e t u r n s t h e e y e d i r e c t l y o u t w a r d . 

T h i s s t a t e m e n t as t o t h e a b o v e m u s c l e s r e v e a l s n o t h i n g 

w h i c h w o u l d n o t b e i m m e d i a t e l y s u g g e s t e d b y t h e i n s e r t i o n 

o f e a c h , w i t h t h e e x c e p t i o n o f t h e s u p e r i o r a n d i n f e r i o r r e c t i 

m u s c l e s , w h i c h , b e s i d e s t h e a c t i o n w h i c h t h e n s i t u a t i o n 

w o u l d n a t u r a l l y s u g g e s t , t e n d a l s o t o draw the eyeball in

ward, o n a c c o u n t o f t h e o b l i q u i t y o f t h e a x i s o f t h e o r b i t a n d 

t h e s a m e o b l i q u i t y o f t h e m u s c l e s , s ince t h e y a r i s e a t t h e a p e x 

o f t h e o r b i t . T h e a c t i o n o f t h e o b l i q u e m u s c l e s i s , as a n y o n e 

f a m i l i a r w i t h t h e i r o r i g i n a n d i n s e r t i o n w o u l d n a t u r a l l y s u r 

m i s e , t o c o n t r o l t h e o b l i q u e m o v e m e n t s o f t h e e y e b a l l . 

N o w , as s o o n as a n y o n e o f t h e s e s i x m u s c l e s b e c o m e s 

p r e s s e d u p o n a n d w e a k e n e d b y t h e p r e s e n c e o f t u m o r s , i n 

f l a m m a t o r y e x u d a t i o n , s y p h i l i s , o r o t h e r causes , t h e p a t i e n t 

a t o n c e perceives double images, a n d , i n o r d e r t o g e t h i s e y e 

i n t o s u c h a r e l a t i v e p o s i t i o n w i t h t h a t o f t h e h e a l t h y s i d e as 

t o e n a b l e t h e m b o t h t o f o c u s u p o n t h e s a m e o b j e c t i n a n a t u 

ral m a n n e r , t h e p a t i e n t s o o n l e a r n s t o so m o v e h i s h e a d as t o 

c o m p e l t h e t w o e y e s t o l o o k i n p a r a l l e l d i r e c t i o n s . 

A v e r y s i m p l e r u l e c a n b e s u g g e s t e d b y w h i c h y o u m a y b e 

e n a b l e d , n o t o n l y t o t e l l i n w h a t d i r e c t i o n a p a t i e n t w o u l d m o v e 
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h i s h e a d i n case a n y s p e c i a l m u s c l e b e r e n d e r e d w e a k o r u t t e r 

l y useless , b u t a l so t o d i a g n o s e t h e m u s c l e a f f e c t e d , w h e n y o u 

l o o k a t t h e p a t i e n t , w i t h o u t a n y k n o w l e d g e o f h i s h i s t o r y . 

T h e r u l e m a y b e t h u s s t a t e d : I n paresis of any of the ocu

lar muscles, the head is so defected f r o m its normal posi

tion that the chin is carried in a direction corresponding to 

the action of the affected muscle. 

T h u s , i n p a r e s i s o f t h e e x t e r n a l r e c t u s , 1 t h e c h i n w o u l d be 

c a r r i e d o u t w a r d t o w a r d t h e i n j u r e d m u s c l e ; w h i l e , i n pa res i s 

o f t h e i n t e r n a l r e c t u s m u s c l e , t h e h e a d w o u l d b e t u r n e d a w a y 

f r o m t h e s i d e o n w h i c h t h e m u s c l e f a i l s t o a c t . I n case t h e 

s u p e r i o r o b l i q u e m u s c l e i s i m p a i r e d , t h e c h i n w o u l d b e c a r r i e d 

d o w n w a r d a n d o u t w a r d ; w h i l e , i n t h e case o f t h e i n f e r i o r 

o b l i q u e m u s c l e , t h e c h i n w o u l d h a v e t o b e m o v e d u p w a r d 

a n d o u t w a r d t o b e n e f i t t h e v i s i o n o f t h e p a t i e n t . T h e supe

r i o r a n d i n f e r i o r r e c t i m u s c l e s , w h e n i m p a i r e d b y d isease o r 

o t h e r causes, w o u l d l i k e w i s e c r ea t e a d e f l e c t i o n o f t h e h e a d i n 

a l i n e c o r r e s p o n d i n g t o t h a t o f t h e i r r e s p e c t i v e a c t i o n s . 

CLINICAL POINTS OF INTEREST PERTAINING TO THE THIRD NERVE. 

P a r e s i s o f t h e e x t e r n a l a n d i n t e r n a l r e c t i m u s c l e s causes, i n 

a d d i t i o n t o t h e f a c t s a l r e a d y d e s c r i b e d , a n o t h e r p o i n t o f v e r y 

g r e a t v a l u e i n d i a g n o s i s , v i z . , a n a l t e r a t i o n i n t h e apparent 

size o f t h e o b j e c t s seen f r o m w h a t t h e y w o u l d b e i n h e a l t h . 

T h e c o n d i t i o n o f v i s i o n , t e r m e d b y o c u l i s t s ' ' megalopsia " o r 

" m a c r o p s i a " s i g n i f i e s p a r e s i s o f t h e e x t e r n a l r e c t u s ; w h i l e 

t h e o p p o s i t e c o n d i t i o n , c a l l e d M micropsia" i n d i c a t e s loss o f 

p o w e r i n t h e i n t e r n a l r e c t u s m u s c l e . 

I n t h e f o r m e r o f these c o n d i t i o n s , t h e o b j e c t s seen b y t h e 

p a t i e n t seem t o b e g r e a t e r i n p o i n t o f size t h a n t h e i n t e l l i g e n c e 

o f t h e p a t i e n t assures h i m i s t h e c a s e ; w h i l e , i n t h e l a t t e r , 

o b j e c t s s eem s m a l l e r t o t h e p a t i e n t t h a n t h e y r e a l l y a re . 

T o e x p l a i n t o y o u j u s t h o w the se v a r i a t i o n s o f v i s i o n a re 

1 While this statement would be absolutely true in theory in all cases, we must 
acknowledge, as a clinical fact, that patients learn to utterly disregard the image in the 
affected eye, when the internal or external rectus is the seat of paresis, and to use the nor
mal eye only for the purposes of vision, thus rendering this attitude of the head less diag
nostic than when the oblique muscles are affected. 
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a c c o m p l i s h e d m a y r e q u i r e a m o r e e x t e n d e d d i s c u s s i o n o f t h e 

p h y s i o l o g i c a l p r o b l e m s o f v i s i o n t h a n a n a n a t o m i c a l d i s c u s 

s i o n c a n p r o p e r l y d e a l w i t h ; b u t , t o u n d e r s t a n d i t , y o u m u s t 

k n o w t h a t t h e a p p a r e n t size o f a n y o b j e c t d e p e n d s u p o n 

t h e a b i l i t y o f t h e p e r s o n t o p r o p e r l y a n d a c c u r a t e l y appreci

ate the angle f o r m e d b e t w e e n r a y s o f l i g h t c o m i n g f r o m t h e 

o b j e c t a n d e n t e r i n g t h e p u p i l s o f e a c h e y e . o r , i n o t h e r w o r d s , 

t h e d i s t a n c e a t w h i c h t h e o b j e c t i s p l a c e d f r o m t h e r e t i n a . 

N o w , i n t h e case o f p a r e s i s o f t h e e x t e r n a l r e c t u s m u s c l e , t h e 

o b j e c t i s c a u s e d t o a p p e a r n e a r e r t o t h e e y e t h a n i t r e a l l y i s , 

a n d t h u s t o b e l a r g e r t h a n n o r m a l v i s i o n w o u l d cause i f t o 

seem, s i n c e t h e a n g l e o f t h e a x e s o f v i s i o n i s g r e a t e r ; w h i l e , 

i n case o f t h e p a r a l y s i s o f t h e i n t e r n a l o b l i q u e , t h e o b j e c t i s 

a p p a r e n t l y m u c h f a r t h e r r e m o v e d f r o m t h e e y e t h a n i t r e a l l y 

i s , a n d t h u s t h e i n t e l l i g e n c e c o n s t r u e s i t as o f s m a l l e r size t h a n 

i t w o u l d i f t h e v i s u a l p e r c e p t i o n s w e r e n o r m a l . 

T h e r e i s o n l y o n e o t h e r c o n d i t i o n o f t h e e y e w h e r e t h e size 

o f o b j e c t s p e r c e i v e d b y t h e r e t i n a i s e i t h e r i n c r e a s e d o r m a r k 

e d l y d i m i n i s h e d , i f t h e a c t u a l s ize b e t a k e n as a s t a n d a r d o f 

m e a s u r e m e n t , a n d t h i s c o n d i t i o n i s o n e o f i n f l a m m a t i o n o f t h e 

c h o r o i d c o a t o f t h e e y e . I t i s a w e l l - r e c o g n i z e d f a c t t h a t , i n 

t h e e f f u s i v e f o r m o f c h o r o i d i t i s , o b j e c t s a r e p e r c e i v e d as m u c h 

s m a l l e r t h a n t h e y r e a l l y a r e , w h i l e i n cicatricial c h o r o i d i t i s 

t h e s ize o f t h e o b j e c t i s m a g n i f i e d . 

T h e s e p h e n o m e n a c a n n o t b e e x p l a i n e d as t h e r e s u l t o f a 

c h a n g e i n t h e a n g l e o f t h e a x i s o f v i s i o n , s i n c e n o t h i n g e x i s t s 

t o d i s t u r b t h e p e r c e p t i o n o f d i s t a n c e ; b u t i t i s a t t r i b u t e d t o a 

s e p a r a t i o n , i n t h e o n e case, a n d t o a n a g g r e g a t i o n i n t h e 

o t h e r , o f t h e cones o f t h e r e t i n a , 

T h e e y e , b y c o n s t a n t use , h a s b e c o m e e n a b l e d t o p a r t l y 

e s t i m a t e t h e s ize o f o b j e c t s b y t h e number of cones i n t h e 

r e t i n a w h i c h a r e c o v e r e d b y t h e i m a g e o f t h e o b j e c t . T h u s . 

w h e n , f r o m causes s u c h as h a v e b e e n m e n t i o n e d a b o v e , t h e 

e l e m e n t s o f t h e r e t i n a a r e e i t h e r h u d d l e d m o r e c l o s e l y t o 

g e t h e r b y a c i c a t r i x o f t h e c h o r o i d c o a t o f t h e e y e , o r d i s s e m 

i n a t e d o v e r a l a r g e r space t h a n t h e y n o r m a l l y o c c u p y b y a n 

e f f u s i o n o f t h e c h o r o i d c o a t , t h e number of cones c o v e r e d b y 
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t h e i m a g e t h r o w n u p o n t h e r e t i n a i s e i t h e r i n c r e a s e d , t h u s 

a p p a r e n t l y m a g n i f y i n g t h e size o f t h e o b j e c t , o r t h e n u m b e r 

o f cones a f f e c t e d i s dec reased , a n d t h u s t h e size o f t h e o b j e c t 

seen i s a p p a r e n t l y d i m i n i s h e d . 

FIG. 51.—A. Vertical section of the retina. B. Connection of the rods and cones of 
(H. Miiller.) the retina with the nervous elements. 

(Sappey.) 
A. 1, 1, layer of rods and cones; 2, rods; 3, cones; 4, 4, 5, 6, external granule layer; 

7, inter-granule layer (cone-fiber plexus); 8, internal granule layer; 9, 10, finely 
granular gray layer; 11, layer of nerve cells; 12, 12, 12, 12, 14, 14, fibers of the 
optic nerve ; 13, membrana Hmitans. 

B. 1, 1, 2, 3, rods and cones, front view; 4, 5, 6, rods, side view; 7, 7, 8, 8, cells of 
the external and internal granule layers; 9, cell, connected by a filament with sub
jacent cells; 10, 13, nerve cells, connected with cells of the granule layers; 11, 21, 
filaments connecting cells of the external and internal granule lavers (12 is not in 
the figure); 14, 15, 16, 17, 18, 19, 20, 22, 23, 24, 25, 26, a rod and a cone, con
nected with the cells of the granule layers, with the nerve cells, and with the nerve 
fibers. 

In cases where complete blindness, even to the sensation 

of light, exists, as sometimes occurs in amaurosis,1 the eyes 

1 For the causes of this condition, see page 127 of this volume. 



PARALYSIS OF THE THIRD XERVE. 

r e m a i n f i x e d a n d i m m o v a b l e , g a z i n g s t e a d i l y f o r w a r d , e v e n 

w h e n o b j e c t s a r e m a d e t o pass b e f o r e t h e v i s i o n ; w h i l e i n 

cases o f p a r t i a l b l i n d n e s s , w h i c h p r e v e n t t h e p e r c e p t i o n o f 

o u t l i n e , b u t s t i l l a l l o w o f t h e p e r c e p t i o n o f p a s s i n g o b j e c t s 

b e t w e e n t h e l i g h t a n d t h e r e t i n a s , b y t h e s h a d o w w h i c h t h e y 

t h r o w , t h e e y e i n v o l u n t a r i l y m o v e s i n a d i r e c t i o n w h i c h c o r 

r e s p o n d s t o t h a t o f t h e m o v i n g o b j e c t . 

Cases i n w h i c h t h e t h i r d n e r v e h a s b e e n i m p a i r e d b y p r e s 

s u r e o r d i s e a s e , o r t o t a l l y d e s t r o y e d b y s e c t i o n , a r e c h a r a c t e r 

i z e d b y a f a l l i n g o f t h e u p p e r e y e l i d o v e r t h e p u p i l , 1 a n d a n 

i n a b i l i t y t o r a i s e i t , o w i n g t o t h e i n a c t i o n o f i t s l e v a t o r m u s 

c l e , so t h a t t h e e y e a p p e a r s c o n s t a n t l y h a l f s h u t . T h i s c o n 

d i t i o n i s k n o w n b y t h e n a m e o f "ptosis." T h e m o v e m e n t s 

o f t h e e y e b a l l a r e a l s o n e a r l y s u s p e n d e d , a n d p e r m a n e n t ex

ternal strabismus t a k e s p l a c e , o w i n g t o t h e p a r a l y s i s o f t h e 

i n t e r n a l r e c t u s m u s c l e , w h i l e t h e e x t e r n a l r e c t u s , a n i m a t e d b y 

a d i f f e r e n t n e r v e , p r e s e r v e s i t s a c t i v i t y . F r o m p a r a l y s i s o f 

t h e fibers d i s t r i b u t e d t o t h e i r i s , a dilatation of the pupil i s 

a l s o p r o d u c e d , a n d accommodation o f t h e i n j u r e d e y e f o r n e a r 

o b j e c t s i s n o l o n g e r p e r f o r m e d . 

W h i l e t h e u p p e r e y e l i d i s p a r t i a l l y r a i s e d b y t h e l e v a t o r 

p a l p e b r s e m u s c l e , w h i c h i s s u p p l i e d b y t h e t h i r d n e r v e , i t i s 

a l s o r a i s e d b y m e a n s o f m u s c u l a r fibers, w h i c h a r e g o v e r n e d 

b y t h e c e r v i c a l s y m p a t h e t i c . A s i m i l a r set o f fibers e x i s t s i n 

t h e l o w e r e y e l i d , a n d i s g o v e r n e d b y t h e s a m e n e r v e s ; a n d i t 

i s p r o b a b l y t h r o u g h t h e i n f l u e n c e o f t h e sympathetic system 

t h a t t h e e y e i s o p e n e d . I n t h e a c t o f w i n k i n g , w h e r e t h e 

s h u t t i n g o f t h e e y e i s u s u a l l y a f f e c t e d m o r e r a p i d l y t h a n t h e 

o p e n i n g , a c o n t r a s t i s a f f o r d e d b e t w e e n t h e a c t i o n o f t h e c r a 

n i a l n e r v e s a n d t h o s e o f t h e s y m p a t h e t i c , s i n c e c l o s i n g o f t h e 

e y e i s p e r f o r m e d b y t h e f a c i a l n e r v e . 2 

E x t e r n a l s t r a b i s m u s m a y o f t e n o c c u r w i t h o u t t h e c o n d i 

t i o n o f " p t o s i s " b e i n g p r e s e n t , t h e filament t o t h e l e v a t o r 

p a l p e b r a l m u s c l e n o t b e i n g a f f e c t e d . 

W h e n a l l t h e m u s c l e s s u p p l i e d b y t h e t h i r d n e r v e a r e 

1 So marked is tins deformity that the upper lid frequently almost touches the 
l m v c r i j j . 2 Mich. Foster, op. cit. 
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p a r a l y z e d , t h e g l o b e o f t h e e y e i s s l i g h t l y p r o t r u d e d , f r o m 

r e l a x a t i o n o f m o s t o f i t s m u s c l e s . 

I n strabismus, o r squint, a n o p t i c a l d e f e c t 1 i s u s u a l l y 

p r e s e n t . So l a r g e i s t h e p e r c e n t a g e o f o p t i c a l e r r o r i n t h o s e 

cases w h e r e t h e eyes t u r n i n w a r d t o w a r d t h e nose , t h a t t h i s 

c o n d i t i o n s e l d o m e x i s t s w i t h o u t a n a c c o m p a n y i n g h y p e r o p i a 

o r f a r - s i g h t e d n e s s , d u e t o a d i m i n u t i o n o f t h e a n t e r o - p o s t e r i o r 

a x i s o f t h e eye . ; w h i l e i n e x t e r n a l s q u i n t , w h e r e t h e e y e l o o k s 

a w a y f r o m t h e nose , t h e o p p o s i t e c o n d i t i o n o f m y o p i a , o r 

n e a r - s i g h t e d n e s s , i s o f t e n p r e s e n t , b u t p e r h a p s n o t i n as l a r g e 

a p e r c e n t a g e o f cases as i n t h e o p p o s i t e d e f l e c t i o n o f t h e eye. 

F o r t h i s r e a s o n , o p e r a t i o n s a r e o f t e n o f l i t t l e b e n e f i t w h e n 

p e r f o r m e d f o r t h e r e l i e f o f s t r a b i s m u s , u n l e s s t h e e r r o r i n 

v i s i o n i s a c c u r a t e l y d e t e r m i n e d a n d c o r r e c t e d b y t h e a p p r o 

p r i a t e lenses . 

DISEASES OF THE OCULAR MUSCLES AND THEIR CAUSES. 

T h e m u s c l e s o f t h e o r b i t m a y p r e s e n t t h e c o n d i t i o n s o f 

s p a s m , c o n t r a c t u r e , m o t o r i r r i t a t i o n , o r p a r a l y s i s . 

T h e c o n d i t i o n o f ' ' nystagmus ' ' i s c h a r a c t e r i z e d b y c l o n i c 

s p a s m o f t h e e x t e r n a l o c u l a r m u s c l e s , a n d b y p e c u l i a r o s c i l l a 

t i o n s o r i n v o l u n t a r y m o v e m e n t s o f t h e o r g a n . I t i s a l w a y s a 

b i l a t e r a l a f f e c t i o n , a n d i t s s t a r t i n g - p o i n t , a c c o r d i n g t o t h e ex

p e r i m e n t s o f A d a m u k a n d F e r r i e r , 2 seems t o b e s i t u a t e d w i t h i n 

1 See Haynes Walton, Stellwag, and others. In speaking of this optical defect, depen
dent upon simple hyperopia, Dr. Loring says, in an article previously quoted in this vol
ume : " I have known boys of eight or ten years of age to beg their parents to let them 
undergo the pain of an operation to rid themselves of a deformity which subjects them so 
often to the unfeeling remarks of their elders, usually friends of the family, as well as 
the uneuphonious but expressive titles bestowed upon them by their own contemporaries, 
of goggle-eye and cock-eye. Nor docs this end with childhood. The deformity is a dis
advantage to him through life. I t pursues him in his business and in his profession. 
Cheated of feature by dissembling nature, he is often thought to be dissembling himself, 
when nothing is further from his thoughts. How often do we hear people say of another, 
whom we know to be perfectly upright and trustworthy, that they do not like him because 
he never looks them squarely in the face! And it is a little curious that precisely here it 
is that the lesser degrees of the trouble produce the most effect. That peculiar expression 
which people complain so much of is generally due to a deviation in the axes of the eyes 
—a slight convergence, which is never very conspicuous, and at times only to be detected 
by a trained eye, but which, nevertheless, produces in all a very disagreeable impression, 
although not marked enough to betray its cause. 

2 Sec page 58 of this volume. 
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the anterior tubercula quadrigemina. It may he produced lo

c a l i s e s a f f e c t i n g e i t h e r t h e c e n t r a l n e r v e g a n g l i a , t h e p e r i p h e 

r a l n e r v e s , t h e r e f r a c t i n g m e d i a o f t h e e y e , o r t h e r e t i n a . W e 

t h u s f i n d i t e x i s t i n g i n c o n n e c t i o n w i t h m e n i n g i t i s , h y d r o 

c e p h a l u s , e t c . , i n u t e r i n e d i seases , w o r m s , d e n t i t i o n , c a r i e s 

o f t h e t e e t h , e t c . , a n d i n s o m e o f t h e d i seases o f t h e e y e o r 
o p t i c n e r v e . 

S p a s m o f the fibers of the iris i s o b s e r v e d , i n r a r e cases, t o 

e x i s t i n c o n n e c t i o n w i t h s o m e i r r i t a t i v e c o n d i t i o n o f t h e cere 

b r o - s p i n a l s y s t e m , w h i c h h a s i n v o l v e d t h e cilio-spinal center 
o f t h e s p i n a l c o r d . 1 

B y contracture o f a m u s c l e i s m e a n t a p e r m a n e n t s h o r t e n 

i n g , i n c o n t r a s t t o i t s t e m p o r a r y s h o r t e n i n g w h e n u n d e r t h e 

o r d i n a r y i n f l u e n c e o f t h e m o t o r s t i m u l u s . I t o c c u r s , i n t h e 

o c u l a r g r o u p o f m u s c l e s , as t h e r e s u l t o f t h e d i r e c t i r r i t a t i o n 

f o l l o w i n g s o m e p a t h o l o g i c a l p r o c e s s , a t a seat m o r e o r less 

d i s t a n t f r o m t h e o r b i t ; o r as t h e e f f e c t o f p r o l o n g e d p a r a l y s i s 

o f s o m e o f t h e a n t a g o n i s t i c m u s c l e s . 

I n t h o s e c e r e b r a l a n d s p i n a l c o n d i t i o n s i n w h i c h c o n v u l s i v e 

a t t a c k s a r e p r o d u c e d , a n d i n a t t a c k s o f h y s t e r i a , t h e e v i d e n c e s 

o f w e l l - m a r k e d motor irritation o f t h e o c u l a r m u s c l e s a r e 

o f t e n o b s e r v e d . 

Paralysis o f t h e o c u l a r g r o u p o f m u s c l e s m a y v a r y i n 

d e g r e e , t h u s c o n s t i t u t i n g e i t h e r p a r e s i s o r t r u e p a r a l y s i s ; a l s o 

i n e x t e n t , t h u s a f f e c t i n g a l l t h e m u s c l e s s u p p l i e d b y t h e t h i r d 

n e r v e , a n d o f t e n t h e f o u r t h a n d s i x t h n e r v e s as w e l l , o r , a g a i n , 

o n l y s e p a r a t e m u s c l e s ; a n d f i n a l l y i n d u r a t i o n a n d i t s sus-" 

c e p t i b i l i t y t o t r e a t m e n t . T h i s s y m p t o m m a y b e e i t h e r a n 

i n i t i a l s y m p t o m , o r a c o m p l i c a t i o n o f s o m e c e n t r a l d i sease , o r 

t h e r e s u l t o f p e r i p h e r a l causes . 

P a r a l y s i s o f t h e m u s c l e s s u p p l i e d b y t h e t h i r d n e r v e is 

m o s t f r e q u e n t l y p r o d u c e d b y t h e f o l l o w i n g causes : C i r c u m 

s c r i b e d m e n i n g e a l p rocesses a t t h e base o f t h e s k u l l ; t u 

m o r s , s o f t e n i n g , a n d h e m o r r h a g e o f t h e c e r e b r a l p e d u n c l e s ; 

s o f t e n i n g a n d h e m o r r h a g e o f t h e c e r e b r a l g a n g l i a ; s y p h i -

1 For details as to the situation and function of this center, the reader is referred to 
subsequent pages of this volume. 
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l i s ( a f f e c t i n g t h e c r a n i a l o r o r b i t a l c a v i t y ) ; o r b i t a l t u m o r s ; 

d i p h t h e r i a ; a n d , finally, a n e u r i s m s o f t h e c a r o t i d (as r e p o r t e d 

b y L e b e r t l ) . I n t h e development of ataxia, t h e t h i r d n e r v e 

m a y b e c o m e p a r a l y z e d s i m u l t a n e o u s l y w i t h o t h e r n e r v e s o f t h e 

c r a n i u m , o r , p o s s i b l y , w i t h o u t o t h e r n e r v e s b e i n g a f f e c t e d , 

a n d t h e s a m e c o n d i t i o n m a y f o l l o w t h e p r o l o n g e d use o f co-

n i u m o r g e l s e m i u m . 

W h e n t h e p a r a l y s i s o f t h e t h i r d n e r v e i s p r o d u c e d b y i n t r a 

c r a n i a l l e s i o n s , t h e p a r a l y s i s i s l i a b l e t o b e b i l a t e r a l o r t o t e n d 

t o w a r d a s y m m e t r i c a l d e v e l o p m e n t as t h e d isease p rogresses ; 

w h i l e t h e f o u r t h a n d s i x t h n e r v e s a r e o f t e n s u b s e q u e n t l y af

f e c t e d . T h e r e a r e a l s o o t h e r s y m p t o m s , o f g r e a t v a l u e i n 

d e c i d i n g u p o n t h e e x i s t e n c e o f i n t r a - c e r e b r a l disease, w h i c h 

m a y b e p r e s e n t , s u c h as t h e c o e x i s t e n c e o f c e p h a l a l g i a , ver

t i g o , s y m p t o m s o f n e u r o - r e t i n i t i s , d i s t u r b a n c e s o f speech a n d 

o f t h e i n t e l l e c t u a l f a c u l t i e s , c o n v u l s i v e m o v e m e n t s o f a l o c a l 

o r g e n e r a l t y p e , a sense o f w e i g h t i n t h e l i m b s , o r , p o s s i b l y , 

t h e p r e s e n c e o f p a r e s i s o r p a r a l y s i s o f t h e m u s c l e s o f t h e 

e x t r e m i t i e s . 

" A v e r y l a r g e p r o p o r t i o n o f t a b e t i c p a t i e n t s t e l l o f p a s t o r 

p r e s e n t d i p l o p i a , a n d , i n a c e r t a i n n u m b e r o f cases, t h e o c u l a r 

p a r a l y s i s p r e c e d e s t h e p a i n s a n d a t a x i a b y s e v e r a l y e a r s . So 

t r u e i s t h i s s t a t e m e n t , t h a t i t h a s b e c o m e a n e s t a b l i s h e d prac

t i c e w i t h n e u r o l o g i s t s a n d o p h t h a l m o l o g i s t s t o s u s p e c t poste

r i o r s p i n a l s c l e ros i s i n a d u l t s w h o p r e s e n t t h e m s e l v e s w i t h 

s t r a b i s m u s , d i p l o p i a , o r p t o s i s . I n s u c h a case w e s h o u l d 

c a r e f u l l y q u e s t i o n t h e p a t i e n t a b o u t t h e o c c u r r e n c e o f f u l g u 

r a t i n g p a i n s , a n d t e s t t h e p u p i l l a r y a n d t e n d i n o u s r e f l e x e s . I 

n e e d h a r d l y a d d t h a t a n o t h e r o b l i g a t o r y l i n e o f i n q u i r y i n 

s u c h cases i s w i t h r e f e r e n c e t o s y m p t o m s o f s y p h i l i s . " 2 

T h e s ame r e m a r k s a p p l y t o a t r o p h y o f t h e o p t i c ne rve , 

w h i c h i s o c c a s i o n a l l y a n e a r l y s y m p t o m . 

I t i s n o t i n f r e q u e n t f o r lesions of the spinal cord t o p r o 

d u c e p a r a l y s i s o f t h e o c u l a r m u s c l e s . T h e p r e s e n c e o f s u c h 

a n e x c i t i n g cause m a y b e s u r m i s e d b y t h e c o e x i s t e n c e o f v a g u e 

n e u r a l g i a s i n t h e b r a n c h e s o f t h e c e r v i c a l o r b r a c h i a l p l e x u s e s , 
1 Quoted by Rosenthal. 2 E. 0. Seguin, " Med. Record," 1881. 
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o r i n t h e s c i a t i c n e r v e s ; o f a b n o r m a l s e n s a t i o n s i n t h e b a c k . 

k n e e s , a n d so les o f t h e f e e t ; s e m i n a l e m i s s i o n s , f r e q u e n t o r 

p r o l o n g e d e r e c t i o n s , o r d i m i n i s h e d s e x u a l p o w e r ; e x t r e m e 

s e n s i t i v e n e s s t o m o i s t u r e o f t h e a t m o s p h e r e o r w i n d s ; a 

t e n d e n c y t o f a t i g u e , o f t e n p r e s e n t a f t e r a n i g h t " s r e p o s e ; 

a n d a n i n c r e a s e i n t h e g a l v a n o - e x c i t a b i l i t y o f t h e m a i n n e r v e 

t r u n k s . 

P a r a l y s i s o f t h e o c u l a r m u s c l e s m a y accompany r/losso-

labio-pliaryngeal paralysis ( D u c h e n n e ' s d i s e a s e ' ) , i f t h e c e n 

t e r f o r t h e m o v e m e n t s o f t h e e y e b e a f f e c t e d a t t h e s a m e t i m e 

as t h e c e n t e r s o f t h e m u s c l e s o f s p e e c h a n d d e g l u t i t i o n ; i n 

t h i s case, t h e t h i r d a n d s i x t h n e r v e s a r e f r e q u e n t l y a f f e c t e d 

s i m u l t a n e o u s l y . T h e s a m e c o n d i t i o n o f t h e o c u l a r m u s c l e s 

m a y a l s o a c c o m p a n y ataxic symptoms o f c e r e b r a l o r i g i n . 

Rheumatism m a y p r o d u c e o c u l a r p a r a l y s i s . T h i s cause i s 

t o b e s u s p e c t e d w h e n n o s y m p t o m s e x i s t w h i c h s e e m t o p o i n t 

t o l o c a l t r o u b l e i n t h e o r b i t o r b r a i n . I t i s f o u n d t o a f f e c t t h e 

m o t o r o c u l i a n d t h e a b d u c e n s n e r v e s m o r e f r e q u e n t l y t h a n t h e 

p a t h e t i c u s . 

Diplopia a n d strabismus a r e o f t e n t h e f i r s t s y m p t o m s o f 

c e r e b r a l d i seases o r a t a x i a , s i n c e t h e y m a y a p p e a r b e f o r e t h e 

o t h e r p a r t s o f t h e m u s c u l a r s y s t e m a r e a f f e c t e d . I f t h e y s h o w , 

a t t i m e s , a t e n d e n c y t o w a r d s p o n t a n e o u s r e t r o g r e s s i o n , a n d 

a g a i n r e t u r n w i t h t h e s i m u l t a n e o u s o c c u r r e n c e o f n e u r a l g i c 

p a i n , t h e d e v e l o p m e n t o f a c e r e b r a l l e s i o n i s r e n d e r e d s t i l l 

m o r e p r o b a b l e . 

THE FOURTH (TROCHLEAR OR PATHETIC) XERVE. 

The apparent origin of this nerve is from the superior 

peduncle of the cerebellum, a n d i t t h e n w i n d s a r o u n d i t , pass

i n g c lo se t o t h e p o s t e r i o r b o r d e r o f t h e p o n s V a r o l i i . T h e 

d e e p o r i g i n o f t h e f i b e r s m a y b e t r a c e d t o f o u r d i f f e r e n t s i t 

u a t i o n s , as f o l l o w s : 1 , s o m e f i b e r s t o t h e substance of the 

1 The svmptoms of this condition will be found mentioned in more detail in connec
tion with the hvpo-glossal nerve. 

12 
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peduncle; 2, o t h e r f i b e r s t o t h e valve of Vieiissens, w h e r e 

t h e y a r e l o s t , w i t h t h e e x c e p t i o n o f a f e w , w h i c h c a n b e t r a c e d 

t o t h e frenulum; 3, a f e w fibers t o t h e tubercula quadrige

mina ; 4 , a l a r g e b u n d l e , w h i c h pass i n w a r d t o w a r d t h e 

m e d i a n l i n e a n d t h e n decussate w i t h c o r r e s p o n d i n g filaments 

o f t h e o p p o s i t e s i de . 

T h i s d e c u s s a t i o n o f t h e fibers o f t h e n e r v e i s f o r t h e same 

p h y s i o l o g i c a l r e a s o n , as w a s m e n t i o n e d i n c o n n e c t i o n w i t h t h e 

p r e c e d i n g n e r v e , v i z . , t o a f f o r d 

h a r m o n y o f a c t i o n b e t w e e n 

t h e t w o s ides , w h e n t h e eyes 

a r e c o m p e l l e d - t o r e m a i n fixed 

u p o n a n o b j e c t d u r i n g m o v e 

m e n t s o f t h e h e a d . 

F r o m t h e p o i n t o f a p p a r 

e n t o r i g i n , t h e n e r v e passes 

f o r w a r d a l o n g t h e outer wall 

o f t h e c a v e r n o u s s i n u s , w h e r e 

i t l i e s below the third nerve 

a n d above the ophthalmic 

branch o f the fifth nerve, a n d 

escapes f r o m t h e c a v i t y o f t h e 

c r a n i u m , t h r o u g h t h e h i g h e s t 

p a r t o f t h e s p h e n o i d a l fissure, 

i n t o t h e c a v i t y o f t h e o r b i t . 

T h e q u e s t i o n o f t h e f u n c 

t i o n o f t h i s n e r v e r e so lves i t 

s e l f s i m p l y i n t o t h e m o d e o f a c t i o n o f t h e superior oblique 

muscle. T h i s m u s c l e a r i ses j u s t a b o v e t h e i n n e r m a r g i n o f 

t h e o p t i c f o r a m e n , a n d passes f o r w a r d a l o n g t h e u p p e r w a l l 

o f t h e o r b i t , a t i t s i n n e r a n g l e , t o a l i t t l e c a r t i l a g i n o u s r i n g , 

w h i c h serves as a pulley f o r i t s t e n d o n . I t s t e n d o n becomes 

r o u n d e d j u s t b e f o r e i t passes t h r o u g h t h i s r i n g , w h e r e i t m a k e s 

a s h a r p c u r v e , passes o u t w a r d a n d s l i g h t l y b a c k w a r d , a n d be

c o m e s s p r e a d o u t , t o b e a t t a c h e d t o t h e g l o b e , a t t h e s u p e r i o r 

a n d e x t e r n a l p a r t o f i t s p o s t e r i o r h e m i s p h e r e . I t i s , t h e r e 

f o r e , t h e d i r e c t a n t a g o n i s t o f t h e i n f e r i o r o b l i q u e m u s c l e . 

FIG. 52.—Distribution of the patheticus. 
(Hirschfeld.) 

I , olfactory nerve; I I , optic nerves; I I I , mo
tor oculi communis; IV, patheticus, by the 
side of the ophthalmic branch of the fifth, 
and passing to the superior oblique muscle; 
V I , motor oculi externus ; 1, ganglion of 
Gasscr; 2, 3, 4, 5, 6, 7, 8, 9, 10, ophthal
mic division of the fifth nerve, with its 
branches. 
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I n i t s f u n c t i o n , i t i s p u r e l y a motor n e r v e , b u t i t r e c e i v e s 

a f e w r e c u r r e n t f i b e r s f r o m t h e f i f t h n e r v e , w h i c h a r e sen

s o r y 

W h e n t h i s n e r v e i s p a r a l y z e d , t h e p o s i t i o n o f t h e e y e 

s h o w s n o a p p a r e n t c h a n g e , e x c e p t w h e n t h e h e a d i s m o v e d 

f r o m s i d e t o s i d e , i n w h i c h case t h e eye moves with the head : 

t h e a b s e n c e o f t h e u s u a l c o m p e n s a t i n g m o v e m e n t o f t h e e y e . 

w h i c h a c c o m p a n i e s a l l t h e m o v e m e n t s o f t h e h e a d , b e i n g de 

s t r o y e d i n c o n s e q u e n c e o f t h e p a r a l y s i s o f t h e s u p e r i o r o b l i q u e 

m u s c l e , w h i c h g r e a t l y a ss i s t s i n t h i s a c t . T h e p a t i e n t a l s o 

sees a d o u b l e i m a g e , w h e n e v e r a t t e m p t s a r e m a d e t o l o o k 

s t r a i g h t f o r w a r d , o r a t o b j e c t s s i t u a t e d t o w a r d t h e p a r a l y z e d 

s i d e ; b u t t h e i m a g e b e c o m e s a s i n g l e o n e w h e n t h e h e a d i s 

t u r n e d t o w a r d t h e s o u n d s i d e t o v i e w a n y o b j e c t ; h e n c e t h i s 

a b n o r m a l i t y o f a t t i t u d e o f t h e h e a d i s u s u a l l y p r e s e n t . 1 

T H E TRIGEMINUS OR F I F T H N E R V E . 

This important nerve has its apparent origin within the 

c r a n i u m f r o m t h e lateral aspect o f t h e pons Varolii, a l t h o u g h 

i t s d e e p f i b e r s h a v e b e e n t r a c e d b y L o c k h a r t C l a r k e t o t w o 

d i s t i n c t n u c l e i , s i t u a t e d i n t h e floor o f t h e f o u r t h ventricle 

n e a r t o t h e g r a y t u b e r c l e o f R o l a n d o . 2 I t i s a m i x e d n e r v e , 

h a v i r % a d i s t i n c t motor a n d sensory root; a n d t h u s pos 

sesses b o t h a f f e r e n t f i b e r s , t h r o u g h w h i c h s e n s o r y i m p r e s 

s i o n s a r e t r a n s m i t t e d t o t h e b r a i n , a n d efferent f i b e r s , b y 

w h i c h m o t o r i m p u l s e s a r e t r a n s m i t t e d f r o m t h e b r a i n t o t h e 

p e r i p h e r y o f s o m e b r a n c h e s o f t h e n e r v e . 

T h e i n t i m a t e r e l a t i o n s w h i c h t h e n e r v e b e a r s w i t h t h e 

p o i n t s o f o r i g i n o f t h e s i x t h , s e v e n t h , e i g h t h , n i n t h , t e n t h , 

e l e v e n t h , a n d t w e l f t h c r a n i a l n e r v e s i n the floor of the fourth 

ventricle p o s s i b l y e x p l a i n m a n y o f t h o s e p h e n o m e n a w h i c h 

a r e c o n s i d e r e d as r e f l e x i n c h a r a c t e r , a n d w h o s e s t a r t i n g - p o i n t 

> For other examples of this diagnostic guide in paralysis of ocular muscles, sec pre
vious pages upon the third cranial nerve. 

- S c e n e s which relate to the medulla oblongata. 
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seems t o d e p e n d n p o n some i r r i t a t i o n o f t h e f i f t h n e r v e b y 

m e a n s o f v a r i o u s b r a n c h e s . 

T h e t w o r o o t s o f t h i s n e r v e pass f o r w a r d , s i d e b y s ide , 

as f a r as t h e p e t r o u s p o r t i o n o f t h e t e m p o r a l b o n e . A t t h i s 

p o i n t a m a r k e d e n l a r g e m e n t , c a l l e d t h e g a n g l i o n o f Gasser , i s 

d e v e l o p e d u p o n t h e sensory root; a n d s u b s e q u e n t l y t h i s r o o t 

FIG. 53.— Ophthalmic division of the fifth. (Hirschfeld.) £ 
1, ganglion of Gasscr; 2, ophthcdinic division of the fifth ; 3, lachrymal branch ; 4, frontal 

branch; 5, external frontal; 6, internal frontal; 7, supra-trocldear; 8, nasal 
branch; !), external nasal; 10, internal nasal; 11, anterior deep temporal nerve; 
12, middle deep temporal nerve; 13, posterior deep temporal nerve; 14, origin of 
the superficial temporal nerve ; 15, great superficial petrous nerve. I to X I I , roots 
of the cranial nerves. 

d i v i d e s i n t o t h r e e l a r g e n e r v o u s t r u n k s c a l l e d , r e s p e c t i v e l y , 

t h e o p h t h a l m i c , t h e s u p e r i o r m a x i l l a r y , a n d t h e i n f e r i o r m a x 

i l l a r y n e r v e s , w h i c h escape f r o m t h e c a v i t y o f t h e c r a n i u m 

t h r o u g h d i f f e r e n t f o r a m i n a . 1 T h e m o t o r r o o t a c c o m p a n i e s t h e 

i n f e r i o r m a x i l l a r y n e r v e u n t i l i t ha s e s c a p e d f r o m t h e c r a n i u m , 

w h e n i t u n i t e s w i t h i t . 

1 The sphenoidal fissure, foramen rotundum, and foramen ovale respectively afford a 
passage for these branches from the cranium. 
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TABLE OF THE DISTRIBUTION OF THE FIFTH CRANIAL NERVE. 1 
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' I Ganglionic nerve (to ciliary ganglion). 
i Long ciliary nerves. 

Infra-trochlear nerves. 
•1 Internal set. To septum of nose. 

I To mucous mcm-
I External set. | brane and intcgu-
1 ( ment of nose. 

ORBITAL or TFMPORO-MALAR nerve. 
SniExo-PALATiNE NERVES (to Meckel's gan

glion). 
POSTERIOR DENTAL { S 1 1 ' P^r f ic ia l dental 

nerve. ) b r a i i c h e s -
[ ( Deep dental branches. 

In the infra-orbital \ . 
canal. \ ANTERIOR DENTA 

r 

In the sj)heno-maxil-
lary foam. 

'AL NERVE. 

On the face. 
{ PALPEBRAL branches. 
\ NASAL branches. 
( LABIAL branches. 

c. INFERIOR 
MAXILLARY-! 

NERVE. 

From the anterior 
trunk. 

From the posterior 
trunk. 

f (1) MASSETERIC branch. 

| (2) DEEP TEMPORAL, -j ^nt

t

c, ior b

K

ranc

T 

1 ( Posterior branch. 
i (3) BUCCAL branch. 
\ tt\ D„ m , . „ „ , „ ( Internal branch. 

(4) PTERYGOID. •{ „ . , , . 
I w { External branch. 
1(1) AURICULO TEM- ( Auricular. 

PORAL NERVE. \ Temporal. 
(2) GUSTATORY NERVE. 

i TMylo-hyoid. 
(3) INFERIOR DENTAL) Incisor. 

NERVE. 1 Mental. 
I {Dental. 

F r o m a n a t o m i c a l p o i n t s w h i c h h a v e b e e n m e n t i o n e d , a n d 

a l s c P b y t h e a b o v e t a b l e , t h e f a c t i s s h o w n t h a t t h e o p h t h a l m i c 

a n d t h e s u p e r i o r m a x i l l a r y n e r v e s possess no motor power, 

w h i l e t h e i n f e r i o r m a x i l l a r y n e r v e i s both motor and sensory 

i n i t s f u n c t i o n . I t h a s b e e n m e n t i o n e d i n p r e v i o u s pages , 

h o w e v e r , t h a t a vaso-motorial i n f l u e n c e i s pos se s sed b y t h e 

o p h t h a l m i c n e r v e , a n d a l s o a d i r e c t p o w e r o f d i l a t i n g t h e 

p u p i l s ; b u t t h e s e e f f e c t s a r e u n q u e s t i o n a b l y d e p e n d e n t u p o n 

filaments g i v e n t o i t b y t h e s y m p a t h e t i c n e r v e . 

T h e u l t i m a t e d i s t r i b u t i o n o f t h e t h r e e b r a n c h e s o f t h e fifth 

n e r v e m a y p o s s i b l y b e m a d e m o r e c l e a r b y g r o u p i n g t o g e t h e r 

t h e e f f e r e n t a n d a f f e r e n t fibers, a n d t h u s s e p a r a t i n g t h e p a r t s 

1 Copied from " Essentials of Anatomy" (Darling and Ranney), New York, 1SS1. 
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FIG. 54.—A diagram of the distribution of the fifth nerve} 

1, the crus cerebri ; 2, the sensory root of the nerve ; 3, the motor root of the nerve ; 4, 
the Gasserian ganglion, upon the sensory root only; 5, the ophthalmic nerve, passing 
through the sphenoidal fissure; 6, the superior maxillary nerve, passing through the 
foramen rotundum, to enter the spheno-maxillary fossa; 7, the inferior maxillary 
nerve, passing through the foramen ovale in company with the motor root, which 
soon joins i t ; 8, a filament sent backward from the ophthalmic nerve to the tento
rium cerebelli; 9, the frontal nerve ; 10, the lachrymal nerve ; 11, the nasal nerve; 
12, the supra-orbital nerve, passing through the foramen of the same name ; 13, the 
supra-trorhlear nerve; 14, the long ciliary nerves to the iris; 15, the lenticular, or 
ciliary ganglion ; 16, the temporo-malar nerve, showing its division into the temporal 
branch and the malar branch; 17,the sphenopalatine nerves, going to Meckel's gan
glion ; 18, the posterior dental nerves, given off just before the superior maxillary nerve 
enters the infra-orbital canal, after passing through the spheno-maxillary fossa^ 19, 
the anterior dental nerves, given off in the antrum; 20, the naso-palatine nerve, es
caping at the anterior palatine foramen, after passing through the antrum; 21, the 
anterior palatine nerves, after escaping from the posterior palatine foramen ; 22, the 
deep temporal nerve ; 23, the masseteric branch ; 24, the bucccd branch, which often 
also supplies the external pterygoid muscle; 25, the pterygoid branch, going chiefly 
to the internal pterygoid muscle; 26, the posterior palatine nerves, after escaping 
from the posterior palatine foramen, going to the muscles of the soft palate; 27, the 
auriculo-temporal nerve, splitting and thus embracing the middle meningeal artery; 
28, the gustatory or lingua' nerve, distributed to the anterior two thirds of the tongue; 
29, the inferior denial nerve, passing through the inferior dental canal, beneath the 
teeth of the lower jaw; 30, the my'o-hi/oid nerve, a branch of the inferior dental 
nerve; 31, the chorda tympani nerve, joining the gustatory nerve, and possibly bring
ing to it the perception of taste ; 32, the middle meningeal artery ; 33, the fibers going 
to the carotid and cavernous plexuses of the sympathetic system; 34, the Vidian 
nerve, going from Meckel's ganglion to the Vidian canal. Ganglia of the fifth nerve. 
— L , The lenticular ganglion, sending fibers to iris and ciliary muscle; c, the Gasse
rian ganglion ; o, the otic ganglion, lying on the inferior maxillary nerve below the 
foramen ovale ; s, the submaxillary ganglion, connected with the gustatory and chorda 
tympani nerves ; M, Meckel's ganglion, lying in the spheno-maxillary fossa. 1 Modified f r :m Flower. 
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w h i c h a r e s u p p l i e d a l o n e w i t h s e n s a t i o n f r o m t h o s e t o w h i c h 

t h e m o t o r r o o t i s e v e n t u a l l y d i s t r i b u t e d . 

T h e e f f e r e n t fibers o f t h e f i f t h p a i r g i v e m o t o r p o w e r t o 

t h e m u s c l e s o f m a s t i c a t i o n , v i z . , t h e t e m p o r a l , m a s s e t e r , a n d 

FIG. 55.—Inferior maxillary division of the fifth. (Hirschfeld.) 
1, branch from the motor root to the masseter muscle; 2, filaments from this branch to 

the temporal muscle; 3, buccal branch ; 5, 6, 7, branches to the muscles; S, auri
culotemporal nerve ; 9, temporal branches ; 10, auricular branches; 11, anastomosis 
with the facial nerve ; 12, lingual branch ; 13, branch of the motor root to the mylo
hyoid muscle; 14, 15, 15, inferior dental nerve, with its branches ; 16, mental branch; 
17, anastomosis of this branch with the facial nerve. 

pterygoids ; also to the mylo-hyoid and anterior belly of the 

d i g a s t r i c , a n d t o t h e t e n s o r p a l a t i a n d t e n s o r t y m p a n i . T h e y 

t h u s c o n t r o l n o t o n l y t h e p h y s i o l o g i c a l a c t o f mastication, 

b u t a l s o , t o s o m e e x t e n t , t h e a c t s o f deglutition a n d hearing. 

T h e s e f i b e r s f u r t h e r m o r e a f f o r d a vaso-motor i n f l u e n c e o v e r 

v a r i o u s vesse l s i n c e r t a i n r e g i o n s o f t h e h e a d a n d f a c e . Secre

tory fibers t o t h e l a c h r y m a l g l a n d , a n d , a c c o r d i n g t o s o m e 
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a u t h o r s , t o t h e p a r o t i d a n d s u b m a x i l l a r y g l a n d s , b y m e a n s o f 

f i b e r s d e r i v e d f r o m t h e f a c i a l n e r v e ( t h r o u g h t h e c h o r d a t y m 

p a n i b r a n c h ) , a re a t t r i b u t e d t o t h e t r i g e m i n u s . B y these f i b e r s , 

t h e s e c r e t i o n s n e c e s s a r y t o t h e p e r f e c t p e r f o r m a n c e o f t h e 

p a r t s s u p p l i e d b y t h e f i f t h n e r v e a re a l so p l a c e d u n d e r i t s 

c o n t r o l , t h u s i l l u s t r a t i n g a g a i n t h a t b e a u t i f u l l a w o f N a t u r e 

i n a r r a n g i n g t h e n e r v e s i n a c c o r d a n c e w i t h h a r m o n y o f a c t i o n . 

B e s i d e t h e e f f e r e n t fibers possessed b y t h e fifth n e r v e , t h e r e 

e x i s t i n a d d i t i o n c e r t a i n u n n a m e d fibers w h i c h c o n t r o l t h e 

p r o p e r nutrition o f t h e eye, nose, a n d other portions of the 

face. T h e s e l a t t e r fibers a re n o t as y e t f u l l y a s c e r t a i n e d so 

as t o be d e s c r i b e d i n d e t a i l , b u t t h e i r e x i s t e n c e seems i n d i -

FIG. 56.—Superior maxillary division of the fifth. (Hirschfeld.) 
1, ganglion of Gasser; 2, lachrymal branch of the ophthalmic division ; 3, superior max

illary division of the fifth ; 4, orbital branch ; 5, lachrymo-palpebral filament; 6, 
malar branch ; 7, temporal branch ; 8, sphenopalatine ganglion ; 9, Vidian nerve; 10, 
great superficial petrosal nerve; 11, facial nerve; 12, branch of the Vidian nerve; 
13, anterior and two posterior dental branches; 14, branch to the mucous membrane of 
the cdneolar processes; 15, terminal branches of the superior maxillary division ; 16, 
branch of the facial. 

cated by the fact that, after section of the fifth nerve, the 

c o r n e a b e c o m e s c l o u d y ; t h e w h o l e e y e b e c o m e s i n f l a m e d , 

o n l y t o s u b s e q u e n t l y d i s o r g a n i z e ; t h e m u c o u s m e m b r a n e o f 

t h e nose i s s i m i l a r l y d e s t r o y e d , a n d u l c e r s f r e q u e n t l y m a k e 

t h e i r a p p e a r a n c e u p o n t h e m u c o u s m e m b r a n e o f t h e l i p s a n d 

g u m s . S n e l l e n , h o w e v e r , c o n s i d e r s t he se c h a n g e s as t h e ef -



AFFERENT FIBERS OF THE FIFTH XERYE. 157 

fects of the mechanical irritation of dirt, which the mucus 

m e m b r a n e s , n o l o n g e r p o s s e s s i n g s e n s i b i l i t y , a r e u n a b l e t o 
p e r c e i v e . 

T h e a f f e r e n t fibers o f t h e fifth n e r v e a f f o r d g e n e r a l sensa

t i o n t o t h e e n t i r e s k i n o f t h e h e a d a n d f a c e , e x c e p t i n t h e 

occipital region a n d t h e back a n d lower part o f t h e ear; 

FIG. 57.—Supnfichd branches of the facial and the fifth. (Hirschfeld.) 
1, trunk of the facial; 2, posterior auricular rurve; 3, branch which it receives from tlv 

cervical ph.rus ; -1, occipital branch ; 5, 6, hranches to the muscles of the car ; 7, dip <s-
trie branches - S, branch to the stfio-liyoid musv'c ; 9, superior terminal branch ; In, 
temporal branches ; 11, frontal branches : 12, branches to the orbicularis pedjiebrarum 
13, nasal, or suborbital branches ; 14, buccal branches ; 15, in f rior terminal branch , 
10, mental branches ; 17, <•< rr/<rd branches ; IS, superficial temporal nerve (branch of 
the f i f th ) ; 1!>, 20, frontal nerves (branches of the f i f th) ; 21, 22, 23, 24, 25, 20, 27, 
branches of the fifth ; 28, 29, 30, 31, 32, branches of the cervical nerves. 

and also to the mucous membranes of the mouth, with the 

exception of the posterior pillar of the fauces and the poste-

1 Hilton. 
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r i o r t h i r d o f t h e t o n g u e , w h i c h d e r i v e t h e i r s e n s a t i o n b y 

m e a n s o f t h e g l o s s o - p h a r y n g e a l n e r v e s . 

T h e a c c u r a c y o f t h i s s t a t e m e n t , as r e g a r d s t h e d i s t r i b u t i o n 

t o t h e i n t e g u m e n t o f t h e ear, w h i c h i s n o w a c c e p t e d b y m o s t 

o f t h e a n a t o m i c a l a u t h o r s o f t h e p r e s e n t d a y , w a s s t r a n g e l y 

a t t e s t e d t o b y f a c t s b r o u g h t u n d e r t h e n o t i c e o f J o h n H i l t o n , 1 

w h o w a s t h u s e n a b l e d c l i n i c a l l y t o v e r i f y t h e e x a c t d i s t r i b u 

t i o n o f t h e f i f t h n e r v e t o t h e p i n n a a n d t h e a u d i t o r y c a n a l . 

I t seems t h a t a n a t t e m p t w a s m a d e b y a c r i m i n a l t o k i l l h i s 

w i f e b y c u t t i n g h e r t h r o a t , b u t t h a t t h e a t t e m p t w a s n o t suc

c e s s f u l , a n d r e s u l t e d i n s e v e r i n g t h e a u r i c u l a r b r a n c h o f t h e 

second cervical nerve, w h i c h s u p p l i e s t h e ear, as w e l l as t h e 

f i f t h c r a n i a l n e r v e . A n o p p o r t u n i t y w a s t h u s a f f o r d e d t o ex

a m i n e , b y t h e use o f n e e d l e p o i n t s , t h e s t a t e o f s e n s i b i l i t y o f 

t h e d i f f e r e n t p o r t i o n s o f t h e ear, a n d t o d e c i d e , b y t h e loss 

o f s e n s i b i l i t y , t h e e x a c t r e g i o n s w h i c h t h e s e c o n d c e r v i c a l 

n e r v e s u p p l i e d . I t w a s t h u s p r o v e n t h a t t h e upper a n d ante

rior part o f t h e ear, a n d a l s o t h e auditory canal, w a s s u p 

p l i e d b y t h e f i f t h c r a n i a l n e r v e ; a n d t h a t , t h e r e f o r e , these 

p a r t s a r e i n d i r e c t n e r v o u s c o m m u n i c a t i o n w i t h t h e f o r e h e a d , 

t e m p l e , f a c e , nose , t e e t h , a n d t h e t o n g u e . 

I t c a n t h u s b e e a s i l y u n d e r s t o o d w h y p a i n i n t h e a u r i c u l a r 

r e g i o n , as e v i d e n c e d i n cases r e c i t e d l a t e r o n , m a y p r o v e a 

m o s t v a l u a b l e d i a g n o s t i c s i g n o f i r r i t a t i o n o f s o m e o f t h e o t h e r 

b r a n c h e s o f t h e f i f t h n e r v e , d i s t r i b u t e d t o t h e r e g i o n s w h i c h 

a re a s s o c i a t e d b y m e a n s o f t h i s n e r v e w i t h t h e ear , a l t h o u g h 

a p p a r e n t l y h a v i n g n o a n a t o m i c a l r e l a t i o n w i t h i t . 

I n t h e p a r t l y d i a g r a m m a t i c r e p r e s e n t a t i o n o f t h e d i s t r i 

b u t i o n o f t h e n e r v e s t o t h e c u t a n e o u s s u r f a c e o f t h e h e a d , t h e 

o u t l i n e s o f t h e v a r i o u s r e g i o n s , r e p r e s e n t e d as s u p p l i e d b y 

t h e d i f f e r e n t n e r v e s , a r e as n e a r l y a c c u r a t e as c a r e f u l i n v e s t i 

g a t i o n c a n d e t e r m i n e t h e m . 2 I t w i l l b e p e r c e i v e d t h a t nine, 

o u t o f t h e f o u r t e e n r e g i o n s m a p p e d o u t u p o n t h e h e a d a n d 

n e c k , a re s u p p l i e d w i t h s e n s a t i o n b y s o m e o f t h e b r a n c h e s o f 
1 " Rest and Pain," London (New York, 1879). 
2 As the boundaries of the regions supplied by any nerve gradually shade off into 

neighboring regions, it is not well to rely upon the extreme area of any region in testing 
the special sensibility of any nerve. 
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the fifth cranial ncrr<\ while the remaining live are supplied 

b y b r a n c h e s o f t h e c e r v i c a l p l e x u s , w i t h t h e e x c e p t i o n o f t h a t 

r e g i o n t o w h i c h t h e g r e a t o c c i p i t a l n e r v e i s d i s t r i b u t e d . 

I t c a n e a s i l y b e u n d e r s t o o d , f r o m w h a t h a s a l r e a d y b e e n 

FIG. 58 —The nervous distribution of the head. (After Flower, but slightly modified.) 
1, region supplied by the supra-orbital branch of the fifth nerve; 2, region supplied by 

the supratrochlear branch of the fifth nerve ; 3, region supplied by the infratroch-
lear branch of the fifth nerve ; 4, region supplied by the infra-orbital branch of the 
fifth nerve; 5, region supplied by the buccal branch of the fif th nerve ; 6, region sup
plied by the mental branch of the fifth nerve ; 7, region supplied by the superficial 
cervical from the cervical plexus ; 8, region supplied by the great auricular from the 
cervical plexus; 9, region supplied by the tcniporo-mcdar bianch of the fifth nerve ; 
10, region supplied by the lachrymal branch of the fifth nerve ; 11, region supplied 
by the auriculotemporal branch of the fifth nerve; 12, region supplied by the great 
occipital (a spinal nerve); 13, region supplied by the small occipital from the cervical 
plexus; 14, region supplied by the supra-clavicular from the cervical plexus. 

said as to the manner of employing the nerves as guides to 

diagnosis, that a careful study of the limits of each of these 

regions of the head may often enable the physician to explain 

symptoms which might otherwise seem obscure ; and also 

enable him to use the symptom of local pain, whenever pres

ent, as a signal which Nature often gives of disease in parts 

possibly far removed from the seat of pain, but still inti

mately connected to it by means of its nervous supply. 

EFFECTS OF SECTION OF THE FIFTH NERVE. 

Many points of practical value dependent upon the fifth 

nerve can be better understood when the effects of its divis

ion have been considered in detail. If the fifth nerve be 

divided, sensation is immediately destroyed in all those 
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p o r t i o n s o f t h e h e a d a n d f a c e t o w h i c h t h e e f f e r e n t nerves 

a re d i s t r i b u t e d ; t h e power of mastication i s l o s t ; t h e secre

tions o f t h e l a c h r y m a l , p a r o t i d , a n d s u b m a x i l l a r y g l a n d s are 

r e n d e r e d d e f i c i e n t ; t h e act of deglutition b e c o m e s i m p e r 

f e c t , s i nce s o m e o f t h e m u s c l e s r e q u i r e d f o r i t s p e r f o r m a n c e 

a r e p a r a l y z e d , a n d s ince t h e tongue is unable to perceive the 

b o l u s o f f o o d , a n d t h e r e f o r e c a n n o t p r o p e r l y d i r e c t i t s 

m o v e m e n t s ; a n d , f i n a l l y , hearing i s , t o a c e r t a i n e x t e n t , 

i m p a i r e d , s i nce t h e t e n s o r t y m p a n i m u s c l e 1 ha s l o s t i t s m o t o i 

p o w e r . 

I n a d d i t i o n t o these d i r e c t e f f e c t s o f s e c t i o n , secondary 

results a r e m a n i f e s t e d i n t h o s e f o r m s o f u l c e r a t i o n w h i c h 

h a v e b e e n p r e v i o u s l y r e f e r r e d t o , a n d , e v e n t u a l l y , i n t h e de

struction of sight a n d smell. 

I t m a y b e n o t i c e d t h a t t h e e f f e c t o f s e c t i o n o f t h e f i f t h 

n e r v e u p o n t h e special sense of taste h a s n o t b e e n m e n t i o n e d . 

I t w a s f o r m e r l y s u p p o s e d t h a t t h e g u s t a t o r y f i b e r s o f t h e fifth 

n e r v e a f f o r d e d t h e sense o f t a s t e t o t h e anterior two thirds of 

t h e t o n g u e ; b u t i t i s n o w u r g e d b y m a n y t h a t t h e f i f t h nerve 

i s s i m p l y a n e r v e o f s e n s a t i o n t o t h a t o r g a n , a n d . t h a t i t s f ibers 

a r e e m p l o y e d e x c l u s i v e l y i n t h e a p p r e c i a t i o n o f t h e sensations 

o f t o u c h a n d f e e l i n g , w h i l e t h e t r u e g u s t a t o r y f i b e r s o f t ha t 

p o r t i o n o f t h e t o n g u e a r e d e r i v e d f r o m t h e chorda tympani 

b r a n c h o f t h e f a c i a l n e r v e . I n s u p p o r t o f t h i s v i e w , cases have 

b e e n o b s e r v e d w h e r e t h e c h o r d a t y m p a n i has b e e n a f f e c t e d , 

e i t h e r b y d isease o r i n c o n s e q u e n c e o f i n j u r y w i t h i n the 

m i d d l e ear, a n d t h e sense o f t a s t e h a s b e e n i m p a i r e d ; b u t , or 

t h e o t h e r h a n d , cases h a v e b e e n a l s o r e c o r d e d w h e r e t h e f i f t l 

• ne rve w a s a l o n e d i seased , a n d y e t t a s t e w a s d e s t r o y e d i n the 

a n t e r i o r t w o t h i r d s o f t h e t o n g u e . I t i s s u c h cases as t h ( 

l a t t e r t h a t s t i l l l e a d s o m e p h y s i o l o g i s t s t o b e l i e v e t h a t t h ( 

c h o r d a t y m p a n i n e r v e o n l y c o n t r o l s thefoio of the saliva, anc 

t h a t i m p a i r m e n t o f t h i s s e c r e t i o n i m p a i r s o r d e s t r o y s t h e spe 

c i a l sense o f t a s t e a f f o r d e d b y t h e g u s t a t o r y b r a n c h o f th< 

f i f t h n e r v e . 

1 According to Lucac's recent experiments ("Berlin, klin. Wschr.," 1S74), the tenso 
tympani muscle presides over the accommodation for musical tones. 
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CLINICAL POINTS AFFORDED BY TIIE FIFTH NERVE. 

T h e f i f t h n e r v e m a y b e t h e seat o f n e u r a l g i a , s p a s m , o r 

p a r a l y s i s . T h e t y p e o f n e u r a l g i a ( c a l l e d t i e - d o u l o u r e u x , t h e 

f a c i a l p a i n o f F o t h e r g i l l , a n d ** p r o s o p a l g i a " ) d e p e n d e n t u p o n 

t h e f i f t h n e r v e a f f e c t s o n l y t h e s e n s o r y t r u n k s ; t h e s p a s m s 

m a y b e o f a t o n i c o r c l o n i c t y p e , a n d a re , o f c o u r s e , c o n f i n e d 

t o t h e m u s c l e s s u p p l i e d b y t h e m o t o r b r a n c h e s o f t h e n e r v e ; 

w h i l e t h e p a r a l y t i c c o n d i t i o n c a n a f f e c t t h e s e n s o r y t r u n k s , 

p r o d u c i n g a n e s t h e s i a o f t h e p a r t s t o w h i c h t h e a f f e c t e d n e r v e 

i s d i s t r i b u t e d , o r t h e m o t o r filaments m a y b e i m p a i r e d , t h u s 

d e s t r o y i n g t h e p o w e r o f n o r m a l m o v e m e n t i n t h e m u s c l e s o f 

m a s t i c a t i o n a n d t h e m y l o - h y o i d . So m a n y p o i n t s o f c l i n i c a l 

i n t e r e s t a n d p r a c t i c a l v a l u e p e r t a i n t o t h e s e v a r i o u s c o n d i 

t i o n s t h a t e a c h w i l l b e c o n s i d e r e d s o m e w h a t i n d e t a i l . 

NEURALGIA OF THE TRIGEMINUS NERVE. 

T h e v a r i o u s f o r m s o f t i c - d o u l o u r e u x a r e so c o m m o n l y m e t 

w i t h , a n d p r o v e so o b s t i n a t e t o t r e a t m e n t , as w e l l as d i s t r e s s 

i n g t o t h e p a t i e n t , t h a t a p r a c t i c a l k n o w l e d g e o f t h e d i s ea se 

c a n n o t b e g a i n e d w i t h o u t a c a r e f u l s t u d y o f t h e v a r i o u s 

causes w h i c h h a v e b e e n f o u n d t o p r o d u c e i t . 

A m o n g t h e r e p o r t e d cases o f t h i s a f f e c t i o n , t h e r e h a v e 

b e e n d i s c o v e r e d , as e x c i t i n g causes , t h e f o l l o w i n g c o n d i t i o n s : 

T u m o r s o f t h e m i d d l e f o s s a o f t h e s k u l l o r o f t h e base o f 

t h e b r a i n , p r o d u c i n g n e u r a l g i a so l o n g as i r r i t a t i o n o n l y i s 

p r o d u c e d , b u t a n e s t h e s i a w h e n d e g e n e r a t i o n o f t h e n e r v e 

t r u n k s b e g i n s ; a c c u m u l a t i o n s o f p u s w i t h i n t h e c r a n i a l c a v 

i t y ; t u m o r s o f t h e p o n s V a r o l i i ; m o r b i d p rocesses i n t h e 

r e g i o n s a d j a c e n t t o t h e g a n g l i o n o f G a s s e r ; a n d a n e u r i s m o f 

t h e i n t e r n a l c a r o t i d a r t e r y 1 w i t h i n t h e s e l l a t u r c i c a . D i s e a s e s 

o f t h e c e r v i c a l p o r t i o n o f t h e s p i n a l c o r d , i f h i g h u p , m a y c re 

a t e n e u r a l g i a o f t h e fifth p a i r , b y i r r i t a t i n g t h e fibers o f t h a t 

n e r v e w h i c h a r i s e f r o m t h e l o w e r p a r t o f t h e m e d u l l a . P e r i 

o s t i t i s o f t h e b o n y o r i f i c e s , t h r o u g h w h i c h t h e v a r i o u s b r a n c h e s 

o f t h e fifth n e r v e pass , m a y c r e a t e s u c h p r e s s u r e as t o p r o d u c e 

1 Romberg's case. 
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t h e m o s t severe a n d p e r s i s t e n t n e u r a l g i a s ; f o r t h i s r e a s o n t h e 

s u p r a - o r b i t a l , i n f r a - o r b i t a l , z y g o m a t i c , s u p e r i o r a n d i n f e r i o r 

d e n t a l b r a n c h e s a r e m o r e l i a b l e t o b e t h e seat o f p a i n t h a n 

t h e b r a n c h e s w h i c h pass t h r o u g h s u c h l a r g e o p e n i n g s as t h e 

s p h e n o i d a l a n d s p h e n o - m a x i l l a r y fissures.1 E x o s t o s e s o f t h e 

bones , e s p e c i a l l y o f t h e u p p e r a n d l o w e r j a w s , m a y c rea te t h e 

m o s t severe t y p e o f n e u r a l g i a b y p r e s s u r e u p o n t h e n e i g h b o r 

i n g n e r v e t r u n k s . E x p o s u r e t o c o l d o r d a m p n e s s w i l l p r o 

d u c e i t , b e i n g o n e o f t h e m o s t f r e q u e n t o f t h e t r i v i a l causes. 

F i n a l l y , i n f l a m m a t o r y c h a n g e s i n t h e g a n g l i a 2 a t t a c h e d t o t h e 

n e r v e , t h e e n l a r g e m e n t s a n d n o d o s i t i e s f o u n d u p o n resec ted 

n e r v e s , a n e x o s t o s i s o f a w i s d o m t o o t h , 3 c a r i e s a n d osteo

p h y t e s o f t h e b o n y c a n a l s t h r o u g h w h i c h b r a n c h e s o f t h e 

n e r v e pass , a n d n e u r o m a o f t h e g a n g l i o n o f Gasse r p r o t r u d 

i n g t h r o u g h t h e f o r a m e n o v a l e , 4 h a v e b e e n k n o w n t o p r o d u c e 

t h e m o s t severe n e u r a l g i a . 

T h e s y m p t o m s o f t i c - d o u l o u r e u x a r e o f t h e m o s t d i s t r e s s i n g 

c h a r a c t e r . T h e p a i n i s u s u a l l y e x t r e m e l y v i o l e n t , a n d t h e 

p a t i e n t s w i l l d e s c r i b e i t t o y o u as o f a b u r n i n g , p i e r c i n g , o r 

s h o o t i n g c h a r a c t e r . I t i s l i a b l e t o be , a t first, p a r o x y s m a l ; 

b u t , i f d u e t o o r g a n i c disease, i t m a y g r a d u a l l y b e c o m e m o r e 

o r less c o n s t a n t . T h e c o n t i n u o u s p a i n i s , h o w e v e r , u s u a l l y 

l i m i t e d t o c e r t a i n w e l l - d e f i n e d s p o t s o f e x t r e m e sens i t iveness 

t o p r e s s u r e , w h i c h t h e p a t i e n t c a n r e a d i l y p o i n t o u t t o y o u 

( t h e "puncta dolorosa " o f V a l l e i x ) . T h u s , t h e first b r a n c h o f 

t h e t r i g e m i n u s ( t h e o p h t h a l m i c ) p r e s e n t s s i x s u c h p o i n t s , each 

i n d i c a t i n g s o m e o n e o f i t s s u b d i v i s i o n s . T h e s e a r e s i t u a t e d , 

r e s p e c t i v e l y , o v e r t h e s u p r a - o r b i t a l f o r a m e n ; i n t h e c e n t e r o f 

t h e u p p e r e y e l i d ; a f r o n t a l p o i n t o v e r t h e escape o f t h e n e r v e 

o f t h e s ame n a m e ; o n e a t t h e o u t e r a n g l e o f t h e e y e , f o r t h e 

l a c h r y m a l b r a n c h ; a n d t w o a t t h e i n n e r a n g l e o f t h e eye , 

u p o n t h e nose , r e p r e s e n t i n g t h e i n f e r i o r t r o c h l e a r a n d t h e 

e t h m o i d a l n e r v e s . 

I n t h e r e g i o n s u p p l i e d b y t h e s u p e r i o r m a x i l l a r y n e r v e 

a n d i t s b r a n c h e s , t h e r e m a y e x i s t a m a l a r p o i n t , a n i n f r a -

1 Ilyrtl, as quoted by Rosenthal. 5 Cases of Carnochan and Wedl. 
3 Thompson, as quoted by Rosenthal. 4 Chouppe's case. 
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o r b i t a l p o i n t , a p o i n t i n t h e p a l a t e , a n d o n e o n t h e g u m o f t h e 

u p p e r j a w . 

I n t h e r e g i o n o f t h e i n f e r i o r m a x i l l a r y n e r v e , t h e p o i n t s o f 

t e n d e r n e s s a r e s i t u a t e d i n f r o n t o f t h e t r a g u s o f t h e ea r ( t h e 

t e m p o r a l p o i n t ) ; o n e i n t h e p a r i e t a l r e g i o n , w h e r e t h e f r o n t a l , 

o c c i p i t a l , a n d t e m p o r a l n e r v e s m e e t ; o n e o v e r t h e t e m p o r o -

m a x i l l a r y j o i n t ; a p o i n t u p o n t h e t o n g u e f o r t h e l i n g u a l 

b r a n c h ; a n d o n e u p o n t h e i n t e g u m e n t o f t h e c h i n , f o r t h e 

m e n t a l n e r v e . 

P a i n f u l p o i n t s a r e o f t e n d e t e c t e d b y p r e s s u r e i n t h e r e g i o n 

o f t h e s p i n o u s a n d t r a n s v e r s e p roce s se s o f t h e c e r v i c a l v e r t e 

bras ( t h e " p o i n t a p o p h y s a i r e " o f T r o u s s e a u ) . 

T h e s e puncta dolorosa are u s u a l l y t h e s t a r t i n g p o i n t s f o r 

t h e p a i n o f t h e a c u t e p a r o x y s m s , f r o m w h i c h t h e p a i n r a d i a t e s 

a l o n g t h e c o u r s e o f t h e n e r v e s o f t h e r e g i o n a f f e c t e d . I n s o m e 

cases, t h e s e p o i n t s o f t e n d e r n e s s m a y , h o w e v e r , b e a b s e n t , w h e n 

a c e n t r a l o r i g i n o f t h e d i sease m a y r e a s o n a b l y b e s u s p e c t e d . 

T h e r e l a t i o n o f t h e i i l a m e n t s o f t h e fifth n e r v e w i t h c e r t a i n 

vaso-motor fibers causes t h i s t y p e o f d i sease t o b e o f t e n asso

c i a t e d w i t h c e r t a i n d i s o r d e r s o f s e c r e t i o n , s i n c e t h e vesse ls o f 

t h e g l a n d s o f t h e a f f e c t e d r e g i o n a r e l i a b l e t o d i l a t e a f t e r a n 

a c u t e p a r o x y s m c f p a i n . W e c a n t h u s e x p l a i n t h e a b u n d a n t 

flow o f t e a r o a f t e r a n a t t a c k o f n e u r a l g i a o f t h e o p h t h a l m i c 

b r a n c h ; a n d o f n a s a l m u c u s a n d s a l i v a , w h e n t h e s e c o n d a n d 

t h i r d b r a n c h e s o f t h e t r i g e m i n u s a r e i n v o l v e d . P r o f u s e s w e a t 

i n g o f t h e r e g i o n o f t h e f a c e a f f e c t e d i s a l s o s o m e t i m e s w e l l 

m a r k e d b o t h d u r i n g a n d a f t e r t h e p a r o x y s m . 

T h e v a s o - m o t o r c o m m u n i c a t i o n m a y a l s o e x p l a i n w h y w e 

h a v e r e p o r t e d cases o f l o c a l s w e l l i n g , r e d n e s s , e l e v a t i o n o f t h e 

t e m p e r a t u r e , a n d , s o m e t i m e s , e r y s i p e l a t o u s i n f l a m m a t i o n o f 

t h e a f f e c t e d r e g i o n ; a n d w h y t h e h a i r h a s b e e n o b s e r v e d t o 

f a l l o u t , a n d t h e s k i n t o b e c o m e d i s c o l o r e d a n d r o u g h e n e d . 

H y p e r t r o p h y o f t h e c h e e k h a s b e e n n o t i c e d , as a r e s u l t o f t i c -

d o u l o u r e u x , b v X i e m e v e r , B r o d i e , R o m b e r g , a n d X o t t a ; a n d 

o p h t h a l m i a h a s b e e n p r o d u c e d b y a s i m i l a r c o n d i t i o n c o n f i n e d 

t o t h e first b r a n c h o f t h e fifth n e r v e . W h e n t h e n e r v e t r u n k s , 

w h i c h a t first w e r e t h e seat o f n e u r a l g i a , b e c o m e d e s t r o y e d o r 
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s e r i o u s l y i m p a i r e d b y p r e s s u r e o r g r a n u l a r d e g e n e r a t i o n , t h e 

f a c e m a y u n d e r g o a t r o p h y . 

N e u r a l g i a s o f t h e f i f t h n e r v e , w h e n d u e t o cerebral tumors, 

a r e o f t e n c o m p l i c a t e d b y o t h e r s y m p t o m s w h i c h g r e a t l y assist 

i n t h e d i a g n o s i s ; a m o n g t h e m o r e p r o m i n e n t o f w h i c h m a y be 

m e n t i o n e d d i p l o p i a , v e r t i g o , c h r o n i c c e p h a l a l g i a , spasms o f 

c e r t a i n g r o u p s o f m u s c l e s , p a r a l y s i s o f v a r i o u s t y p e s , a n d t h e 

absence o f t h e p u n c t a d o l o r o s a , w h o s e s i t u a t i o n s h a v e a l r e a d y 

b e e n m e n t i o n e d . 

T i c - d o u l o u r e u x i s n o t t o b e c o n f o u n d e d w i t h p a i n d e p e n d 

e n t u p o n t h e d e c a y o f t e e t h , i n f l a m m a t i o n o f t h e t e m p o r o -

m a x i l l a r y a r t i c u l a t i o n , t u m o r s o f t h e a n t r u m , o r e x t e n s i o n o f 

i n f l a m m a t i o n t o t h a t c a v i t y f r o m a n a c u t e a t t a c k o f co ryza , 

m i g r a i n e , o r t h e f a c i a l p a i n s o f l e a d p o i s o n i n g , h y s t e r i a , o r 

s p i n a l a f f e c t i o n s . I t i s m o r e c o m m o n i n w o m e n t h a n i n m e n ; 

a n d m o s t f r e q u e n t b e t w e e n t h e ages o f t h i r t y a n d f i f t y . I t i s 

m o r e l i a b l e t o o c c u r i n c o l d m o n t h s t h a n w h e n t h e w e a t h e r i s 

w a r m ( p r o v i d e d i t b e n o t d u e t o a c t u a l d i s e a s e ) ; a n d i t m a y 

f o l l o w t r a u m a t i s m , s e n i l e c h a n g e s i n t h e b lood -ves se l s , a n d 

m a l a r i a l p o i s o n i n g . 

SPASM DUE TO THE TRIGEMINUS NERVE. 

T h e j a w m a y b e r e n d e r e d i m m o v a b l e , as i n t e t a n u s , b y t h e 

masse te r , t e m p o r a l , a n d p t e r y g o i d m u s c l e s , a l l o f w h i c h are 

s u p p l i e d w r i t h m o t o r p o w e r b y t h e fifth n e r v e . T h e same f o r m 

o f s p a s m m a y b e o c c a s i o n a l l y o b s e r v e d i n a t t a c k s o f h y s t e r i a . 

C l o n i c s p a s m o f t h e t e m p o r a l a n d m a s s e t e r m u s c l e s , a l t e r 

n a t i n g w i t h t h a t o f t h e d e p r e s s o r s o f t h e j a w ( t h e m y l o - h y o i d 

a n d t h e a n t e r i o r b e l l y o f t h e d i g a s t r i c ) , p r o d u c e s t h e chatter

ing of the teeth so o f t e n seen i n t h e c h i l l o f i n f l a m m a t o r y d i s 

eases a n d f e v e r s a n d a f t e r e x p o s u r e t o c o l d . 

T h e p t e r y g o i d m u s c l e s , b y a t o n i c c o n t r a c t i o n , m a y p r o 

d u c e t h e grinding o f t h e t e e t h ; a d i s p l a c e m e n t o f t h e j a w 

t o o n e s ide , d u r i n g a n h y s t e r i c a l p a r o x y s m , w h i c h l a s t e d some 

d a y s , i s r e p o r t e d b y L e u b e . 4 

4 As quoted by Rosenthal: " A Clinical Treatise of the Diseases of the Nervous Sys
tem" (Putzel's translation, New York, 1879). 
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S p a s m s o f t h e m u s c l e s s u p p l i e d b y t h e t r i g e m i n u s m a y b e 

t h e r e s u l t o f a p o p l e x y , c e r e b r a l s o f t e n i n g , m e n i n g e a l e x u d a 

t i o n , l e s i o n s o f t h e p o n s V a r o l i i a n d m e d u l l a o b l o n g a t a , h y s 

t e r i a , e p i l e p s y , t e t a n u s h y s t e r i a , h y d r o p h o b i a , t u m o r s i r r i t a t 

i n g t h e g a n g l i o n o f Gasse r , p e r i p h e r a l i r r i t a t i o n , r e f l e x causes 

(as d e n t a l p a i n , u l c e r a t i o n o f t h e t o n g u e o r m o u t h , i n t e s t i n a l 

o r u t e r i n e i r r i t a t i o n , t e e t h i n g , e t c . ) , a n d r h e u m a t i s m . 

I n r a r e cases, t h e depressors of the jaw m a y b e t h e seat o f 

l o c a l i z e d s p a s m , i n w h i c h e v e n t t h e m o u t h m a y b e k e p t w i d e 

o p e n f o r a l o n g e r o r s h o r t e r p e r i o d . 

PARALYSIS OF TUE TRIGEMINUS NERVE. 

I t i s a r a r e o c c u r r e n c e t o o b s e r v e a s i m u l t a n e o u s p a r a l y s i s 

o f t h e m o t o r a n d s e n s o r y r o o t s o f t h e t r i g e m i n u s ; a l t h o u g h 

anaes the s i a o f p a r t s s u p p l i e d b y t h e b r a n c h e s d e r i v e d f r o m 

t h e s e n s o r y r o o t m a y o c c u r f r o m c e n t r a l causes , a n d i s p e r 

h a p s m o r e f r e q u e n t t h a n t h o s e s y m p t o m s d e p e n d e n t u p o n 

l e s i o n s i n v o l v i n g t h e m o t o r r o o t . I n l e s i o n s c o n f i n e d t o t h e 

c e r e b r a l g a n g l i a o r c o r t e x , h o w e v e r , t h e m o t o r r o o t i s m o r e 

o f t e n i m p a i r e d t h a n t h e s e n s o r y p o r t i o n , w h i l e t h e s e n s o r y 

r o o t , o r s o m e o f i t s b r a n c h e s , i s f r e q u e n t l y a f f e c t e d f r o m 

causes o u t s i d e o f t h e c r a n i a l c a v i t y . 

I n s t u d y i n g t h e c o n d i t i o n o f t r i g e m i n a l a n e s t h e s i a , i t m u s t 

b e p r e f a c e d t h a t t h e r e g i o n s a f f e c t e d , a n d t h e r e f o r e t h e r e s u l t s 

o f t h e i m p a i r e d n e r v o u s f u n c t i o n , d i f f e r w i t h t h e e x c i t i n g 

cause , s i n c e a c e n t r a l l e s i o n i s l i a b l e t o i n v o l v e a l l o f t h e sen

s o r y b r a n c h e s o f t h e n e r v e ; w h i l e a n e x t e r n a l cause u s u a l l y 

a f f e c t s s o m e i n d i v i d u a l b r a n c h . 

T h e central lesions o f t h i s d i sease c o m p r i s e a p o p l e c t i c 

c l o t s ; d e s t r u c t i v e l e s i o n s p r o d u c i n g a t a x i a ; h y s t e r i a ; l o c a l 

d i seases o r e x u d a t i o n s w h i c h i n v o l v e t h e l a r g e r o o t o f t h e f i f t h 

n e r v e b e t w e e n t h e p o n s V a r o l i i a n d t h e g a n g l i o n o f G a s s e r ; 

a n d l e s i o n s o f t h e m e d u l l a o b l o n g a t a , t h u s a f f e c t i n g i t s f i b e r s 

o f o r i g i n . 
T h e external causes i n c l u d e a l l f o r m s o f t r a u m a t i s m ; 

e x p o s u r e t o c o l d o r h e a t ; s u r g i c a l p r o c e d u r e s ; c a r i e s o r p e r i 

o s t i t i s o f t h e b o n y c a n a l s ; s u p p u r a t i o n o f t h e s o f t t i s s u e s a d -
13 
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j o i n i n g t h e a f f e c t e d n e r v e ; l o c a l t u m o r s a n d i n f l a m m a t o r y -

e x u d a t i o n s ; a n d c e r t a i n b l o o d c o n d i t i o n s a c c o m p a n i e d b y 

n e r v e s c l e ros i s ( c h i e f l y N o r w e g i a n l e p r o s y ) . 1 

T h e c o n d i t i o n o f f a c i a l anaes thes ia m a y b e c o m p l e t e , w h e n 

s e n s i b i l i t y t o c o n t a c t , p a i n , h e a t , o r c o l d i s a b o l i s h e d ; o r p a r 

t i a l , w h e n e x t r e m e i m p r e s s i o n s c a n b e p e r c e i v e d , a n d o f t e n 

d i f f e r e n t i a t e d as t o t h e p e c u l i a r c h a r a c t e r o f e ach . T h e n e e d l e 

p o i n t s , t h e c o m p a s s , a n d t h e e l e c t r i c b r u s h a re a l l e m p l o y e d 

i n t h e e x a m i n a t i o n o f s u c h a p a t i e n t , i n o r d e r t o d e c i d e 

as t o t h e e x t e n t , c h a r a c t e r , a n d d e g r e e o f t h e e x i s t i n g pa 

r a l y s i s . 

I f t h e oplitJialmic nerve be t h e seat o f a n e s t h e s i a , w e m a y 

o b s e r v e a c o n t r a c t e d s t a t e o f t h e p u p i l , 2 i n s e n s i b i l i t y o f t h e 

m u c o u s l i n i n g a n d i n t e g u m e n t o f t h e u p p e r e y e l i d , i n sens i 

b i l i t y o f t h e s k i n o f t h e f o r e h e a d a n d t h e e x t e r n a l a n d i n 

f e r i o r p a r t s o f t h e nose, a n d a t o t a l absence o f t h e sense o f 

c o n t a c t i n t h e a n t e r i o r p o r t i o n s o f t h e m u c o u s m e m b r a n e o f 

t h e n o s t r i l . 

I f t h e superior maxillary nerve a l o n e b e a f f e c t e d , t h e s k i n 

a n d m u c o u s l i n i n g o f t h e l o w e r e y e l i d , t h e i n t e g u m e n t o f t h e 

c h e e k , l o w e r h a l f o f t h e nose , a n d t h e c o r r e s p o n d i n g h a l f o f 

t h e u p p e r l i p , s h o w a n e n t i r e o r p a r t i a l a b o l i t i o n o f s e n s i b i l i t y ; 

w h i l e t h e m u c o u s m e m b r a n e s o f t h e m i d d l e a n d p o s t e r i o r p o r 

t i o n s o f t h e n a s a l c a v i t y , o f t h e r o o f o f t h e p a l a t e , a n d t h e en

t i r e s o f t p a l a t e a n d u v u l a , a r e s i m i l a r l y a f f e c t e d . T h e t e e t h 

a n d g u m s o f t h e u p p e r j a w w i l l a l so b e i n t h e a n e s t h e t i c con

d i t i o n . 

I f t h e inferior maxillary nerve be t h e seat o f disease, w i t h 

o u t i m p a i r m e n t o f t h e m o t o r r o o t o f t h e n e r v e , t h e i n t e g u m e n t 

o f t h e o u t e r s u r f a c e o f t h e ear , a b o v e t h e a u d i t o r y c a n a l , 3 o f 

t h e t e m p o r a l r e g i o n , o f t h e c o r r e s p o n d i n g h a l f o f t h e l o w e r 

l i p , a n d i n f r o n t o f t h e t e m p o r o - m a x i l l a r y a r t i c u l a t i o n , w i l l be 

d e s t i t u t e o f s e n s i b i l i t y . T h e m u c o u s m e m b r a n e o f t h e co r r e 

s p o n d i n g s ide o f t h e l o w e r l i p , t o n g u e , c h e e k , t o n s i l , a n d g u m 

o f t h e l o w e r j a w w i l l b e a l so a n e s t h e t i c , w h i l e t h e t e e t h o f t h e 
1 See investigations of Daniellscn and Boeck, as quoted by Rosenthal. 
2 For effects of nerve influences on the pupil, sec page 133 of this volume. 
3 For researches of Hilton on this point, sec page 158 of this volume. 
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c o r r e s p o n d i n g s i d e o f t h e l o w e r j a w w i l l l i k e w i s e be d e p r i v e d 
o f s e n s i b i l i t y 

I f y o u w i l l r e c a l l t h e p o i n t s w h i c h w e r e m a d e i n r e f e r e n c e 

t o t h e e f f e c t s o f s e c t i o n o f t h e t r i g e m i n u s , y o u w i l l b e b e t t e r 

a b l e t o u n d e r s t a n d w h y p a r a l y s i s o f a n y p o r t i o n o f t h i s n e r v e 

s h o u l d b e f o l l o w e d b y s y m p t o m s o f l a t e d e v e l o p m e n t , d u e . 

a p p a r e n t l y t o s o m e a l t e r a t i o n i n t h e n u t r i t i o n a n d r e a c t i v e 

p o w e r o f t h e r e g i o n s s u p p l i e d b y t h e n e r v e w h i c h i s d i s e a s e d , 

Y o u w i l l r e m e m b e r t h a t t h e e x i s t e n c e o f c e r t a i n u n n a m e d 

f i b e r s , c a l l e d " t r o p h i c fibers,'' w a s m e n t i o n e d , w h o s e c lose 

c o n n e c t i o n w i t h t h e s y m p a t h e t i c n e r v e i s h i g h l y p r o b a b l e , 

a n d w h o s e f u n c t i o n seems t o b e t o c o n t r o l a n d r e g u l a t e t h e 

b l o o d s u p p l y o f t h e r e g i o n s t o w h i c h t h e y pass . N o w , i t i s 

c l i n i c a l l y o b s e r v e d t h a t t h e p a r a l y s i s o f a n y o f t h e t h r e e 

l a r g e b r a n c h e s o f t h e t r i g e m i n u s i s f o l l o w e d b y c e r t a i n u l c e r 

a t i v e a n d s u p p u r a t i v e p roce s se s i n t h e r e g i o n s r e n d e r e d a n e s 

t h e t i c , a n d t h a t t h e s e e f f e c t s a r e t h e m o s t p r o m i n e n t a n d 

s e r i o u s w h e n t h e o p h t h a l m i c n e r v e i s a f f e c t e d . 

L a n d m a n n a n d B e l l w e r e t h e first o b s e r v e r s t o p o i n t o u t 

t h a t , i n t h e h u m a n s u b j e c t , p u r u l e n t d e s t r u c t i o n o f t h e e y e 

w a s l i a b l e t o f o l l o w p r e s s u r e u p o n t h e t r i g e m i n u s f r o m t u m o r s 

i n t h e r e g i o n o f t h e g a n g l i o n o f G a s s e r ; w h i l e M a g e n d i e 

(1824) , B o c k (1844) , S n e l l e n (1858) , S p e n c e r W a t s o n (1874) , 

S a m u e l (1860 ) , a n d M e i s s n e r h a v e d o n e m u c h t o b r i n g t h e 

r e s u l t s o f d e f e c t i v e n u t r i t i o n , f o l l o w i n g i m p a i r m e n t o f n e r v e 

s u p p l y , = t o p r o f e s s i o n a l n o t i c e . I t m i g h t a d d m u c h t o t h e 

i n t e r e s t o f t h i s v o l u m e t o e n t e r i n t o t h e d e t a i l s o f t h e i n t e r 

e s t i n g e x p e r i m e n t s a n d c l i n i c a l o b s e r v a t i o n , w h i c h have ' n o w 

b e c o m e q u i t e e x t e n s i v e r e g a r d i n g t h i s s u b j e c t , b u t i t w i l l e x 

c e e d t h e s c o p e o f t h i s c o u r s e t o m o r e t h a n h a s t i l y s k e t c h t h e 

r e s u l t s o b t a i n e d . T h e o p i n i o n o f S n e l l e n , t h a t t h e u l c e r a t i o n 

o f t h e c o r n e a a n d t h e s u p p u r a t i v e c o n j u n c t i v i t i s w h i c h f o l 

l o w s a n e s t h e s i a o f t h e o p h t h a l m i c n e r v e w e r e t h e m e c h a n i c a l 

e f f e c t s o f t h e i r r i t a t i o n o f d i r t w h i c h t h e c o n j u n c t i v a w a s n o 

l o n g e r c a p a b l e o f p e r c e i v i n g , seems t o h a v e b e e n c o n f i r m e d b y 

W a t s o n 1 a n d B a e r w i n k e V w h o f o u n d t h a t a n a r t i f i c i a l c l eans -
1 "Med. TLries," IS74. " "Arch. f. kiln. Med.,' 1S74. 
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i n g a n d c l o s u r e o f t h e e y e l i d s c a u s e d r e c o v e r y , w i t h o u t a n y 

e f f e c t u p o n t h e n e r v e c o n d i t i o n . I t w a s a p p a r e n t l y a l so p r o v e n 

b y B o c k a n d S a m u e l t h a t t h e c o n d i t i o n o f a n e s t h e s i a w a s n o t 

n e c e s s a r y t o t h e d e v e l o p m e n t o f these l a t e r processes , r e s u l t i n g 

i n d e s t r u c t i o n o f t i s s u e , s i nce t h e s ame r e s u l t s w e r e o b s e r v e d 

w h e n h y p e r e s t h e s i a e x i s t e d . I n r e f e r e n c e t o t h e c o u r s e o f 

t h e ' ' t r o p h i c f i b e r s " o f t h e o p h t h a l m i c n e r v e , t h e researches 

o f M e i s s n e r a n d S c h i f f 1 s e e m t o l o c a t e t h e i r s i t u a t i o n i n t h e 

c e n t r a l p o r t i o n o f t h e n e r v e , s ince t h e o t h e r p a r t s seem t o 

p r e s i d e o v e r s e n s a t i o n o n l y . F i n a l l y , t h e i n t e r e s t i n g e x p e r i 

m e n t s o f S i n i t z i n , 2 m a d e i n 1871 , s h o w s o m e r e m a r k a b l e 

e f f e c t s o f t h e r e m o v a l o f t h e s u p e r i o r c e r v i c a l g a n g l i o n o f t h e 

s y m p a t h e t i c n e r v e u p o n t r i g e m i n a l o p h t h a l m i a ; s ince i t w a s 

o f t e n c u r e d w h e n once s t a r t e d , a n d p r e v e n t e d i n e v e r y case 

w h e r e i t w a s d o n e b e f o r e t h e t r i g e m i n u s w a s d i v i d e d . 

W e k n o w , i r r e s p e c t i v e o f t h e t h e o r i e s o f i t s c a u s a t i o n , 

t h a t t h e d e s t r u c t i o n o f t h e s e n s o r y r o o t o f t h e f i f t h n e r v e i s 

l i a b l e t o b e f o l l o w e d b y d e s t r u c t i o n o f s i g h t , i n t e r f e r e n c e 

w i t h t h e sense o f s m e l l , u l c e r a t i o n o f t h e nose a n d g u m s , a 

t e n d e n c y t o i n f l a m m a t i o n a n d abscess o f t h e s o f t t i s sues , a n d , 

p o s s i b l y , t o g a n g r e n e . 

I t i s o f p r a c t i c a l i m p o r t a n c e , h o w e v e r , t o d i s c r i m i n a t e 

b e t w e e n t h a t f o r m o f t r i g e m i n a l a n e s t h e s i a d e p e n d e n t u p o n 

central lesions a n d t h a t d u e t o extern al pressure or disease. 

W e m a y r e m e m b e r t h a t t h e central f o r m i s u s u a l l y c o n 

f i n e d t o t h e i n f e r i o r m a x i l l a r y p o r t i o n o f t h e n e r v e ) t h a t a 

p r e v i o u s h i s t o r y o f c e r e b r a l d isease w i l l o f t e n be f o u n d ; t h a t 

p a r e s i s o r p a r a l y s i s o f t h e m u s c l e s o f t h e f a c e , t o n g u e , j a w s , 

o r l i m b s w i l l p o s s i b l y c o e x i s t ; a n d t h a t , i f t h e l e s i o n be a 

t u m o r a t t h e base o f t h e c e r e b r u m , c e p h a l a l g i a , n e u r a l g i a s o f 

s p e c i a l b r a n c h e s o f t h e t r i g e m i n u s , a n d a s i m u l t a n e o u s a f f ec 

t i o n o f s o m e o f t h e a d j a c e n t n e r v e s o f t h e c r a n i u m m a y be 

d i s c o v e r e d . 

I f t h e cause i s outside of the cranium ( p r o v i d e d i t b e n o t 

d u e t o s y p h i l i s , r h e u m a t i c d i a t h e s i s o r t r a u m a t i s m ) , w e m a y 

e x p e c t t o f i n d e v i d e n c e s o f t h e p r e v i o u s e x i s t e n c e o f abscess, 
1 " Centralbl.," 1867. 2 "Med. Centralbl.," 1871. 
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p e r i o s t i t i s o f s o m e o f t h e osseous c a n a l s t h r o u g h w h i c h t h e 

v a r i o u s b r a n c h e s o f t h e t r i g e m i n u s pass , o r o f l o c a l t u m o r s 

w h i c h a r e c r e a t i n g p r e s s u r e u p o n s o m e n e r v e t r u n k o r i t s 

t e r m i n a l f i l a m e n t s . 

T h e motor root of the f i f t h nerve may be impaired f r o m 

t h e p r e s s u r e e x e r t e d b y m e n i n g e a l e x u d a t i o n , e x t r a v a s a t i o n s 

o f b l o o d , o r t u m o r s w i t h i n t h e c r a n i u m ; w h i l e i t i s f r e q u e n t l y 

i n v o l v e d ( a f t e r t h e s e n s o r y p o r t i o n o f t h e t r i g e m i n u s ) d u r i n g 

t h e d e v e l o p m e n t o f s o m e t y p e o f b a s i l a r a f f e c t i o n . T h e r e 

s u l t s a r e m a n i f e s t e d b y a p a r a l y s i s o f t h e m u s c l e s o f m a s t i c a 

t i o n u p o n t h e s i d e w h e r e t h e n e r v e i s d i s e a s e d , e x c e p t t h e 

b u c c i n a t o r m u s c l e , w h i c h d e r i v e s i t s m o t o r p o w e r f r o m t h e 

f a c i a l n e r v e . T h e h e a l t h y m u s c l e s o f t h e o p p o s i t e s i d e t e n d 

t o c r o w d t h e l o w e r j a w t o w a r d t h e a f f e c t e d s i d e o f t h e f a c e 

d u r i n g m a s t i c a t i o n , g i v i n g a p e c u l i a r e x p r e s s i o n d u r i n g t h e 

a c t o f e a t i n g . 

DIAGNOSTIC VALUE OF TIIE FIFTH XERVE. 

T o w h a t e x t e n t t h e d i s t r i b u t i o n o f t h e f i f t h n e r v e i s o f 

p r a c t i c a l v a l u e i n d i a g n o s i s m a y b e e s t i m a t e d b y t h e p e r u s a l 

o f t h e l e c t u r e s 1 o f S i r J o h n H i l t o n u p o n t h e s i g n i f i c a n c e o f 

p a i n a n d t h e u s e o f r e s t as i t s c u r e . Cases h a v e b e e n r e p o r t e d 

b y P a g e t , i n h i s l e c t u r e s o n s u r g i c a l p a t h o l o g y , a n d a l s o b y 

A n s t i e , 2 Avhere t h e h a i r o f t h e e n t i r e s c a l p h a s t u r n e d w h i t e 

a f t e r a s eve re a t t a c k o f n e u r a l g i c h e a d a c h e ; a n d a n o t h e r i s 

r e p o r t e d b y A n s t i e , w h e r e t h e hair of the eyebrow a l o n e be 

c a m e p e r f e c t l y b l a n c h e d f r o m p a i n i n t h a t r e g i o n d e p e n d e n t 

u p o n t h e s u p r a - o r b i t a l n e r v e . H i l t o n r e p o r t s a case w h e r e t h e 

hair of the temple, f r o m t h e i r r i t a t i o n e x c i t e d i n t h e d e n t a l 

b r a n c h e s o f t h e f i f t h n e r v e t h r o u g h a d e c a y e d m o l a r t o o t h , 

b e c a m e s u d d e n l y g r a y ( t h e t e m p l e b e i n g t h e r e g i o n s u p p l i e d 

b y t h e a u r i c u l o - t e m p o r a l b r a n c h o f t h e s a m e n e r v e ) ; a n d a n 

o t h e r w h e r e a n o b s t i n a t e f o r m o f u l c e r i n t h e a u d i t o r y c a n a l , 

w h i c h w a s v e r y p a i n f u l , a n d h a d w i t h s t o o d a l l m e t h o d s o f 

t r e a t m e n t , w a s c u r e d b y t h e e x t r a c t i o n o f a d e c a y e d t o o t h i n 

t h e u p p e r j a w ; a g a i n i l l u s t r a t i n g t h e f a c t t h a t i r r i t a t i o n o f 
1 "Rest and rain," London (Sew York, 1879). - "Lancet," 1800. 
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o n e b r a n c h ( t h e d e n t a l ) c a n c rea t e d isease a t t h e seat o f d i s t r i 

b u t i o n o f a n o t h e r b r a n c h o f t h e s ame n e r v e ( t h e a u r i c u l o 

t e m p o r a l ) . 

T h e temporo-maxillary articulation h a s o f t e n b e e n k n o w n 

t o a s s u m e a c o n d i t i o n o f i m m o b i l i t y d u r i n g a n a t t a c k o f ear

ache , a n d t o b e i m m e d i a t e l y r e l i e v e d b y t h e a p p l i c a t i o n o f a n 

a n o d y n e t o t h e t e r m i n a l filaments o f t h e fifth n e r v e i n t h e 

c a n a l ; t h u s i l l u s t r a t i n g t h e e f f e c t o f i r r i t a t i o n o f o n e b r a n c h 

( t h e a u r i c u l o - t e m p o r a l ) u p o n t h e o t h e r s w h i c h s u p p l y t h e 

m u s c l e s o f m a s t i c a t i o n , c a u s i n g t h e m t o c o n t r a c t a n d t h u s fix 

t h e j o i n t . 

A g a i n , a furred condition o f t h e lateral half of the tongue 

m a y a l m o s t b e c o n s i d e r e d a p a t h o g n o m o n i c s i g n o f some 

s o u r c e o f i r r i t a t i o n t o t h e fifth n e r v e , w h i c h t h u s m a n i f e s t s 

i t s e l f i n t h e p e r i p h e r a l d i s t r i b u t i o n o f o n e o f i t s b r a n c h e s ( t h e 

g u s t a t o r y n e r v e ) . 1 

C h r o n i c ulceration of the cornea h a s a l so b e e n r e p o r t e d b y 

A n s t i e as a s y m p t o m p r o d u c e d b y s o m e s o u r c e o f i r r i t a t i o n of. 

t h e fifth n e r v e , f a r r e m o v e d f r o m t h e seat o f d isease . 

T h e i n t i m a t e c o m m u n i c a t i o n o f t h e i n t e r n a l p o r t i o n s o f t h e 

m o u t h w i t h t h e e y e , ear, a n d nose o f t e n a c c o u n t s f o r m a n y 

c u r i o u s s y m p t o m s , w h i c h i t w o u l d b e d i f f i c u l t t o a c c o u n t f o r , 

d i d w e n o t k n o w t h a t p a i n m a y b e f e l t at any branch o f a 

n e r v e , w h e n o n e o f i t s t r u n k s i s i r r i t a t e d . I h a v e , a t t h e 

p r e s e n t t i m e , a p a t i e n t u n d e r m y care , w h o i s s u f f e r i n g f r o m 

a n o b s t i n a t e u l c e r a t i o n o f t h e t o n g u e , a n d w h o h a d , p r e v i o u s 

t o h i s c o n s u l t i n g m e , b e e n t r e a t e d f o r a n i n f l a m m a t o r y c o n d i 

t i o n o f t h e ear, o n a c c o u n t o f a c o n s t a n t a n d severe p a i n , 

w h i c h w a s c o n s i d e r e d as s e p a r a t e a n d d i s t i n c t f r o m t h e t r o u 

b l e w h i c h was , a t t h e s a m e t i m e , a f f e c t i n g h i s t o n g u e . A s i m 

p l e g a r g l e o f o p i u m , w h i c h I o r d e r e d h i m t o h o l d f o r fifteen 

m i n u t e s i n h i s m o u t h a t i n t e r v a l s , r e l i e v e d t h e s y m p t o m i n a 

v e r y s h o r t t i m e . 

A case i s r e p o r t e d b y H i l t o n w h e r e a n enlarged cervical 

gland a p p e a r e d w i t h a s i m u l t a n e o u s discharge f r o m t h e au

ditory canal, a n d w h e r e t h e e x p l a n a t i o n , b y w h i c h a d e c a y e d 
1 Bransby Cooper ; John Hilton. 
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t o o t h w a s d i a g n o s e d as t h e c a u s e o f t h e c o n d i t i o n , w a s as 

f o l l o w s : T h e i r r i t a t e d d e n t a l b r a n c h e s o f t h e f i f t h n e r v e 

c a u s e d a n i n f l a m m a t i o n o f t h e a u d i t o r y c a n a l , w h i c h i s s u p 

p l i e d b y a n o t h e r b r a n c h ( t h e a u r i c u l a r o f t h e a u r i c u l o - t e m 

p o r a l ) ; t h i s i n f l a m m a t i o n w a s f o l l o w e d b y s u p p u r a t i o n 

a n d e x c o r i a t i o n o f t h a t c a n a l , a n d , s u b s e q u e n t l y , b y a b 

s o r p t i o n o f t h e d i s c h a r g e s b y t h e l y m p h a t i c vessels , t h u s 

p r o d u c i n g t h e e n l a r g e d g l a n d o f t h e n e c k . T h i s e x p l a 

n a t i o n m a y s e e m a r o u n d a b o u t w a y o f r e a c h i n g a d i a g n o s i s , 

b u t t h e r e s u l t o f d r a w i n g t h e t o o t h p r o v e d , i n t h i s case, 

h o w w e l l a n a t o m y m a y g u i d e us , i f w e o n l y f o l l o w i t s t e a c h 

i n g s . 

E a r a c h e m a y n o t a l w a y s b e d u e t o t h e fifth n e r v e , e v e n 

w h e n i t i s c o n f i n e d t o t h e e x t e r n a l p o r t i o n o f t h e o r g a n , 

s i n c e t h e s e c o n d c e r v i c a l n e r v e s u p p l i e s t h e lower a n d back 

part o f t h e e x t e r n a l ear , so t h a t p a i n i n t h a t r e g i o n s h o u l d 

l e a d u s a l s o t o l o o k f o r s o m e cause o f i r r i t a t i o n t o t h a t n e r v e . 

T h e d i s t r i b u t i o n o f n e r v e s t o t h e s c a l p , as s h o w n i n t h e 

figure o n p a g e 159, r e n d e r s t h e s y m p t o m o f p a i n , i n a n y p o r 

t l o n o f t h e s c a l p , o n e w h i c h m a y g u i d e u s i n l o o k i n g f o r i t s 

cause ; s i n c e , i f i t i s c o n f i n e d t o t h e anterior a n d lateral 

aspects o f t h e h e a d , t h e fifth n e r v e i s p r o b a b l y a f f e c t e d b y 

s o m e s o u r c e o f i r r i t a t i o n ( a n d a r e f e r e n c e t o t h e c u t w i l l t e l l 

v o u w h i c h b r a n c h o f t h e n e r v e i s d i s t r i b u t e d t o t h e seat o f 

p a i n ) , w h i l e , i f c o n f i n e d t o t h e posterior portion o f t h e s c a l p , 

t h e o c c i p i t a l n e r v e s a r e a f f e c t e d , a n d d i sease o f t h e s p i n e m a y 

be s u s p e c t e d , i n t h e r e g i o n o f t h e first o r s e c o n d c e r v i c a l v e r 

tebrae. 

T h e d i s t r i b u t i o n o f t h e fifth n e r v e t o t h e conjunct ira, b o t h 

o f t h e g l o b e o f t h e e y e a n d a l s o o f t h e l i d s , e x h i b i t s , t o a 

w o n d e r f u l d e g r e e , t h e a x i o m g i v e n y o u i n t h e first l e c t u r e o f 

t h e c o u r s e , as t o t h e h a r m o n y o f a c t i o n b e t w e e n t h e s e n s o r y 

n e r v e s o f t h e s k i n , t h e m u s c l e s a d j a c e n t , a n d t h e j o i n t s w h i c h 

t h e y m o v e ; s i n c e t h e s e p a r t s s t a n d v e r y m u c h i n t h e s a m e 

g e n e r a l r e l a t i o n t o e a c h o t h e r , i f t h e m o v a b l e p o i n t i n t h e 

e y e l i d s b e t a k e n as a j o i n t , a n d t h e m u s c l e s o f t h e l i d s as 

t h o s e w h i c h m o v e i t . 
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A n a n a l o g y h a s b e e n d r a w n b y a p r o m i n e n t a u t h o r 1 

b e t w e e n a c o m m o n t w o - r o o t e d s p i n a l n e r v e a n d a g r e a t 

' ' c o m p o u n d n e r v e ' ' o f t h e h e a d , w h o s e sensory root c o r r e 

s p o n d s t o t h e s e n s o r y p o r t i o n o f t h e fifth n e r v e , a n d w h o s e 

motor root c o m p r i s e s t h e t h i r d , f o u r t h , fifth ( i t s m o t o r 

p o r t i o n ) , s i x t h , a n d s e v e n t h c r a n i a l ne rves , w h i c h , t o g e t h e r , 

f o r m t h e m o t o r r o o t o f t h i s c o m p o u n d n e r v e . M o s t o f t h e 

r e f l e x ac t s w h i c h a re e x h i b i t e d i n t h e r e g i o n s o f t h e h e a d 

a n d t h e u p p e r p o r t i o n o f t h e n e c k c a n b e e x p l a i n e d b y 

t h e f r e e c o m m u n i c a t i o n w h i c h e x i s t s b e t w e e n t h e s e n s o r y 

r o o t o f t h i s " c o m p o u n d n e r v e " a n d i t s d i f f e r e n t m o t o r 

b r a n c h e s . 

I t seems useless t o f u r t h e r i n c o r p o r a t e s u c h cases, w h i c h 

g o t o p r o v e t h a t o n l y b y a t h o r o u g h f a m i l i a r i t y w i t h a n a t 

o m y a r e w e e n a b l e d t o e x p l a i n t h e m a n y p h e n o m e n a w h i c h 

o f t e n p u z z l e t h e p r a c t i t i o n e r ; a n d t h a t , i f w e w i l l b u t use i t 

as a g u i d e , d i a g n o s i s m a y b e g r e a t l y s i m p l i f i e d , a n d a n easy 

r e m e d y o f t e n d i s c o v e r e d f o r t h e s y m p t o m s . 

SURGICAL ANATOMY OF THE FIFTH NERVE. 

S u r g i c a l o p e r a t i o n s a re o f t e n d e m a n d e d f o r t h e r e l i e f o f 

t h o s e t o r m e n t i n g n e u r a l g i a s w h i c h a f f e c t t h e b r a n c h e s o f t h e 

fifth n e r v e . 

T h e s i m p l e d i v i s i o n o f a n e r v e i s , a t p r e s e n t , s e l d o m p r a c 

t i c e d , o w i n g t o t h e c e r t a i n t y o f p r o m p t r e u n i o n o f t h e n e r v e 

d i v i d e d . R e s e c t i o n o f n o t less t h a n two indies of its length 

i s u s u a l l y r e q u i r e d t o m a k e r e u n i o n i m p o s s i b l e , o r v e r y re 

m o t e i n p o i n t o f t i m e . I t h a s b e e n p r o p o s e d t o t u r n t h e p e 

r i p h e r a l e x t r e m i t y o f t h e n e r v e b a c k w a r d a f t e r s e c t i o n , o r t o 

i n t e r p o s e m u s c l e o r f a s c i a , t o p r e v e n t t h e p o s s i b i l i t y o f u n i o n . 2 

E x p o s u r e a n d s t r e t c h i n g o f s p i n a l n e r v e s f o r t h e r e l i e f o f n e u 

r a l g i a h a v e b e e n p r o p o s e d b y V o n N u s s b a u m , b u t a r e n o t 

u s u a l l y p r a c t i c e d u p o n t h e c r a n i a l n e r v e s . 

T h e supra-orbital nerve m a y be t h u s d i v i d e d : 

Pa s s a n a r r o w k n i f e , s u b c u t a n e o u s l y , f r o m a p o i n t t w o o r 

t h r e e l i n e s o n t h e i n n e r s i d e o f t h e supra-orbital notch, o u t -

1 John Hilton, " Rest and Pain." 2 S. W Mitchell. 
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w a r d , u n t i l t h e p o i n t h a s p a s s e d b e y o n d t h e n o t c h ; t h e n t u r n 

t h e b l a d e b a c k w a r d , a n d c u t d o w n t o t h e b o n e . T o resec t 

t h e n e r v e , m a k e a o n e - i n c h i n c i s i o n a b o v e a n d p a r a l l e l t o t h e 

s u p r a - o r b i t a l a r c h ; seize t h e c u t e n d s o f t h e n e r v e i n t h e 

w o u n d , a n d r e m o v e i t t o t h e d e s i r e d e x t e n t / 

T o e x c i s e t h e superior maxillanj nrrre, a c r u c i a l i n c i s i o n 

i s m a d e o v e r t h e infra-orbital foramen, a n d , b y t h e u se o f a 

s m a l l t r e p h i n e , t h e a n t e r i o r w a l l o f t h e a n t r u m i s o p e n e d so as 

t o i n c l u d e t h e f o r a m e n . T h e l o w e r w a l l o f t h e i n f r a - o r b i t a l 

c a n a l i s n o w b r o k e n w i t h a c h i s e l as f a r as t h e s p h e n o 

m a x i l l a r y f o s s a , a n d t h e n e r v e i s t h e n divided a t t h e fora

men rotundum w i t h a p a i r o f sc i s so r s s h a r p l y c u r v e d . 

M e c k e l ' s g a n g l i o n i s f r e q u e n t l y r e m o v e d w i t h t h e e x c i s e d 

n e r v e . 2 

0 
T o d i v i d e t h e inferior dented nerre, t h e i n c i s i o n m a y b e 

m a d e w i t h i n t h e m o u t h o r e x t e r n a l l y I f t h e t r u n k i s t o b e 

r e m o v e d , b e f o r e t h e n e r v e e n t e r s t h e c a n a l i n t h e l o w e r j a w , 

t h e e x t e r n a l i n c i s i o n i s m a d e f r o m t h e sigmoid notch t o t h e 

e d g e o f t h e j a w . T h e p a r o t i d g l a n d i s t h e n t u r n e d b a c k w a r d , 

a n d t h e l o w e r p o r t i o n o f t h e m a s s e t e r m u s c l e d e t a c h e d . A 

s e c t i o n o f b o n e i s n o w r e m o v e d w i t h a t r e p h i n e , a n d t h e d e n t a l 

a r t e r y i s t i e d , i n case i t b e w o u n d e d ; t h e n e r v e m a y t h e n 

b e d i v i d e d , a n d a h a l f i n c h o f i t , w h i c h w i l l b e f o u n d t o b e 

e x p o s e d , r e s e c t e d . 

I n t h e intra-buccal opercdion, t h e c o r n e r o f t h e m o u t h i s 

h e l d w i d e o p e n , a n d a n i n c i s i o n o n e i n c h i n l e n g t h i s m a d e 

a l o n g t h e anterior p a r t o f t h e ramus o f t h e j a w , t h r o u g h t h e 

f i b e r s o f t h e i n t e r n a l p t e r y g o i d m u s c l e . T h i s m u s c l e i s t h e n 

l o o s e n e d f r o m t h e p e r i o s t e u m b y t h e f i n g e r , w h e r e t h e n e r v e 

c a n b e e a s i l y f e l t , a t i t s e n t r a n c e i n t o t h e d e n t a l c a n a l , a n d 

t h e r e d i v i d e d . 

TnE GANGLIA CONNECTED WITH TIIE FIFTH NERVE. 

I n t h e c u t w h i c h i l l u s t r a t e s t h e d i s t r i b u t i o n o f t h e b r a n c h e s 

o f t h e f i f t h n e r v e w i l l b e p e r c e i v e d f o u r g a n g l i o n i c e n l a r g e -

1 J. X. Warren. - J. E. Wood. 
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m e n t s , e x c l u s i v e o f t h e g a n g l i o n o f Gasser , w h i c h a re c o n 

n e c t e d w i t h t h e n e r v e , a n d w h i c h h a v e a m o s t i m p o r t a n t 

f u n c t i o n as r e g a r d s t h e t i s sues t o w h i c h t h e s e b r a n c h e s a re 

d i s t r i b u t e d . 

A s y o n w i l l n o t i c e , t h e f i r s t i s c o n n e c t e d w i t h t h e o p h t h a l 

m i c d i v i s i o n , a n d i s s i t u a t e d w i t h i n t h e o r b i t . I t i s c a l l e d t h e 

" o p h t h a l m i c g a n g l i o n , " f r o m i t s a t t a c h m e n t ; a l s o t h e " l e n 

t i c u l a r g a n g l i o n , " f r o m i t s s h a p e ; a n d t h e " c i l i a r y g a n g l i o n , " 

s i n c e i t g i v e s o f f t h e c i l i a r y n e r v e s t o t h e i r i s a n d t h e m u s c l e 

o f a c c o m m o d a t i o n o f v i s i o n . L i k e a l l t h e g a n g l i a o f t h e s y m 

p a t h e t i c n e r v e , i t h a s a motor root, a sensory root, a n d a sym

pathetic root, a n d i t f u r n i s h e s branches of distribution t o 

n e i g h b o r i n g p a r t s . 

T h e s e c o n d i s c a l l e d " M e c k e l ' s g a n g l i o n , " a f t e r i t s d i s c o v 

e r e r ; a n d t h e " s p h e n o - p a l a t i n e g a n g l i o n , " s ince i t i s c h i e f l y 

d i s t r i b u t e d t o t h e r e g i o n o f t h e p a l a t e . I t i s s i t u a t e d i n t h e 

spheno-maxillary fossa, a n d sends b r a n c h e s t o t h e o r b i t , 

nose , h a r d a n d s o f t p a l a t e . I t l i e s i n c lose r e l a t i o n w i t h t h e 

s u p e r i o r m a x i l l a r y n e r v e . 

T h e t h i r d i s c a l l e d t h e " o t i c g a n g l i o n . " I t l i e s u p o n t h e 

i n f e r i o r m a x i l l a r y n e r v e below the foramen ovale, a n d sends 

b r a n c h e s t o t h e t w o t e n s o r m u s c l e s , v i z . , t h e t e n s o r t y m p a n i 

a n d t h e t e n s o r p a l a t i . I t i s t h u s p h y s i o l o g i c a l l y a s soc i a t ed 

w i t h t h e ac t s o f hearing a n d deglutition. 

T h e f o u r t h i s c a l l e d t h e " s u b m a x i l l a r y g a n g l i o n , " s ince i t 

l i e s a b o v e t h e s u b m a x i l l a r y g l a n d . I t i s b y m e a n s o f t h e d i s 

t r i b u t i o n o f t h e chorda tympani nerve t o t h i s g a n g l i o n t h a t 

s o m e p h y s i o l o g i s t s a t t e m p t t o e x p l a i n t h e a p p a r e n t e f f e c t 

w h i c h t h a t n e r v e has u p o n t h e sense o f t a s t e i n t h e a n t e r i o r 

t w o t h i r d s o f t h e t o n g u e . 1 

T h e f o l l o w i n g t a b l e 2 w i l l p e r h a p s ass i s t y o u i n r e m e m b e r 

i n g t h e s p e c i a l p o i n t s o f e a c h o f these g a n g l i a , as i t s h o w s t h e 

v a r i o u s sou rces o f s u p p l y to each , as w e l l as b r a n c h e s o f d i s 

t r i b u t i o n : 

1 See previous portion of this chapter, where the gustatory nerve is discussed. 
2 After Keen. 



TIIE A DDE CESS, OR SIXTH XERVE. 

THE GANGLIA OF THE EI I ' I I I CRANIAL NERVE. 

S:tn»li..n, M..I»r r.,«t. 11. [ a'lfth-
riot. 

Branches of ,1. tritnil n. 

OPHTIIAL- H l l; v ' '<" t h ( ' -TH M:I.V, 
MIC or "/<'"• ""•'•'• v„,„/ 

CILIARY. | brunch. 
3i> M iivr CAVERNOUS To ciliary muscle and 

MECKEL'S 
or 

SPHENO
PALATINE. 

Split 71 ii-
mu J illarij 

JOSSU. 

.IT1I XKRYi:— 
Sphe no-j,it hi -
line branches. 

Til NERVE, 
through Y'uli 
an and I in g,-

JH 11 OStll 
branches. 

C \ROTII> 
PI KXl -. bv 

Incan- "1 Vi
ii inn IJI I'I i. 

Orbital, nasal, naso-pala-
t'nc. anterior or larcc 

• palatine, middle or ex
ternal palatine. 

Vo>t. or i Levator palati, 
small -, Azytros uvula'. 

palatine / Paiato-glos-us 

OTIC. 

SUBMAXIL
LARY. 

Below the 
jormnen 

ovale. 

Above the 
mi/,maa il-
lary gland. 

OTH NEP.VK-
A III /'• ;//•, 
tun J'i. i n I 
branch. 

5TII SERVE— 
Lingual or 
gustatory 
branch. 

iTII NERVE, 
throufrh small\ 
, petrosal. 

5TH NERVE, i 
through int. j 
j/feiygoid 

, branch. ! tTII NERVE, 
through chor
da in in pa tti 

branch. 

Plexus on the 
MIDDLE ME-

MNGEAI. 
ARTERY. 

To tensor tympani and 
tensor palati muscles. 

Plexus on the To submaxillary eland 
KAI IAI. and mucous membrane 
ARTERY. of the mouth. 

B y r e f e r e n c e t o t h e a b o v e t a b l e , y o u w i l l p e r c e i v e t h a t t h e 

sensory root o f e a c h o f t h e f o u r g a n g l i a i s d e r i v e d f r o m t h e 

fifth c r a n i a l n e r v e b y m e a n s o f s o m e o f i t s b r a n c h e s ; t h a t 

t h e motor root i s d e r i v e d , i n t h r e e cases o u t o f f o u r , f r o m t h e 

seventh c r a n i a l n e r v e ; a n d , f i n a l l y , t h a t i n e v e r y case i s t h e 

s y m p a t h e t i c r o o t d e r i v e d f r o m a plexus u p o n s o m e n e i g h b o r 

i n g b l o o d - v e s s e l . 

T I I E ABDUCEXS, OR S I X T H X E R V E (MOTOR OCULI EXTERNUS). 

The apparent origin of this nerve is from a groove between 

t h e anterior pyramid o f t h e m e d u l l a o b l o n g a t a a n d t h e pos

terior border o f t h e pons Varolii. T h e n e r v e m a y be s a i d t o 

possess t w o r o o t s , o n e o f w h i c h c a n b e t r a c e d i n t o t h e p y r a 

m i d a l b o d y o f t h e m e d u l l a , a n d t h e o t h e r i n t o t h e p o n s V a 

r o l i i i t s e l f . T h i s l a t t e r r o o t i s s o m e t i m e s w a n t i n g . 

I t s d e e p o r i g i n h a s b e e n t r a c e d b y L o c k h a r t C l a r k e t o a 

n u c l e u s i n t h e g r a y m a t t e r o f t h e f o u r t h v e n t r i c l e o f t h e b r a i n , 

o n t h e o u t e r s i d e o f t h e locus cccruleus. 

T h i s n e r v e i s p u r e l y m o t o r i n i t s f u n c t i o n , a n d is d i s t r i b u 

t e d t o t h e e x t e r n a l r e c t u s m u s c l e o f t h e e y e . 



176 THE CRANIAL NERVES. 

T h e m o s t c a r e f u l r e sea rches o f V u l p i a n h a v e as y e t f a i l e d 

t o d i s c o v e r a n y d e c u s s a t i o n o f t h e d e e p f i b e r s o f t h i s n e r v e , 

a n d t h e r e w o u l d seem t o be a 

p h y s i o l o g i c a l e x p l a n a t i o n f o r 

t h e absence o f s u c h a n a r r a n g e 

m e n t , s ince t h e t w o e x t e r n a l 

r e c t i m u s c l e s a r e s e l d o m c a l l e d 

i n t o s i m u l t a n e o u s a c t i o n , a n d 

t h e n o r m a l m o v e m e n t s o f t h e 

eyes a re o p p o s e d t o s u c h a p o 

s i t i o n as w o u l d ensue i f t h e y 

s h o u l d a c t i n c o m m o n . 

T h e s i x t h n e r v e a n a s t o 

moses w i t h t h e sympathetic 

nerve i n t h e c a v e r n o u s s i n u s , 

w h e r e i t r ece ives f i l a m e n t s f r o m 

b o t h t h e c a r o t i d p l e x u s a n d 

f r o m M e c k e l ' s g a n g l i o n ; a n d a 

f e w s e n s o r y f i l a m e n t s a r e s a i d 

t o b e g i v e n t o i t f r o m t h e o p h 

t h a l m i c b r a n c h o f t h e f i f t h c r a n i a l n e r v e i n t h i s l o c a l i t y . 

O c c a s i o n a l l y , t h i s n e r v e sends a f i l a m e n t t o t h e ophthalmic 

ganglion, a n d t h u s t o t h e iris, a n d i t i s c l a i m e d b y L o n g e t 

t h a t t h i s a r r a n g e m e n t ( w h i c h i s a n e x c e p t i o n a l o n e ) e x i s t s i n 

t h o s e cases o f p a r a l y s i s o f t h e m o t o r o c u l i n e r v e i n w h i c h 

t h e r e i s n o a p p a r e n t e f f e c t p r o d u c e d u p o n t h e m o b i l i t y o f t h e 

p u p i l . 

T h i s n e r v e h a s n o p r a c t i c a l i m p o r t a n c e t o t h e d i a g n o s t i c i a n . 

save t h e o n e f a c t t h a t , i n case i t be p a r a l y z e d , t h e e y e w i l l 

p r e s e n t t h e c o n d i t i o n o f internal strabismus; t h a t t h e ap

parent size o f t h e o b j e c t s p e r c e i v e d b y t h e r e t i n a i s magni

fied; a n d t h a t t h e h e a d w i l l b e so d e f l e c t e d as t o a v o i d t h e 

p e r c e p t i o n o f d o u b l e i m a g e s . 3 

T h e e x p l a n a t i o n o f b o t h o f t he se e f f e c t s , as t h e r e s u l t o f 
1 After the eyes have been drawn inward, as in attempts to focus near objects, these 

muscles help to restore the axes of vision to a state of parallelism. 
2 For explanation of this symptom, the reader is referred to page 143 of this volume. 
3 See page 140 of this volume. 

FIG. 59.—Distribution of the motor oculi 
externus. (Hirschfeld.) 

1, trunk of the motor oculi communis, with 
its branches (2, 3, 4, 5, 6, 7); 8, motor 
oculi externus, passing to the external 
rectus muscle ; 9, f laments of the motor 
oculi externus anastomosing with the 
sympathetic ; 10, ciliary nerves. 



THE EJC/AL, OR HE VEX TH XERVE. 177 

p a r e s i s o f c e r t a i n o c u l a r m u s c l e s , h a s a l r e a d y b e e n g i v e n i n 

t h e p r e v i o u s l e c t u r e u p o n t h e t h i r d c r a n i a l n e r v e , a n d n e e d 

n o t b e a g a i n r e p e a t e d . I t s h o u l d n o t b e f o r g o t t e n , h o w e v e r , 

t h a t i n t e r n a l s t r a b i s m u s i s n o t a l w a y s d u e t o p a r a l y s i s o f t h e 

e x t e r n a l r e c t u s m u s c l e , b u t m a y i n d i c a t e a c o n d i t i o n o f c o n 

g e n i t a l o r a c q u i r e d h y p e r o p i a , c a u s i n g a w e a k n e s s o f t h e e x 

t e r n a l r e c t u s m u s c l e . 

THE FACIAL, OR SEVENTH NERVE. 

This nerve has its apparent origin from a groove between 

t h e olivary a n d restiform bodies o f t h e m e d u l l a o b l o n g a t a , 

a n d , l i k e t h e t h r e e p r e c e d i n g , h a s i t s d e e p o r i g i n i n a g r a y 

nucleus i n t h e floor o f t h e f o u r t h v e n t r i c l e , i n t h e u p p e r h a l f 

o f t h a t s p a c e n e a r t o t h e p o s t e r o - m e d i a n f i s s u r e . 1 T h e f i l a 

m e n t s o f o r i g i n , w i t h i n t h e s u b s t a n c e o f t h e m e d u l l a o b l o n g a t a , 

m a y b e t r a c e d as a f a n - l i k e e x p a n s i o n u p o n t h e floor o f t h e 

f o u r t h v e n t r i c l e , s o m e o f w h i c h t e r m i n a t e i n t h e g r a y n u c l e u s , 

a b o v e d e s c r i b e d , o f t h e s a m e s i d e as t h a t o n w h i c h t h e n e r v e 

escapes , w h i l e o t h e r f i b e r s m a y b e seen t o decussate, t h u s 

p a s s i n g t o t h e n u c l e u s o f t h e o p p o s i t e s i d e . N o f i l a m e n t s 

h a v e as y e t b e e n s a t i s f a c t o r i l y t r a c e d u p w a r d b e y o n d t h e 

l i m i t s o f t h e m e d u l l a , 2 T h i s n e r v e a c c o m p a n i e s t h e n e r v e o f 

h e a r i n g t h r o u g h o u t t h e w h o l e l e n g t h o f t h e interned auditory 

canal, a n d t h e r e c o m m u n i c a t e s w i t h i t b y a f e w f i l a m e n t s . I t 

t h e n e n t e r s a c u r v e d c a n a l w i t h i n t h e t e m p o r a l b o n e , c a l l e d 

t h e aqueduct of Fallopius, w h e r e i t g i v e s o f f t h e t h r e e p e t r o 

s a l n e r v e s a n d t h e c h o r d a t y m p a n i b r a n c h , w h o s e p h y s i o l o g i 

c a l a c t i o n h a s b e e n a l r e a d y c o n s i d e r e d i n c o n n e c t i o n w i t h t h e 

f i f t h n e r v e . F r o m t h i s c a n a l , i t escapes t h r o u g h t h e stylo

mastoid foramen, h a v i n g , b e f o r e i t s e x i t , g i v e n a t y m p a n i c 

1 Lockliart Clarke. An accessory portion of this nerve—the " tun-e of Wrhhcnj "— 
convevs fibers to it, whose deep origin may be traced to the lateral column of the cord. 
Its importance is now being extensively discussed, as having a connection with the chorda 
tympani nerve. 

2 The deep origin of the fibers of the facial nerve seems to have some connection with 
the upper portions of the encephalon (as shown by the clinical facts mentioned in previ
ous pages, when discussing " crossed paralysis " ) ; but little is, as yet, positively known 
concerning the course and termination of these fibers. 
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b r a n c h t o t h e ear. I n t h e r e g i o n o f t h e s t y l o - m a s t o i d f o r a 

m e n , i t communicates with five nerves, n a m e l y , t h e g r e a t 

a u r i c u l a r (a b r a n c h o f t h e c e r v i c a l p l e x u s ) , t h e a u r i c u l o - t e m -

FiG. 60.—Superficial branches of the facial and the fifth. (Hirschfeld.) 
1, trunk o f the facial ; 2, posterior auricular nerve ; 3, branch which if receives from the 

cervical plexus ; 4, occipital bvanch ; 5, 6, branches to the muscles o f the ear ; 7, digas
tric brandies , S, branch to the stifio-lu/oid muscle; 9, superior terminal branch; 10, 
temporal branches ; 11, frontal branch's ; 12, branches to the orbicularis palpebrarum; 
13, nasal, or suborbital branches ; 14, buccal branches ; 15, inferior terminal branch ; 
16, mental branches; 17, cervical branches; 18, superficial temporal nerve (branch 
of the f i f th) ; 19, 20, frontal nerves (branches of the fifth); 21, 22, 23, 24, 25, 26, 
27, branches of the fifth ; 28, 29, 30, 31, 32, branches of the cervical nerves. 

poral (a branch of the fifth nerve), the pneumogastric, the 

glosso-pharyngeal, and the carotid plexus of the sympathetic ; 

and, subsequently, it divides and is distributed to the muscles. 

The facial is the great motor nerve of the muscles of the 

1 Occasionally also the fdanunt of communication to the pneumogastric nerve. 



FIG. 61.—A diagram of the branches of the faded nerve. 
1, main trunk of nerve in internal auditory canal; 2, branches of communication with 

AUDITORY NERVE; 3, orifice of aqueduct of Fallnphis; 4, large petrosal nerve; 5, 
small petrosal nerve ; 6, external petrosal nerve ; 7, filaments to the laxahr timpani 
muscles , 8, chorda tympani nerve ; 9, stylo-mastoid foramen ; 10,posterior a-uricidar 
nerve ; 11, filament supplying the stylo hyoid and digastric muscles; l ' i , the TKMPORO-
KACIAL division of the nerve ; 13, the tempored branches ; 14, the malar branches ; 
15, the infra-orbited branches; 16, the buccal branches; 17, the supret-mariffary 
branches; 18, the infra-maxillary branches; 19, the CERVICO-FACIAL division; 20, 
" intumesccntia geingVwformis'"—the scat of origin of the petrosal nerves. 

three muscles of the neck, namely, the stylo-hyoid, posterior 

belly of the digastric, and the platysma ; one muscle of the 

middle ear, the stapedius; and one muscle of the palate, the 

levator palati.2 By means of the chorda tympani branch, 

it controls the secretion of the parotid and submaxillary 

glands, and, possibly, the sense of taste.3 By the large pe-

1 Sir Charles Bell. 
4 Schiff, 1851 ; Bernard. Possibly also some other muscles, by means of the lingual 

branch, described by Ilirschberg. 
•! Sappey; Hirschfeld; A. Flint, Jr. ; J. C. Dalton. The fibers of the chorda tympani 

nerve, bv some of the later authorities, are said to arise from an intermediate nerve 
formed by a branch frcm both the seventh and eighth cranial nerves, and called the 
" portio intermedia" or "nerve of Wrisberg." 
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t r o s a l b r a n c h , t h e l e v a t o r p a l a t i a n d a z y g o s u v u l a e a r e s u p 

p l i e d ; a n d , b y t h e s m a l l p e t r o s a l b r a n c h , t h e t e n s o r t y m 

p a n i a n d t e n s o r p a l a t i m u s c l e s a re f u r n i s h e d w i t h m o t o r 

p o w e r . 

S e v e r a l i n t e r e s t i n g a r t i c l e s h a v e l a t e l y a p p e a r e d u p o n t h e 

s u b j e c t . ' 

I t i s c l a i m e d b y V u l p i a n t h a t t h e f a c i a l n e r v e a l so c o n 

t a i n s vaso-motor fibers, w h i c h a r e d i s t r i b u t e d t o t h e vessels o f 

t h e t o n g u e a n d s i d e o f t h e f a c e . 

T h e e f f e c t s o f p a r a l y s i s o f t h e f a c i a l n e r v e w e r e f i r s t 

b r o u g h t t o p r o f e s s i o n a l n o t i c e b y S i r C h a r l e s B e l l , w h o d i 

v i d e d i t f o r f a c i a l n e u r a l g i a , a n d t h e c h a r a c t e r i s t i c d e f o r m i t y 

w h i c h r e s u l t e d i s s t i l l k n o w n u n d e r t h e n a m e o f " B e l l ' s pa 

r a l y s i s . " I n t h i s c o n d i t i o n , t h e a f f e c t e d s i d e loses i t s n o r m a l 

e x p r e s s i o n , a n d b e c o m e s a b n o r m a l l y s m o o t h o n a c c o u n t o f 

t h e o b l i t e r a t i o n o f t h e n o r m a l l i n e s a n d w r i n k l e s , d u e t o t h e 

a c t i o n o f t h e a n t a g o n i s t i c m u s c l e s o n t h e h e a l t h y s i d e . 2 T h e 

p a t i e n t loses a l l p o w e r o f c l o s i n g t h e e y e o f t h e a f f e c t e d s ide 

e v e n i n s leep , s ince t h e o r b i c u l a r i s p a l p e b r a r u m m u s c l e i s 

p a r a l y z e d ; t h e m o u t h i s n o l o n g e r s y m m e t r i c a l , s ince i t i s 

d r a w n t o w a r d t h e h e a l t h y s i d e ; t h e s a l i v a i s w i t h d i f f i c u l t y 

r e t a i n e d ; a n d t h e a c t o f w h i s t l i n g b e c o m e s a n i m p o s s i b i l i t y , 

as t h e l i p s c a n n o t be s y s t e m a t i c a l l y g o v e r n e d . T h i s c o n d i 

t i o n m a y be p r o d u c e d b y e x p o s u r e to severe c o l d , as i n s l e i g h -

r i d i n g ; b y abscess o r t u m o r s o f t h e p a r o t i d r e g i o n , as t h e 

r e s u l t o f t h e p r e s s u r e c r e a t e d ; b y d iseases o f t h e ea r o r i n j u 

r i e s t o t h e t e m p o r a l b o n e , w h i c h i m p e d e t h e f r e e a c t i o n o f 

t h e n e r v e ; a n d b y c r a n i a l l e s i o n s . I t i s p a r t i c u l a r l y i m p o r 

t a n t t h a t t h e s u r g e o n s h o u l d f a m i l i a r i z e h i m s e l f , n o t o n l y 

w i t h t h e s i t u a t i o n a n d c o u r s e o f t h e m a i n t r u n k o f t h i s 

n e r v e , b u t a l so w i t h t h e c o u r s e o f i t s b r a n c h e s , p r e v i o u s t o 

p e r f o r m i n g o p e r a t i o n s a b o u t t h e f a c e , o r i n t h e v i c i n i t y o f 

t h e m a s t o i d p roces s , a n d i n t h e u p p e r p o r t i o n s o f t h e 

n e c k . • 
1 Vulpian, "Lancet," 1873'; I I . R. Bigclow, "Brain," 1S7G; E. C. Spitzka "Medical 

Record," 18S0. 
2 Hence the aptness of the remark by Romberg, as quoted by Hammond, that " there 

is no better cosmetic for elderly ladies than facial paralysis." 



DISTRIBUTION OF FACIAL XERVE. 1 M 

T h e d i s t r i b u t i o n o f t h i s n e r v e t o t h e m u s c l e s o f t h e p a l a t e 

a n d t o t h e s t y l o - h y o i d e x p l a i n s t h e impairment of deglutition 

w h e n t h e f a c i a l n e r v e i s p a r a l y z e d ; w h i l e t h e f i l a m e n t t o t h e 

s t a p e d i u s m u s c l e m a y c r e a t e m o d i f i c a t i o n s i n t h e senxr of 

hearing u n d e r s i m i l a r c o n d i t i o n s . 1 

FIG. 62.—Bell's paralysis. (Modified from Corfe.) 

T h e f o l l o w i n g t a b u l a t e d a r r a n g e m e n t o f t h e b r a n c h e s o f 

t h e s e v e n t h n e r v e 2 w i l l p o s s i b l y p r o v e o f s e r v i c e t o y o u as a n 

a i d t o m e m o r y d u r i n g y o u r s t u d e n t l i f e ; a n d , as a g u i d e f o r 

r e f e r e n c e o r r e v i e w i n y o u r p r o f e s s i o n a l ' l a b o r s , s u c h t a b l e s 

a r e a l w a y s o f v a l u e : 

1 The tensor tympani muscle may also be involved. 
- Copied from " The Essentials of Anatomy" : Darling and Ranney, New York, 18 SO. 

14 
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TABLE OF THE BRANCHES OF THE FACIAL NERVE. 

> 
W 

t—I 
o 

C 

o 

Brandies of 
communication. 

In the auditory canal. 

In the aqueduct of Fallopius. 

At its exit from the stylomas
toid foramen, with the fol
lowing nerves: 

On the face. 

In the aqueduct of Fallopius. 

Branches of ^ Near the stylo-mastoid fora-
dislribution. j men. 

On the face. 

Branch to auditory nerve. 
Large petrosal (to Meckel's 

ganglion). 
Small petrosal (to otic gangl'n). 
External pjetrosal (to meningeal 

plexus). 
Tympanic branch. 
Great auricular. 
Auriculo-temporal. 
Pneumogastric.1 

Glosso-pharyngeal. 
Carotid plexus. 
Branches to fifth cranial nerve. 
Tympanic nerve. 
Chorda tympani nerve. 
Posterior auricular nerve. 
Diagastric branch. 
Stylo-hyoid branch. 
Lingual branch.2 

Temporo-faeial nerve. 
Cervico-facial nerve. 

I f y o u w i l l l o o k a t t h i s d i a g r a m m a t i c d r a w i n g ( F i g . 63), 

y o u w i l l p e r c e i v e h o w s i m p l e i s t h e a r r a n g e m e n t o f t h e 

branches of communication b e t w e e n t h e f a c i a l n e r v e a n d t h e 

fifth c r a n i a l n e r v e a n d i t s g a n g l i a . W h i l e t h e d r a w i n g i s 

i n t e n d e d t o be p u r e l y s c h e m a t i c , s t i l l i t a l s o i l l u s t r a t e s some 

o f t h e a n a t o m i c a l p o i n t s p e r t a i n i n g t o t h e c o u r s e a n d f o r m a 

t i o n o f t h e Vidian nerve, as w e l l as t h e r e l a t i o n s o f t h e chor

da tympani nerve t o t h e membrana tympani, as i t passes 

t h r o u g h t h e m i d d l e ear t o r e a c h t h e c a n a l o f H u g u i e r . 

T h e r e i s a p r a c t i c a l p o i n t p e r t a i n i n g t o t h e deep origin o f 

t h e fibers o f t h e f a c i a l n e r v e , w h i c h m a y o f t e n b e o f v a l u e i n 

d e t e r m i n i n g t h e seat o f p a t h o l o g i c a l l e s i o n s w i t h i n t h e sub

s t ance o f t h e b r a i n . I n h e m i p l e g i a , e s p e c i a l l y i n t h a t v a r i e t y 

w h i c h i s d u e t o h a e m o r r h a g e , t h e f a c e i s s o m e t i m e s a f f e c t e d 

u p o n t h e same s i d e as t h e b o d y a n d s o m e t i m e s u p o n t h e o p p o 

s i t e s ide , t h u s b e i n g i m p a i r e d , r e s p e c t i v e l y , e i t h e r u p o n t h e 

s i d e o p p o s i t e t o t h e c e r e b r a l l e s i o n o r u p o n t h e s ame s i d e as 

t h e l e s i o n . T o e x p l a i n t he se p h e n o m e n a t h e o r e t i c a l l y , w e 

1 This communicating filament is given off in the aqueduct of Fallopius as often as at 
the stylo-mastoid foramen. 

2 Described by Ilirschberg. Supplies the stylo-glossus and palato-glossus muscles and 
the tongue. 
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m u s t s u p p o s e t h a t t h e f a c i a l n e r v e fibers a r e a f f e c t e d b y t h e 

l e s i o n w i t h i n t h e b r a i n before they decussate ( f o l l o w i n g t h e m 

f r o m w i t h i n o u t w a r d ) , i n case t h e f a c e i s p a r a l y z e d o n t h e 

same side as the lesion ; a n d t h a t t h e decussating fibers a r e 

Fi '. 63.—A diagram to show the relations between the facial nerve and some portions of the 
• fifth nerve. 

Gasscrian ganglion; B, ophthalmic nerve; C, superior maxillary nerve; D, inferior 
maxillary nerve (sensory portion); E, inferior maxillary nerve (motor portion); M, 
Meckel's ganglion; \, facial nerve, entering the aqueduct of Fallopius; 2, intumcs-
ccntia gauglioformis (an enlargement on the nerve); 3, faded nerve, following the 
curve of the aqueduct of Fallopius ; A, faded nerve, escaping from stylo-mastoid fora
men ; 5, large petrosal branch, joining caiotid filament 11 to form the Vieliem nerve, 
and entering the Vidian caned ; 6, small petrosal branch, going to "otic uanglion " 10 ; 
7, chorda tympani nerve, escaping from the caned of Huyuier after winding over the 
upper border of drum membrane of ear, 9 ; 8, gustatory ni rve, joining with the chorda 
tympani nerve; 9, external drum membrane of the car; jo, otic ganglion; 11, fila
ment from carotid plexus to form the Vidian nerve; 12, the iter chordee postering, ad
mitting the chorda tympani nerve into the cavity of the middle car. 

p r e s s e d u p o n o r d e s t r o y e d b y t h e l e s i o n , i n case t h e f a c e be 

a f f e c t e d o n t h e same side as the body. 

N o w , i t h a s b e e n o b s e r v e d as a p a t h o l o g i c a l f a c t , t h a t 

w h e n a l e s i o n i n v o l v e s p a r t s o f t h e e n c e p h a l o n anterior t o t h e 

p o n s V a r o l i i , t h e p h e n o m e n a d e p e n d e n t u p o n p a r a l y s i s o f t h e 

f a c i a l n e r v e a r e p e r c e i v e d o n t h e s a m e s i d e as t h e h e m i p l e g i a ; 

w h i l e , i f t h e l e s i o n b e s i t u a t e d e i t h e r i n t h e l o w e r p a r t 1 o f t h e 

p o n s V a r o l i i o r b e l o w i t , t h e f a c e i s p a r a l y z e d o n t h e s a m e 

s i d e as t h e l e s i o n , o r o n t h e s i d e o p p o s i t e t o t h e h e m i p l e g i a , 

1 Gubler has shown that the facial nerve is not paralyzed upon the same side as the 
lesion, if the injury to the pons Varolii be anterior to the imaginary line drawn through 
the points of escape of the trigemini. 
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F o r t h i s r e a s o n , t h e o c c u r r e n c e o f h e m i p l e g i a , w i t h crossed 

facial paralysis1 h a s b e e n r e c e i v e d as a m o s t p o s i t i v e i n d i c a 

t i o n o f a l e s i o n s i t u a t e d u p o n t h e s ame s i d e o f t h e b r a i n as. 

t h a t o f t h e f a c e , a n d e i t h e r w i t h i n t h e s u b s t a n c e o f t h e p o n s 

V a r o l i i o r i n p a r t s o f t h e e n c e p h a l o n p o s t e r i o r t o i t . S u c h 

c l i n i c a l f a c t s as t h e s e seem p o s i t i v e l y t o i n d i c a t e t h a t s o m e o f 

t h e d e e p f i b e r s o f t h e f a c i a l n e r v e pass upward into the cere

brum, a n d t h a t t h e d e c u s s a t i o n o f t h e f i l a m e n t s o f o r i g i n 

w i t h i n t h e f l o o r o f t h e f o u r t h v e n t r i c l e i s o f l i t t l e p h y s i o l o g i c a l 

i m p o r t a n c e c o m p a r e d t o t he se o t h e r f i b e r s ; b u t , u n f o r t u n a t e 

l y , n o a n a t o m i c a l i n v e s t i g a t i o n s h a v e , so f a r , d i s c o v e r e d f i b e r s 

o f t h i s n e r v e w h i c h c o u l d b s c l e a r l y d e m o n s t r a t e d as p a s s i n g 

u p w a r d b e y o n d t h e p o n s V a r o l i i . 

I t h a s b e e n o f t e n n o t i c e d b y d i f f e r e n t o b s e r v e r s t h a t , i n 

case t h e f a c i a l n e r v e w a s p a r a l y z e d , t h e uvula a n d s o f t palate 

w e r e a f f e c t e d a n d d r a w n t o w a r d t h e h e a l t h y s i d e b y t h e a n 

t a g o n i s t i c m u s c l e s , w h o s e m o t o r p o w e r r e m a i n e d u n i m p a i r e d . 

L a t e r i n v e s t i g a t i o n h a s s h o w n , h o w e v e r , t h a t t h i s a f f e c t i o n o f 

t h e p a l a t e o n l y o c c u r s i n t h o s e cases o f p a r a l y s i s d u e t o i m 

p a i r m e n t o f t h e f a c i a l n e r v e w i t h i n t h e aqueduct of Fallopius, 

o r f r o m s o m e c r a n i a l l e s i o n w h i c h a f f e c t s i t s filaments of 

origin? 

T h e e x p e r i m e n t s o f B e r n a r d s eem t o d e m o n s t r a t e t h a t t h e 

facial nerve, a n d n o t t h e g l o s s o - p h a r y n g e a l a l o n e , i s c o n 

n e c t e d w i t h m o v e m e n t s o f t h e velum palati, b u t n o t w i t h t h e 

m o v e m e n t s o f t h e p i l l a r s o f t h e f a u c e s . T h e c o n s t r u c t i o n o f 

t h e s m a l l p e t r o s a l b r a n c h , h o w e v e r , b e i n g c o m p o s e d p a r t l y o f 

f i b e r s d e r i v e d f r o m t h e g l o s s o - p h a r y n g e a l n e r v e , m a y s t i l l 

j u s t i f y a d o u b t u p o n t h i s p o i n t , 

H i r s c h f e l d d e s c r i b e s a s m a l l f i l a m e n t , w h i c h t h e f a c i a l 

n e r v e g i v e s o f f s o o n a f t e r i t e m e r g e s f r o m t h e s t y l o - m a s t o i d 

f o r a m e n , " the lingual brancliy:'3 w h i c h i s d i s t r i b u t e d t o t h e 

t o n g u e a n d t o t h e stylo-glossus a n d palato-glossus m u s c l e s . 

1 A term used to cover those terms of paralysis where the face is paralyzed on the 
side opposite to the side of the body affected. See diagram on page 60. 

2 The petrosal nerves, which carry the motor fibers to these muscles, must be impaired 
to cause any deflection of the palate. 

: l See tabic on page 182. 
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T h i s m a y p o s s i b l y e x p l a i n t h e o b s e r v a t i o n o f B e r n a r d : t h a t 

p a r a l y s i s o f t h e f a c i a l n e r v e , a f t e r s e c t i o n , p r o d u c e s a d e v i a 

t i o n o f t h e tip of the tongue ; a n d t h e s a m e e f f e c t h a s b e e n , a t 

d i f f e r e n t t i m e s , r e c o r d e d as t h e r e s u l t o f p a r a l y s i s o f t h e f a c i a l 

n e r v e f r o m i n t r a - c r a n i a l causes . 

BRANCHES OF COMMUNICATION OF THE FACIAL NERVE. 

S o m e o f t h e b r a n c h e s o f c o m m u n i c a t i o n w h i c h a r e g i v e n 

o f f b y t h e f a c i a l n e r v e , t o j o i n w i t h o t h e r n e r v e s , o r t o b e d i s 

t r i b u t e d t o g a n g l i a , a r e o f p h y s i o l o g i c a l i m p o r t a n c e . T h u s 

t h e levator palati a n d t h e azygos uvulce m u s c l e s d e r i v e t h e i r 

m o t o r p o w e r f r o m t h e large petrosal b r a n c h a f t e r i t e n t e r s 

M e c k e l ' s g a n g l i o n ; 1 w h i l e t h e palato-glossus a n d palato

pharyngeal m u s c l e s p r o b a b l y d e r i v e d t h e i r m o t o r p o w e r 

FIG. 64.—Chorda tympani nerve. (Hirschfeld.) 
1, 2, 3, 4, facial nerve passing thrcugh the aqueductus Fallopii; ganglioform enlarge

ment; 6, great petrosal nerve; 7, spheno-palatine ganglion ; S, small petrosal nerve; 
9, chorda tympani; 10, 11, 12, 13, various branches of the facial; 14, 14, IS, glosso
pharyngeal nerve. 

from the communicating filament between the facial and the 

g l o s s o - p h a r y n g e a l n e r v e s , as s h o w n b y L o n g e t . T h i s d i s t r i b u 

t i o n e x p l a i n s , i n p a r t , w h y m o r e o r less d i f f i c u l t y i s p e r c e i v e d 

i n deglutition a f t e r d i v i s i o n o r p a r a l y s i s o f t h e f a c i a l n e r v e . 

a n d s t i l l m o r e c l e a r l y w h y t h e pronunciation of certain words 

b e c o m e s i m p a i r e d , a n d t h e e x p u l s i o n o f m u c u s f r o m t h e b a c k 

1 Gray, Quain, Sappey, and others. 
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p o r t i o n o f t h e m o u t h a n d f r o m t h e p h a r y n x i s a n a c t o f 

e x t r e m e d i f f i c u l t y . 

T h e c o m m u n i c a t i o n o f t h e c e r v i c a l p l e x u s w i t h t h e poste

rior auricular b r a n c h o f t h e f a c i a l a f f o r d s sensory filaments 

t o t h e p a r t s o v e r t h e m u s c l e s w h i c h t h a t n e r v e s u p p l i e s . 

T h e f i l a m e n t o f c o m m u n i c a t i o n b e t w e e n t h e facial a n d t h e 

auditory n e r v e s e n a b l e s t h e m u s c l e o f t h e m i d d l e ea r s u p p l i e d 

b y t h e f a c i a l 1 t o a c t i n h a r m o n y w i t h t h e a c o u s t i c a p p a r a t u s ; 

w h i l e t h e c o m m u n i c a t i o n b e t w e e n t h e fifth nerve a n d t h e 

facial enab l e s t h e l a t t e r t o f o l l o w t h a t g e n e r a l a x i o m 2 o f 

n e r v e d i s t r i b u t i o n b y w h i c h t h e s k i n o v e r t h e i n s e r t i o n o f 

FIG. 65.—A diagram to shoiv the course of the large and small petrosal nerves and the 
Vidian nerves. 

A, otic ganglion ; B, Meckel's ganglion; C, petrous portion of the temporal bone ; D, pe
trous portion of the temporal bone (its apex corresponding to the carotid canal at 
the base of the skull); E, petrous portion of the temporal bone (its base correspond
ing to the external auditory meatus); F, petrous portion of the temporal bone (its 
superior border, separating the middle and posterior fossae of the skull); 1, the 
facial nerve entering the petrous portion of the temporal bone by means of the " me
atus auditorius inter•nus" ; 2, the fac'ml nerve following the curve of the''aqueduct 
of Fallopius " ; 3, the facial nerve escaping from the temporal bone by means of the 
"stylo-mastoid foramen"; 4, the large petrosal nerve, escaping into the cavity of the 
cranium by means of the " hiatus Fallopii " ; 5, the small petrosal nerve, escaping into 
the cavity of the cranium by a foramen of its own; 6, the " foramen basis cvanii" 
affording passage for the largo petrosal nerve out of the cranium ; 7, the " foramen 
ovale," affording passage for the small petrosal nerve out of the cranium, and thus 
to the otic ganglion ; 8, a filament from the carotid plexus of the sympathetic nerve, 
joining the large petrosal nerve to form the Vidian nerve ; 9, the Vidian canal, trans
mitting the Vidian nerve to Meckel's ganglion, B ; 10, the Vidian nerve. 

muscles is supplied by the same nerve as the muscles them

selves. 

The communication between the facial nerve and the 

1 The stapedius. 2 Hilton, "Rest and Pain." See also page 12 of this volume. 



COMMCXICATIOXS OF FACIAL XERVE. I N 

pneumogastric m i g h t a t f i r s t s e em, t o t h e c a s u a l r e a d e r , o n e 

o f a c c i d e n t , r a t h e r t h a n o f d e s i g n , o n t h e p a r t o f t h e C r e a t o r ; 

b u t , w h e n w e c o n s i d e r h o w i n t i m a t e l y t h e respiratory f u n c 

tions a n d t h e morements of the f a c e a r e a s s o c i a t e d w i t h e a c h 

o t h e r , t h e d e s i g n a t o n c e b e c o m e s e v i d e n t . P a r a l y s i s o f t h e 

m u s c l e s w h i c h d i l a t e t h e n o s t r i l s h a s b e e n s h o w n t o h a v e a 

m a r k e d e f f e c t u p o n r e s p i r a t i o n t h r o u g h t h e n o s t r i l ; a n d , i n 

t h e h o r s e , w h i c h c a n o n l y b r e a t h e t h r o u g h t h e nose , t h e e f f e c t 

o f d i v i s i o n o f b o t h o f t h e f a c i a l n e r v e s i s t o p r o d u c e d e a t h 

f r o m s u f f o c a t i o n , s i n c e t h e n o s t r i l s c o l l a p s e . I t w a s t h i s 

s y n c h r o n i s m b e t w e e n t h e m o v e m e n t s o f t h e n o s t r i l s a n d t h e 

r e s p i r a t o r y a c t t h a t f i r s t l e d S i r C h a r l e s B e l l 1 t o r e g a r d t h e 

f a c i a l n e r v e as t h e o n e w h i c h p r e s i d e d o v e r t h e f u n c t i o n o f 

r e s p i r a t i o n , a n d i s s t i l l o f t e n c a l l e d o n e o f t h e "respiratory 

nerves of Bell." 
A case i s r e p o r t e d b y t h i s f a m o u s i n v e s t i g a t o r w h e r e a 

p a t i e n t , a f f l i c t e d w i t h u n i l a t e r a l f a c i a l p a r a l y s i s , w a s o b l i g e d 

t o l i e u p o n t h e s o u n d s i d e , a n d t o h o l d t h e p a r a l y z e d n o s t r i l 

o p e n w i t h t h e f i n g e r s , i n o r d e r t o b r e a t h e w i t h c o m f o r t . 2 

T h e d i s t r i b u t i o n o f t h e f a c i a l n e r v e t o t h e muscles of the 

nose c r e a t e s a n i m p a i r m e n t o f t h e sense of smelt; w h e n t h a t 

n e r v e i s i n j u r e d , s i n c e t h e f r e e e n t r a n c e o f a i r i s i n t e r f e r e d 

w i t h . T h e a c t o f s n i f f i n g , w h i c h r e q u i r e s f o r i t s c o m p l e t e 

p e r f o r m a n c e a d i l a t e d n o s t r i l , i s r e n d e r e d a l m o s t i f n o t q u i t e 

i m p o s s i b l e , a n d t h u s a c o n t a c t o f o d o r i f e r o u s s u b s t a n c e s w i t h 

t h e m u c o u s m e m b r a n e o f t h e u p p e r n a s a l c h a m b e r s i s m e 

c h a n i c a l l y i n t e r f e r e d w i t h , a n d a c u t e p e r c e p t i o n o f s m e l l e m 

b a r r a s s e d . 

BRANCHES OF DISTRIBUTION OF TnE FACIAL NERVE. 

T h e m o t o r b r a n c h e s o f t h e f a c i a l t o t h e muscles of the ear 

a r e o f m o r e i m p o r t a n c e i n a n i m a l s t h a n i n m a n , s i n c e t h e ea r 

i n t h e a n i m a l b e c o m e s c a p a b l e o f p e r c e i v i n g s o u n d w i t h a c u t e 

ness o n l v b v a c h a n g e i n i t s r e l a t i v e p o s i t i o n t o t h e h e a d . 

T h e stylo-hyoid a n d t h e posterior belly of the digastric 

m u s c l e s e x h i b i t a g a i n t h e i n f l u e n c e o f t h e f a c i a l n e r v e u p o n 

1 " Lectures on the Nerves." - Op. cit. 3 A. Flint, Jr., op. cit. 
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t h e a c t o f d e g l u t i t i o n ; a n d t h e same r e m a r k w i l l a p p l y t o t h e 

stylo-glossus m u s c l e . 

W h e n t h e f a c i a l n e r v e h a s p a s s e d t h r o u g h t h e p a r o t i d 

g l a n d , t h e t w o b r a n c h e s d i s t r i b u t e d t o t h e f a c e , v i z . , t h e tem-

poro-facial a n d t h e cervico-facial, b e c o m e n o t o n l y m o t o r i n 

t h e i r f u n c t i o n , b u t a re a l so s u p p l i e d w i t h s e n s o r y filaments 

f r o m t h e i r c o m m u n i c a t i o n w i t h o t h e r n e r v e s ; so t h a t s o m e o f 

t h e i r t e r m i n a l filaments a r e d i s t r i b u t e d t o t h e i n t e g u m e n t o f 

t h e f a c e , as w e l l as t h o s e d e r i v e d f r o m t h e fifth cranial nerve, 

w h i c h w o u l d n o t be t h e case w e r e t h e n e r v e n o t so s u p p l i e d 

w i t h s e n s o r y n e r v e fibers. 

T h e filament o f t h e f a c i a l n e r v e w h i c h s u p p l i e s t h e platys-

ma muscle a f f o r d s a b e a u t i f u l e x a m p l e o f t h e f a c t t h a t t h e 

n e r v o u s s u p p l y o f t h e g e n e r a l m u s c u l a r s y s t e m , i f c a r e f u l l y 

s t u d i e d , c o n s t a n t l y t eaches u s p o i n t s o f g r e a t p h y s i o l o g i c a l 

v a l u e as t o t h e f u n c t i o n o f i n d i v i d u a l m u s c l e s , s ince , i n t h e 

e x p r e s s i o n o f melancholy,1 a n d i n t h e t y p i c a l c o u n t e n a n c e o f 

thoracic a n d abdominal d iseases , 2 t h e p l a t y s m a m u s c l e p l a y s a 

m o s t i m p o r t a n t p a r t , a n d i s t h e r e f o r e s u p p l i e d b y t h e n e r v e 

o f e x p r e s s i o n . 

A g a i n , t h e m u s c l e s o f t h e region of the mouth a r e i m p o r 

t a n t a g e n t s i n t h e p r e h e n s i o n o f f o o d ( e s p e c i a l l y so i n a n i m a l s , 

w h o o f t e n c a n n o t ea t w h e n t h e l i p s a r e p a r a l y z e d ) , a n d s h o u l d 

p r o p e r l y be , i n some w a y , c o n n e c t e d w i t h t h e m u s c l e s o f m a s 

t i c a t i o n ( c h i e f l y s u p p l i e d b y t h e fifth n e r v e ) , a n d t h o s e o f 

d e g l u t i t i o n ( s u p p l i e d b y t h e f a c i a l a n d t h e g l o s s o - p h a r y n g e a l 

n e r v e s ) ; hence , t h e f a c i a l n e r v e i s a f f o r d e d c o m m u n i c a t i n g 

b r a n c h e s w i t h b o t h the fifth a n d t h e glosso-pharyngeal ne rves . 

O n e o f t h e m u s c l e s o f t h e f a c e , t h e buccinator, w h i c h i s 

s u p p l i e d e x c l u s i v e l y b y t h e f a c i a l n e r v e , p l a y s a m o s t i m p o r 

t a n t p a r t i n mastication as w e l l as i n e x p r e s s i o n ; hence , w h e n 

t h e f a c i a l n e r v e i s p a r a l y z e d , t h e c h e e k c a n n o l o n g e r f o r c e 

t h e f o o d b e t w e e n t h e t e e t h , a n d a t e n d e n c y t o w a r d a c c u m u l a 

t i o n o f f o o d w i t h i n t h e c h e e k o f t h e a f f e c t e d s i d e b e c o m e s so 
1 Carpenter, op. cit. 
2 Sir Charles Bell, " Anatomy of Expression." See, also, article by the author, " The 

Human Face; its Modifications in Health and Disease, etc.," " New York Med. Jour.," 
September, 1880. 
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d i s t r e s s i n g t o t h e p a t i e n t t h a t t h e fingers a r e f r e q u e n t l y e m 

p l o y e d , d u r i n g a t t e m p t s a t m a s t i c a t i o n o f t h e b o l u s , t o f o r c e 

t h e f o o d b e t w e e n t h e j a w s b y p r e s s u r e u p o n t h e e x t e r n a l p o r 

t i o n o f t h e f a c e . 1 

T h e v a l u e o f t h i s m u s c l e i n expression i s m a d e m a n i f e s t i n 

t h o s e a c t s w h e r e t h e c h e e k i s e i t h e r i n f l a t e d w i t h a i r , o r w h e r e 

i t i s d r a w n i n w a r d , t h u s i n d i c a t i n g t h e s t a t e s o f e m a c i a 

t i o n o r e x t r e m e h u n g e r . M u c h o f t h e success o f a c o m e d i a n 

o f t e n d e p e n d s u p o n t h e c o n t r o l w h i c h h e possesses o v e r t h e 

b u c c i n a t o r m u s c l e . W h e n the facial nerve u p o n both sides i s 

p a r a l y z e d , m a s t i c a t i o n i s a l m o s t as m u c h i m p a i r e d ( o n a c c o u n t 

o f t h e b u c c i n a t o r m u s c l e s ) as i f t h e inferior maxillary n e r v e 

w a s d e s t r o y e d . 

T h e flaccidity o f t h e b u c c i n a t o r m u s c l e i n " B e l l ' s p a r a l y 

s i s " a c c o u n t s f o r t h e p e c u l i a r p u f f i n g movement o f t h e c h e e k 

w h i c h a c c o m p a n i e s e a c h a c t o f expiration, g i v i n g t o t h e f a c e 

a n a p p e a r a n c e s i m i l a r t o t h a t n o t i c e d w h e n p u f f i n g o f a p i p e 

i s a t t e m p t e d ; w h i l e , i n t h o s e r a r e cases w h e r e t h e f a c i a l n e r v e 

i s p a r a l y z e d u p o n b o t h s ides , t h e f a c e a s s u m e s a c o n d i t i o n 

w h i c h i s r e m a r k a b l e f o r t h e e n t i r e a b s e n c e o f e x p r e s s i o n , a n d 

w h i c h c a n o n l y b e c o m p a r e d t o t h e e f f e c t o f c o v e r i n g i t w i t h a 

m a s k . 

M a n y o f t h e m u s c l e s o f t h e f a c e a r e o f v a l u e as guides in 

diagnosis, s i n c e , i n c e r t a i n t y p e s o f d i sease , s o m e p a r t s o f 

t h e f a c e a r e m o r e a f f e c t e d t h a n o t h e r s . 2 T h i s s u b j e c t , h o w 

eve r , i s t o o c o m p l i c a t e d t o b e h a s t i l y r e v i e w e d , a n d i t h a s s u f f i 

c i e n t v a l u e t o m e r i t i t s s p e c i a l c o n s i d e r a t i o n . 

I t m a y b e p e r c e i v e d , b y r e f e r e n c e t o t h e d i a g r a m m a t i c r e p 

r e s e n t a t i o n o f t h e b r a n c h e s o f t h e f a c i a l n e r v e , t h a t t h e tem-

porofacial b r a n c h a n i m a t e s a l l o f t h e m u s c l e s o f t h e u p p e r 

p a r t o f t h e f a c e , w h i l e t h e cerrico-facial b r a n c h s u p p l i e s t h e 

l o w e r r e g i o n o f t h e f a c e a n d p o r t i o n s o f t h e n e c k . 3 T h i s e x 

p l a i n s Avhy , a f t e r t h e temporofacial b r a n c h h a s b e e n d i v i d e d , 

1 A. Flint, Jr., op. cit. 
See article by the author on ''The Human Face; its Modifications in Health and 

Disease, and its Value as a Guide in Diagnosis:" "New York Med. Jour.,"' December, 
1880. 

3 Sec page 179 of this volume. 
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as has o c c u r r e d i n o p e r a t i o n s u p o n t h e c h e e k , t h e eye stands 

wide open e v e n d u r i n g s l e e p ; t h e lower lid becomes everted 

f r o m t r a c t i o n o f t h e p a r t s b e l o w , a n d a l so f r o m t h e e f f e c t o f 

g r a v i t y ; t h e o c c i p i t o - f r o n t a l i s a n d c o r r u g a t o r s u p e r c i l i i c a n 

n o l o n g e r m a k e e i t h e r t r a n s v e r s e o r p e r p e n d i c u l a r w r i n k l e s 

u p o n t h e f o r e h e a d ; a n d t h e u p p e r p o r t i o n o f t h e f a c e i s ab 

n o r m a l l y s m o o t h a n d p a s s i v e , w h i l e t h e l o w e r p o r t i o n p r e 

serves a l l i t s n o r m a l p o w e r o f m o v e m e n t . 

S h o u l d t h e cervico-facial b r a n c h b e c o m e a l o n e i m p a i r e d , 

t h e p o w e r o f p r e h e n s i o n o f f o o d b y t h e l i p s i s a r r e s t e d , t h e 

a c t i o n o f t h e b u c c i n a t o r i n m a s t i c a t i o n i s s t o p p e d , a n d t h a t 

p roces s i s p r o p o r t i o n a t e l y i n t e r f e r e d w i t h ; t h e digastric a n d 

stylo-hyoid muscles a re , h o w e v e r , n o t p a r a l y z e d , s i nce t h e 

s p e c i a l b r a n c h e s t o t h o s e m u s c l e s a re g i v e n o f f a b o v e t h e o r i 

g i n o f t h i s b r a n c h , a n d t h u s d e g l u t i t i o n i s n o t e m b a r r a s s e d . 

CLINICAL POINTS AFFORDED BY THE FACIAL NERVE. 

T h e diseases w h i c h a f f e c t t h e f a c i a l n e r v e m a y p r o d u c e 

t h e d i f f e r e n t v a r i e t i e s o f facial spasm a n d paralysis; t h e 

f o r m e r b e i n g t h e r e s u l t o f s o m e l e s i o n w h i c h c rea tes s i m p l y 

i r r i t a t i o n , w h i l e t h e l a t t e r i n d i c a t e s s o m e e x i s t i n g p r e s s u r e o r 

d e g e n e r a t i o n , w h i c h i m p e d e s t h e f r e e a c t i o n o f t h e n e r v e . 

SPASM OF THE MUSCLES OF THE FACE. 

I n a c lass o f cases, b y n o m e a n s i n f r e q u e n t , f a c i a l s p a s m i s 

p e r c e i v e d , t o a g r e a t e r o r less deg ree , as t h e r e s u l t o f some 

cause o f i r r i t a t i o n t o t h e n e r v e f i l a m e n t s o f t h e t r u n k o f t h e 

f a c i a l n e r v e , o r t o s o m e o f i t s b r a n c h e s . T h e s e m i m i c spasms, 

o r " c o n v u l s i v e t i c , " a r e d e p e n d e n t u p o n a n h e r e d i t a r y t e n 

d e n c y , i n s o m e i n s t a n c e s ; s i nce r e p o r t e d cases e x i s t w h e r e 

t h e s e c o n d g e n e r a t i o n , a n d e v e n t h e t h i r d , h a s m a n i f e s t e d t h e 

s y m p t o m s o f f a c i a l s p a s m . W e a l so m e e t t h i s c o n d i t i o n as a n 

a c c o m p a n i m e n t o f e p i l e p s y , e c l a m p s i a , h y s t e r i a , t e t a n u s , a n d 

c h o r e a ; a g a i n , i n c e r t a i n m e n t a l diseases, w h e r e t h e b r a i n o r 

i t s i n v e s t i n g m e m b r a n e s a r e a f f e c t e d ; a n d , f i n a l l y , w e see i t 

d e v e l o p e d u n d e r e x t r a o r d i n a r y p e r i o d s o f e x c i t e m e n t . 

Cases a r e o n r e c o r d w h e r e s i m p l e e x p o s u r e , w o u n d s o f t h e 
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f a c e , a n d p r e s s u r e u p o n t h e p e r i p h e r a l f i l a m e n t s o f t h e f a c i a l 

n e r v e h a v e r e s u l t e d i n f a c i a l s p a s m . P e r h a p s t h i s c o n d i t i o n 

i s m o s t f r e q u e n t l y m e t w i t h as a n e v i d e n c e o f s o m e reflex act, 

e x c i t e d t h r o u g h s o m e o t h e r c r a n i a l n e r v e s ; h e n c e w e f i n d i t 

a s s o c i a t e d w i t h s u c h causes o f i r r i t a t i o n as c a r i e s o f t h e t e e t h , 

p e r i o s t i t i s , i n f l a m m a t o r y a f f e c t i o n s o f t h e e y e b a l l , l i d s , o r c o n 

j u n c t i v a . R e m a k r e p o r t s a case w h e r e a d i s e a s e d c o n d i t i o n 

o f t h e b r a c h i a l p l e x u s c a u s e d s p a s m s t o s t a r t i n t h e h a n d a n d 

p r o g r e s s a l o n g t h e s i d e o f t h e n e c k t o t h e f a c e , a g a i n i l l u s 

t r a t i n g t h e r e f l e x c h a r a c t e r o f t h e d i sease . 

I t i s s u c h cases as t h e s e l a t t e r t h a t o f t e n t e s t t h e a n a 

t o m i c a l k n o w l e d g e o f t h e d i a g n o s t i c i a n , s i n c e a c o m m a n d o f 

t h e v a r i o u s a n a s t o m o s e s o f n e r v e s o f t e n e n a b l e s t h e s k i l l e d 

a n a t o m i s t t o d e t e c t t h e seat o f i r r i t a t i o n f a r f r o m t h e a p p a r e n t 

sea t o f d i sease , a n d t h u s t o o b v i a t e a d i s t r e s s i n g c o n d i t i o n b y 

s o m e s i m p l e m e d i c i n a l o r s u r g i c a l r e m e d y . 

T h e s p a s m s o f t h e f a c i a l m u s c l e s m a y a s s u m e e i t h e r t h e 

tonic o r clonic c h a r a c t e r . T h e f o r m e r v a r i e t y i s o b s e r v e d i n 

s u c h c o n d i t i o n s as t e t a n u s , t h e l a t e r i g i d i t y o f p a r a l y z e d m u s 

c les , a n d t h e i r r i t a t i o n f o l l o w i n g u p o n seve re e x p o s u r e a n d 

t o o i n t e n s e f a r a d i z a t i o n ; w h i l e t h e l a t t e r a r e t h e m o s t c o m 

m o n , a n d r e s u l t i n t h o s e c o n v u l s i v e t w i t c h i n g s o f t h e f o r e h e a d , 

eyes , e y e l i d s , nose , m o u t h , c h e e k s , a n d t o n g u e , w h i c h p r o 

d u c e t h e m o s t e x t r e m e a n d o f t e n l u d i c r o u s d i s t o r t i o n o f t h e 

f e a t u r e s . I h a v e k n o w n s u c h c l o n i c s p a s m s o f t h e f a c e t o 

b e p r o d u c e d b y t h e i r r i t a t i o n o f w o r m s i n t h e i n t e s t i n e i n 

c h i l d r e n , a n d , i n o n e case, t o f o l l o w u t e r i n e d i sease i n a n 

a d u l t . A p e c u l i a r i t y o f t h e s e s p a s m s i s , t h a t c e r t a i n m u s c l e s 

s e e m t o c o n t r a c t i n a r e g u l a r s e q u e n c e o r r h y t h m , a n d t h a t , 

a l t h o u g h t h e c o n t r a c t i o n m a y b e p r o l o n g e d a n d severe , n o 

f a t i g u e i s u s u a l l y c o m p l a i n e d o f b y t h e p a t i e n t . 

PARALYSIS OF THE MUSCLES OF TnE FACE. 

T h e g e n e r a l a p p e a r a n c e o f a s u f f e r e r f r o m a w e l l - m a r k e d 

a t t a c k o f " B e l l ' s p a r a l y s i s " h a s a l r e a d y b e e n d e p i c t e d i n a 

c u t , 1 a n d d e s c r i b e d i n t h e p r e c e d i n g t e x t , u n d e r t h e e f f e c t s 
1 See page 181 of this volume. 



192 THE CRANIAL NERVES. 

o f s e c t i o n o f t h e f a c i a l n e r v e ; b u t m a n y p o i n t s o f p r a c t i c a l 

v a l u e p e r t a i n t o t h i s c o n d i t i o n w h i c h h a v e n o t as. y e t b e e n 

m e n t i o n e d , a n d w h i c h h e l p g r e a t l y i n m a k i n g a d i a g n o s i s as 

t o t h e e x c i t i n g cause a n d t h e seat o f t h e e x i s t i n g l e s i o n . T h e 

s y m p t o m s p r o d u c e d b y a n y i m p a i r m e n t t o t h e f r e e a c t i o n o f 

t h e f a c i a l n e r v e v a r y t o a m a r k e d e x t e n t w i t h t h e d e g r e e o f 

t h e p a r a l y s i s , a n d t h e i n d i v i d u a l b r a n c h e s w h i c h m a y b e i n 

v o l v e d ; a n d d i s t i n c t i o n s b e t w e e n t h e v a r i o u s f o r m s o f f a c i a l 

p a r a l y s i s , m e t w i t h i n a l a r g e c l i n i c a l field, h a v e b e e n d e v e l 

o p e d , b y t h e i n v e s t i g a t i o n s o f R o m b e r g , f r o m t h o s e g e n e r a l 

p r o p o s i t i o n s first a d v a n c e d b y B e l l . 

I n s t u d y i n g t h e t y p e s o f f a c i a l p a r a l y s i s , w e m a y s t a r t 

w i t h a d v a n t a g e b y r e v i e w i n g t h e d i f f e r e n t g r o u p s w h i c h a re 

c l i n i c a l l y r e c o g n i z e d . T h e s e m a y b e e n u m e r a t e d as t h e intra

cranial ; t h e auditory ( w h e r e t h e e x i s t i n g l e s i o n i s c o n f i n e d 

t o t h e i n t e r i o r p a r t s o f t h e t e m p o r a l b o n e ) ; t h e rheumatic; 

t h e traumatic; t h e syphilitic ; a n d , finally, t h e diphtheritic 

f o r m . W e m a y a l so h a v e t h e p a r a l y s i s c o n f i n e d t o o n e s ide 

o f t h e f a c e , t h e unilateral, o r , a f f e c t i n g b o t h s ides o f t h e 

f a c e , t h e bilateral, o r facial diplegia. 

I n t h e intra-cranial f o r m o f f a c i a l p a r a l y s i s , t h e l e s i o n o f 

t h e b r a i n i s u s u a l l y c o n f i n e d e i t h e r t o t h e base, o r t o t h e p o n s 

V a r o l i i . I f t h e p o n s V a r o l i i i s a f f e c t e d , t h e f a c i a l n e r v e w i l l 

n o t be a l o n e i n v o l v e d , as a r u l e , b u t a p a r t i a l o r c o m p l e t e 

h e m i p l e g i a w i l l u s u a l l y e x i s t , w h i c h w i l l be o n t h e s ame s ide 

o f t h e b o d y as t h e f a c i a l p a r a l y s i s , p r o v i d e d t h e u p p e r ( a n 

t e r i o r ) h a l f o f t h e p o n s i s t h e seat o f d isease , b u t o n t h e s ide 

o p p o s i t e t o t h e f a c i a l p a r a l y s i s ( c r o s s e d p a r a l y s i s 1 ) , i f t h e 

l o w e r ( p o s t e r i o r ) p a r t o f t h e p o n s i s a f f e c t e d . T h e r e i s , p e r 

h a p s , n o p o i n t i n t h e a n a t o m y o f t h e e n c e p h a l o n w h i c h i s o f 

m o r e c e r t a i n v a l u e t o t h e d i a g n o s t i c i a n t h a n t h e f a c t , first 

p o i n t e d o u t b y G u b l e r , t h a t a l i n e d r a w n t r a n s v e r s e l y across 

t h e p o n s V a r o l i i a t t h e . p o i n t s o f escape o f t h e t r i g e m i n i 

m a r k e d t h e s p o t o f p r o b a b l e d e c u s s a t i o n o f fibers o f t h e f a c i a l 

n e r v e ; so t h a t , i f a l e s i o n b e a n t e r i o r t o t h i s l i n e , t h e f a c i a l 

1 For definition of this term and the various types met with, see page 59 of this 
volume. 
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p a r a l y s i s w i l l c o r r e s p o n d t o t h e h e m i p l e g i a , b u t , i f b e h i n d 

t h a t l i n e , t h e c o n d i t i o n o f " ' c r o s s e d p a r a l y s i s " o f t h e f a c i a l 

a n d b o d y t y p e w i l l b e p r o d u c e d . A p o i n t o f s o m e d i a g n o s t i c 

v a l u e i n t h e d e t e c t i o n o f i n t r a - c r a n i a l l e s i o n s , b y m e a n s o f 

t h e f a c i a l n e r v e , i s a f f o r d e d b y t h e d e g r e e o f t h e f a c i a l p a r a l y 

s is , s i n c e i t i s u s u a l l y c o m p l e t e i f c a u s e d b y l e s i o n s o f t h e 

p o n s V a r o l i i o r b y t h e p r e s s u r e o f t u m o r s o f t h e base o f t h e 
c e r e b r u m . 

T h e second f o r m o f f a c i a l p a r a l y s i s , v i z . , t h a t d e p e n d e n t 

u p o n s o m e abnormal condition tcithin the temporal bone, 

i s l i a b l e t o f o l l o w s u p p u r a t i o n o r h a e m o r r h a g e w i t h i n t h e 

a q u e d u c t o f F a l l o p i u s ; s c r o f u l o u s c a r i e s o f t h e t e m p o r a l 

b o n e ; l o c a l d e g e n e r a t i o n o f t h e n e r v e w i t h i n t h e a q u e d u c t 

o f F a l l o p i u s ; l o c a l p r e s s u r e u p o n t h e n e r v e f r o m t u m o r s , 

e t c . ; a n d t r a u m a t i s m s o f a l l k i n d s , o f s u f f i c i e n t i n t e n s i t y t o 

i n j u r e t h e d e e p e r p a r t s o r t o d i r e c t l y i n v o l v e t h e n e r v e 

i t s e l f . 

I f y o u w i l l r e c a l l t h e a n a t o m y o f t h e f a c i a l n e r v e w i t h i n 

t h e a q u e d u c t o f F a l l o p i u s , a n d t h e b r a n c h e s w h i c h a r e g i v e n 

o f f i n t h a t c a n a l , y o u w i l l b e b e t t e r a b l e t o a p p r e c i a t e t h e 

p o i n t s a f f o r d e d b y t h i s a n a t o m i c a l k n o w l e d g e i n t h e d i a g 

n o s i s o f t h e sea t o f a l e s i o n w h i c h i s c a u s i n g f a c i a l p a r a l y 

s i s . " W e h a v e a l r e a d y , i n c o n n e c t i o n w i t h t h e e f f e c t s o f 

s e c t i o n o f t h e f a c i a l n e r v e , m e n t i o n e d t h e f a c i a l d e f o r m i t y 

w h i c h e n s u e s ; a n d t h e s a m e d e s c r i p t i o n w i l l a n s w e r f o r t h e 

e f f e c t s o f d i s e a s e o f t h e n e r v e , o r p r e s s u r e u p o n i t , a f t e r i t 

h a s e s c a p e d f r o m t h e s t y l o - m a s t o i d f o r a m e n . B u t t h e s y m p 

t o m s t o w h i c h I n o w p r o p o s e t o c a l l y o u r a t t e n t i o n a r e n o t 

i n c l u d e d i n t h a t d e s c r i p t i o n , s i n c e t h e y a r e d u e t o b r a n c h e s 

w h i c h a r e g i v e n o f f b y t h e f a c i a l n e r v e b e f o r e i t escapes f r o m 

t h e t e m p o r a l b o n e ; a l t h o u g h t h e s a m e f a c i a l d e f o r m i t y , a n d 

a l l t h e e v i d e n c e s o f i m p a i r m e n t o f t h e n e r v e o n t h e d i s t a l 

s i d e o f t h e s t y l o - m a s t o i d f o r a m e n , w i l l , o f n e c e s s i t y , b e a l s o 

p r e s e n t . 

I f t h e l e s i o n b e s i t u a t e d a b o v e t h e p o i n t o f o r i g i n o f t h e 

c h o r d a t y m p a n i , b u t o n t h e d i s t a l s i d e o f t h e p e t r o s a l n e r v e s , 

t h e sense of taste w i l l p r o b a b l y b e a f f e c t e d o n t h e c o r r e s p o n d -
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l u g s i d e o f t h e a n t e r i o r t w o t h i r d s o f t h e t o n g u e ; 1 b u t t h e 

sense o f t a s t e i s n o t , as a r u l e , a b o l i s h e d , a l t h o u g h i t i s 

g r e a t l y d i m i n i s h e d i n acu teness . H o w t h i s n e r v e a f f e c t s t h e 

sense o f t a s t e , a n d t h e v a r i o u s e x p e r i m e n t s w h i c h h a v e b e e n 

r e c o r d e d c o n c e r n i n g i t , w i l l b e f o u n d b y r e f e r e n c e t o p r e c e d 

i n g p a g e s . 2 

I f t h e l e s i o n o f t h e f a c i a l n e r v e be s i t u a t e d b e h i n d t h e 

g a n g l i o n i c e n l a r g e m e n t f r o m w h i c h t h e t h r e e p e t r o s a l n e r v e s 

a r i se , t h e p a t i e n t w i l l r e v e a l a d e p r e s s i o n o f t h e arch of the 

palate u p o n t h e a f f e c t e d s i d e ; t h u s , i t w i l l b e seen t o h a n g 

l o w e r t h a n t h e h e a l t h y s ide , a n d t o a p p r o a c h a s t r a i g h t l i n e 

a l o n g i t s f r e e edge , r a t h e r t h a n t h a t o f a m a r k e d c u r v e , as i n 

h e a l t h . T h i s i s d u e t o t h e p a r a l y s i s o f t h e l e v a t o r p a l a t i 

m u s c l e , w h i c h i s s u p p l i e d w i t h m o t o r p o w e r f r o m M e c k e l ' s 

g a n g l i o n , t h r o u g h t h e l a r g e p e t r o s a l n e r v e . I n a d d i t i o n t o 

t h i s d e f o r m i t y , t h e soft palate is drawn toward the unaffected 

side b y t h e t e n s o r t y m p a n i m u s c l e , s i nce t h e s ame m u s c l e 

o f t h e p a r a l y z e d s i d e i s n o l o n g e r c a p a b l e o f a c t i n g , as i t i s 

s u p p l i e d b y t h e s m a l l p e t r o s a l n e r v e . T h e d i s t r i b u t i o n o f t h e 

s m a l l p e t r o s a l n e r v e t o t h e o t i c g a n g l i o n s t i l l f u r t h e r e x p l a i n s 

w h y , i n t h i s t y p e o f cases, t h e secretion o f the, parotid gland 

o f t h e a f f e c t e d s i d e i s d i m i n i s h e d ; w h i l e t h e i n t i m a t e asso

c i a t i o n o f t h e c h o r d a t y m p a n i n e r v e w i t h t h e submaxillary 

gland a c c o u n t s f o r d e f i c i e n t s e c r e t i o n f r o m t h a t s o u r c e . 

I t h a s b e e n o b s e r v e d t h a t t h e sense of hearing becomes ex

cessively acute, w h e n t h e f a c i a l n e r v e i s a f f e c t e d o n t h e p r o x i 

m a l s i d e o f t h e p o i n t o f o r i g i n o f t h e p e t r o s a l n e r v e s . T h i s 

m a y p o s s i b l y be d u e t o t h e p a r a l y s i s o f t h e t e n s o r t y m p a n i 

m u s c l e , as s u g g e s t e d b y L a n d o u z y , s i nce t h a t m u s c l e i s s u p 

p l i e d w i t h m o t o r p o w e r b y a filament d e r i v e d f r o m t h e o t i c 

g a n g l i o n ; a l t h o u g h t h e i n v e s t i g a t i o n s o f B r o w n - S e q u a r d seem 

t o p o i n t t o a v a s o - m o t o r s p a s m o f t h e i n t e r n a l ear, r e s u l t i n g 

i n a c o n d i t i o n o f h y p e r e s t h e s i a o f t h e a c o u s t i c n e r v e . 

T h e t h i r d f o r m o f f a c i a l p a r a l y s i s o c c u r s i n c o n n e c t i o n 
1 The reader is referred to those pages in which the gustatory branch of the fifth 

nerve is discussed, since authorities differ as to the value and interpretation of this symp
tom. 

2 See page 160 of this volume. 
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with tli£ rheumatic diathesis. It is well known that the in

fluence o f c o l d , w h i c h i s p a r t i c u l a r l y l i a b l e t o f a v o r r h e u 

m a t i c m a n i f e s t a t i o n s , i s m o r e k e e n l y f e l t i n t h e r e g i o n o f t h e 

c h e e k a n d e y e l i d s , as s h o w n b y W e b e r ; a n d t h e e x p e r i m e n t s 

o f W a c h s m u t h , ' u p o n t h e e f f e c t o f c o l d u p o n t h e v a s o - m o t o r 

fibers i n f h e r e g i o n o f t h e s t y l o - m a s t o i d f o r a m e n , a l s o p o i n t 

t o t h e r e t a r d a t i o n , o r , p o s s i b l y , t h e e n t i r e s u p p r e s s i o n , o f t h e 

b l o o d s u p p l y t o t h e f a c i a l n e r v e , as t h e e x p l a n a t i o n o f t h i s 

t y p e o f p a r a l y s i s . A m i l d f o r m o f p e r i o s t i t i s i n t h e b o n y 

c a n a l s , t h r o u g h w h i c h t h e d i f f e r e n t b r a n c h e s o f t h e f a c i a l 

n e r v e pass , m a y a l s o o c c u r i n t h e r h e u m a t i c t y p e as a n e x c i t 
i n g c a u s e . 

T h e traumatic types o f f a c i a l p a r a l y s i s m a y i n v o l v e t h e 

e n t i r e n e r v e o r o n l y i n d i v i d u a l b r a n c h e s . I t s s y m p t o m s , 

t h e r e f o r e , s o m e w h a t d e p e n d u p o n t h e s i t u a t i o n a n d e x t e n t o f 

t h e i n j u r y . I t h a s b e e n k n o w n t o f o l l o w seve re c o n t u s i o n s o f 

t h e f a c e , c h e e k , o r n e c k , i n c i s i o n s m a d e b y t h e s u r g e o n , s a b e r 

c u t s a n d g u n s h o t w o u n d s , t h e c o m p r e s s i o n e x e r t e d b y t h e 

f o r c e p s d u r i n g d e l i v e r y , t h e p r e s s u r e o f g r o w i n g t u m o r s , s u p 

p u r a t i o n w i t h i n t h e p a r o t i d g l a n d o r l y m p h a t i c s o f t h a t 

r e g i o n , a n d t h e p r e s s u r e c a u s e d b y e x t e n s i v e o r d e e p c i c a 

t r i c e s . T h i s t y p e o f p a r a l y s i s i s o f t e n e x t r e m e l y o b s t i n a t e 

a n d o f l o n g d u r a t i o n , a n d m a y b e p e r m a n e n t ; s i n c e t h e n e r v e 

m a y h a v e u n d e r g o n e c h a n g e s i n i t s s t r u c t u r e o r t h e m u s c l e s 

m a y h a v e b e c o m e i m p a i r e d . 

I n syphilis, f a c i a l p a r a l y s i s i s s o m e t i m e s d e v e l o p e d . I t 

m a y t h u s i n d i c a t e t h e f o r m a t i o n o f i n t r a - c r a n i a l t u m o r s o r 

m e n i n g e a l e x u d a t i o n s , w h i c h e i t h e r p r e s s u p o n t h e n e r v e 

t r u n k o r i n t e r f e r e w i t h i t s fibers o f o r i g i n . I t m a y a l s o b e a n 

e v i d e n c e o f e x t r a - c r a n i a l l e s i o n s , s u c h as p e r i o s t i t i s o f t h e 

m a s t o i d r e g i o n , t u m o r s o f t h e f a c i a l o r c r a n i a l b o n e s , o r s u p 

p u r a t i o n d e p e n d e n t u p o n c a r i e s o r n e c r o s i s o f t h e t e m p o r a l 

b o n e ( i f t h e e n t i r e n e r v e b e a f f e c t e d ) , o r o f s o m e o f t h e f a c i a l 

b o n e s , i f i n d i v i d u a l b r a n c h e s o n l y s h o w e v i d e n c e s o f p r e s s u r e . 

Cases a r e o n r e c o r d w h e r e t h e s y m p t o m s o f f a c i a l p a r a l y 

s i s h a v e f o l l o w e d a n a t t a c k o f diphtheria. T h i s i s b u t o n e o f 

1 As quoted by Rosenthal. 
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t h e v a r i o u s f o r m s o f p a r a l y s i s w h i c h a r e f r e q u e n t l y o b s e r v e d 

as sequela? o f t h i s p e c u l i a r b l o o d p o i s o n . 

I t m a y b e w e l l t o h a s t i l y r e v i e w t h e p r i n c i p a l c o m p l i c a 

t i o n s w h i c h a re m o § t f r e q u e n t l y o b s e r v e d i n c o n n e c t i o n w i t h 

f a c i a l p a r a l y s i s . T h e s e h a v e a s p e c i a l i m p o r t a n c e t o t h e sc i 

e n t i f i c p r a c t i t i o n e r i n e n a b l i n g h i m t o d i a g n o s e , n o f o n l y t h e 

c o n d i t i o n o f t h e p a t i e n t , b u t a l s o t h e seat o f t h e e x i s t i n g 

l e s i o n . 

W e h a v e c o n s i d e r e d t h e e f f e c t s o f l e s i o n s w i t h i n t h e a q u e 

d u c t o f F a l l o p i u s . T h e s e m a y c r ea t e ( i n a d d i t i o n t o t h o s e o f 

t h e f a c i a l m u s c l e s ) s y m p t o m s r e f e r a b l e t o t h e i m p a i r m e n t o f 

t h e c h o r d a t y m p a n i n e r v e (see p a g e 193) , o f t h e p e t r o s a l n e r v e s 

(see p a g e 194), a c o u s t i c m a n i f e s t a t i o n s , o r a n e f f e c t u p o n t h e 

s a l i v a r y s e c r e t i o n s . 

I n t r a - c r a n i a l l e s i o n s u s u a l l y cause d e s t r u c t i o n o f t h e m o 

t o r p o w e r o f t h e e n t i r e n e r v e , a n d , t h e r e f o r e , o f a l l o f i t s 

b r a n c h e s ; h e n c e , w e a r e l i a b l e t o h a v e a l l o f t h e p r e v i o u s 

s y m p t o m s p r e s e n t , as w e l l as t h o s e o f f a c i a l d e f o r m i t y . 

S p e c i a l b r a n c h e s o f t h e n e r v e m a y b e i n d i v i d u a l l y p a r a 

l y z e d , a n d t h u s p r o d u c e s y m p t o m s r e f e r a b l e o n l y t o t h o s e 

p a r t s i n w h i c h t h e m o t o r p o w e r i s d e f i c i e n t . T h e a n a t o m y o f 

t h e s e p a r a t e b r a n c h e s , as s h o w n i n t h e c u t s o n p r e v i o u s 

pages , w i l l h e l p y o u t o u n d e r s t a n d t h e s p e c i a l s y m p t o m s 

w h i c h a n i m p a i r m e n t o f a n y o n e b r a n c h w o u l d p r o d u c e . 

T h e c o n d i t i o n o f bilateral facial paralysis, o r " f a c i a l 

diplegia," i s a r a r e f o r m o f d isease . I t i m p l i e s s o m e f o r m o f 

p r e s s u r e o r d e g e n e r a t i o n , w h i c h s h a l l a f f e c t t h e n e r v e o f e a c h 

s i d e s i m u l t a n e o u s l y ; h e n c e i t m a y a c c o m p a n y a l e s i o n s i t u 

a t e d i n t h e a n t e r i o r h a l f o f t h e p o n s , w h i c h crosses t h e m e d i a n 

l i n e ; a n e x o s t o s i s o f t h e i n t e r i o r s u r f a c e o f t h e b a s i l a r p rocess 

o f t h e o c c i p i t a l b o n e ; a n i n t r a - c r a n i a l a n e u r i s m ; a n d t h e p res 

ence o f e x c e s s i v e m e n i n g e a l e x u d a t i o n a t t h e base o f t h e b r a i n . 

I t s o m e t i m e s a c c o m p a n i e s t h e c o n d i t i o n o f l a b i o - g l o s s o - p h a -

r y n g e a l p a r a l y s i s ( D u c h e n n e ' s d isease) , p r o v i d e d t h e l e s i o n e x 

t e n d s so as t o i n v o l v e t h e n u c l e i o f o r i g i n o f t h e f a c i a l n e r v e s ; 

a n d i s o c c a s i o n a l l y m e t w i t h i n t h e c o u r s e o f c e r t a i n c h r o n i c 

c e r e b r a l d iseases . J a c c o u d c l a i m s t h a t t h e s p o n t a n e o u s a t r o -
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p h y o f b o t h f a c i a l n e r v e s c a n o c c u r w i t h o u t a n e x c i t i n g c a u s e 

o f a l o c a l c h a r a c t e r b e i n g d e t e c t e d ; a n d t h e s a m e o p i n i o n i s 

m a i n t a i n e d b y P i e r r e s o n , 1 w h o f o u n d a h y p e r p l a s i a o f t h e 

c o n n e c t i v e t i s s u e o f t h e n e r v e a n d t h e d e v e l o p m e n t o f a m y 

l o i d c o r p u s c l e s t o c o n s t i t u t e t h e p a t h o l o g i c a l c h a n g e s . 

T h i s t y p e o f p a r a l y s i s m a y b e d u e t o p e r i p h e r a l causes , 

s u c h as e x p o s u r e t o i n t e n s e c o l d , as i n s l e i g h - r i d i n g , r h e u 

m a t i c i n f l a m m a t i o n o f t h e n e r v e s , a n d d i seases o f t h e p e t r o u s 

p o r t i o n o f t h e t e m p o r a l b o n e s ( n e c r o s i s , c a r i e s , s y p h i l i t i c 

o t i t i s , s u p p u r a t i v e i n f l a m m a t i o n o f t h e m i d d l e ear , e t c . ) . 

T h e e x p e r i m e n t s o f S c h i f f u p o n a n i m a l s i n w h o m b o t h 

f a c i a l n e r v e s h a d b e e n d i v i d e d , a n d t h e i n v e s t i g a t i o n s o f T r o u s 

s e a u , W a c h s m u t h , 2 a n d D a v a i n e , h a v e h e l p e d t o c l e a r u p t h e 

e f f e c t s o f t h i s d o u b l e l e s i o n , a n d t o r e n d e r i t s d i a g n o s i s f r o m 

D u c h e n n e ' s d i s e a s e m o r e p o s i t i v e t h a n o u r p r e v i o u s k n o w l 

e d g e w o u l d p e r m i t . I n t h e h u m a n r ace , t h i s c o n d i t i o n i s 

c h a r a c t e r i z e d b y t h e f o l l o w i n g s y m p t o m s : a f i x e d a n d i m 

m o v a b l e c o u n t e n a n c e , a p e c u l i a r d r o o p i n g o f t h e a n g l e s o f t h e 

m o u t h , a c o l l a p s e d a p p e a r a n c e o f t h e n o s t r i l s d u r i n g i n s p i r a 

t i o n , a s i n k i n g i n w a r d o f t h e c h e e k s d u r i n g t h e i n s p i r a t o r y 

e f f o r t , a n d a p r o t r u s i o n o r i n f l a t i o n o f t h e c h e e k w h e n t h e a i r 

i s e x p i r e d . T h e t o n e o f t h e v o i c e b e c o m e s o f t h e m o s t d i s 

t i n c t l y n a s a l q u a l i t y , a n d t h e p a t i e n t , f r o m t h e i n a b i l i t y t o 

p r o n o u n c e t h e l a b i a l c o n s o n a n t s , i s a l m o s t u n a b l e t o m a k e t h e 

s i m p l e s t s e n t e n c e s i n t e l l i g i b l e . I n c o n s e q u e n c e o f p a r a l y s i s 

o f t h e b u c c i n a t o r m u s c l e s , w h i c h a r e s u p p l i e d b y t h e f a c i a l 

n e r v e s , t h e a c t o f m a s t i c a t i o n b e c o m e s e m b a r r a s s e d , , a n d d e 

g l u t i t i o n i s g r e a t l y i n t e r f e r e d w i t h ; h e n c e i t i s n o t u n c o m 

m o n t o see s u c h p a t i e n t s u s e t h e f i n g e r t o p u s h t h e f o o d i n t o 

t h e g r a s p o f t h e i s t h m u s o f t h e f a u c e s , so as t o s w a l l o w t h e 

b o l u s . W h e n t h e h e a d i s i n c l i n e d f o r w a r d , t h e s a l i v a r u n s 

f r o m t h e m o u t h , i n s p i t e o f a l l e f f o r t s t o p r e v e n t i t . T h e c o n 

d i t i o n o f t h e e y e s , 3 w h i c h r e m a i n w i d e o p e n o n a c c o u n t o f t h e 

1 As quoted by Rosenthal. 
2 As quoted by Hammond. 
3 In both the unilateral and bilateral forms of facial paralysis, the patient often can 

avoid the irritation of dirt and the intense light by closing the eyelids with the pressure 
of the finger, or by a strip of adhesive plaster. 

15' 
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p a r a l y s i s o f t h e o r b i c u l a r i s p a l p e b r a r u m m u s c l e s , a f f o r d s a 

m o s t i m p o r t a n t p o i n t i n t h e d i s c r i m i n a t i o n b e t w e e n t h i s d i s 

ease a n d t h e p a r a l y s i s o f D u c h e n n e . So m a r k e d i s t h i s de

f o r m i t y t h a t t h e p a t i e n t c a n n o t w i n k , a n d t h u s t h e t e a r s a r e 

n o t d i s t r i b u t e d o v e r t h e g l o b e o f t h e eye , t o w a s h o f f a n y d u s t 

w h i c h m a y e n t e r ; w h i l e , o n a c c o u n t o f t h e p a r a l y s i s o f t h e 

t e n s o r t a r s i m u s c l e , t h e t e a r s a r e n o t d r a w n i n t o t h e l a c h r y 

m a l sac, a n d t h e r e f o r e t e n d t o flow o v e r t h e c h e e k a n d c rea t e 

s c a l d i n g . 

THE AUDITORY. OR E I G H T H N E R V E . 

T h i s n e r v e i s s t r i c t l y one o f special sense, n a m e l y , t h a t o f 

hearing. I t a r i ses f r o m a gray nucleus i n t h e floor o f t h e 

f o u r t h v e n t r i c l e ( w h e r e i t s fibers f o r m t h e s o - c a l l e d " l i n e s e 

FIG. 66.—A diagram of the auditory nerve and its branches. 
1, auditory nerve, entering the meatus auditorius internus ; 2, communicating filaments to 

the facial nerve, given off in the internal auditory canal ; 3, filaments given off to 
supply the cochlea ; 4, filaments given off to supply the posterior semicircular canal; 
5, filaments given off to supply the saccule ; 6, filaments given off to supply the utri
cle ; 7, filaments given off to supply the external semicircular canal; 8, filaments given 
off to supply the ampulla; of the superior semicircular canal. 

t r a n s v e r s e " w h i c h decus sa t e i n t h e m e d i a n l i n e ) , a n d a lso , i n 

p a r t , f r o m t h e rest/form body o f t h e m e d u l l a o b l o n g a t a . I t 

i s c l a i m e d b y F o v i l l e t h a t i t s fibers m a y b e a l so t r a c e d t o t h e 

flocculus a n d t h e gray matter of the cerebellum, a n d , f r o m 

r e c e n t s t a t e m e n t s o f L o c k h a r t C l a r k e , a d d i t i o n a l fibers m a y 

b e t r a c e d f r o m t h e a u d i t o r y n u c l e u s , w h i c h pas s d i r e c t l y 

t h r o u g h t h e r e s t i f o r m b o d y o f t h e m e d u l l a . 

T h e c o u r s e o f t h e n e r v e , as f a r as t h e o r i f i c e o f t h e i n t e r n a l 
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a u d i t o r y c a n a l , l i e s p a r a l l e l w i t h t h a t o f t h e f a c i a l n e r v e , s i n c e 

t h e s a m e a r a c h n o i d s h e a t h i n v e s t s t h e m b o t h , b u t , b e f o r e 

t h a t c a n a l i s r e a c h e d , a f i l a m e n t i s g i v e n o f f f r o m b o t h 

t h e s e n e r v e s t o f o r m a n i n t e r m e d i a t e n e r v e , c a l l e d t h e " p a r s 

i n t e r m e d i a , " o r t h e " n e r v e o f W r i s b e r g . " T h i s i n t e r m e d i a t e 

p o r t i o n i s n o w s u p p o s e d t o b e t h e c h i e f s o u r c e o f o r i g i n o f t h e 

cit o r da tympani nerve, a n d t h u s t o b e c o n n e c t e d w i t h t h e 

s p e c i a l sense o f t a s t e . 

FIG. 67.—Distribution of the cochlear nerve in the spiral lamina of the cochlea (the cochlea 
is from the right side and is seen from its anteroinferior part). (Sappey.) 

1, trunk of the cochlear nerve; 2, 2, 2, membranous zone of the spiral lamina; 3, 3, 3, 
terminal expansion of the cochlear nerve, exposed in its whole extent by the removal 
of the superior plate of the lamina spiralis ; 4, orifice of communication of the scala 
tympani with the scala vestibuli. 

T h e c o l o r o f t h e a u d i t o r y n e r v e f i l a m e n t s i s g r a y i s h . T h e 

f i l a m e n t s d i f f e r f r o m t h o s e o f t h e o t h e r c e r e b r o - s p i n a l n e r v e s 

( e x c e p t i n g t h o s e o f s p e c i a l sense) i n h a v i n g a s o f t e r c o n s i s t 

ence . S o m e o f t h e l a t e r r e s e a r c h e s s e e m t o s h o w t h a t t h e 

f i l a m e n t s o f t h i s n e r v e a r e d e s t i t u t e o f t h e k ' w h i t e s u b s t a n c e 

o f S c h w a n n , " a n d t h u s r e s e m b l e t h o s e o f t h e o l f a c t o r y n e r v e , 

w h i l e t h e axis cylinders a r e o f v e r y l a r g e size as c o m p a r e d 

w i t h t h o s e o f o t h e r n e r v e s . I t i s a l s o c l a i m e d t h a t s m a l l , n u 

c l e a t e d , ganglionic enlargements c a n b e d e m o n s t r a t e d a l o n g 

t h e c o u r s e o f t h e s e f i b e r s o f t h e t r u n k o f t h e n e r v e , b u t t h e 

m i n u t e a n a t o m y o f t h e a u d i t o r y n e r v e i s y e t a s u b j e c t f o r 

f u r t h e r i n v e s t i g a t i o n . 

W i t h i n t h e i n t e r n a l a u d i t o r y c a n a l , t h e e i g h t h n e r v e 
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d i v i d e s i n t o t w o b r a n c h e s , t h e a n t e r i o r o f w h i c h s u p p l i e s t h e 

c o c h l e a , w h i l e t h e p o s t e r i o r b r a n c h i s d i s t r i b u t e d t o t h e semi

circular canals a n d t o t h e saccule a n d vestibule. T h e s e t w o 

m a i n b r a n c h e s a r e g i v e n o f f c lose t o t h e m e a t u s a u d i t o r i u s 

i n t e r n u s . 

A t t h e b o t t o m o f t h e i n t e r n a l a u d i t o r y c a n a l , t h e t h r e e 

s u b d i v i s i o n s o f t h e v e s t i b u l a r n e r v e pass t h r o u g h small open-

FIG. 68.—General view of the organ of hearing. (Sappey.) 
1, pinna; 2, cavity of the concha, on the walls of which are seen the orifices of a 

great number of sebaceous glands; 5, external auditory meatus; 4, angular pro
jection formed by the union of the anterior portion of the concha with the posterior 
wall of the auditory canal; 5, openings of the ceruminous glands, the most internal 
of which form a curved line, which corresponds with the beginning of the osseous 
portion of the external meatus ; 6, membrana tympani and the elastic fibrous mem
brane which forms its border ; 7, anterior portion of the incus; 8, malleus ; 9, han
dle of the malleus applied to the internal surface of the membrana tympani, which it 
draws inward toward the projection of the promontory ; 10, tensor tympani muscle, 
the tendon of which is reflected at a right angle to become attached to the superior 
portion of the handle of the malleus; 11, tympanic cavity ; 12, Eustachian tube, the 
internal or pharyngeal extremity of which has been removed by a section perpen
dicular to its curve; 13, superior semicircular canal; 14, posterior semicircular ca
nal; 15, external semicircular canal; 16, cochlea; 17, internal auditory canal; 18, 
facial nerve ; 19, large petrosal branch, given off from the ganglioform enlargement 
of the facial and passing below the cochlea to go to its distribution ; 20, vestibular 
branch of the auditory nerve ; 21, cochlear branch of the auditory nerve. 

ings in a cul-de-sac situated at that point, and are distributed 

to the utricle, the saccule, and the three ampullae. 

The cochlear nerve, which is the other main branch of the 

auditory, enters the base of the modiolus, and its filaments 
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s u b s e q u e n t l y e s c a p e f r o m t h e c e n t r a l c a n a l o f t h e m o d i o l u s 

t h r o u g h minute canals, w h i c h e n a b l e t h e m t o r e a c h t h e i r 

p o i n t o f d i s t r i b u t i o n i n t h e i n t e r n a l p o r t i o n o f t h e c o c h l e a . 

T h e t e r m i n a l f i l a m e n t s o f t h i s n e r v e a r e n o w b e l i e v e d t o b e 

c o n n e c t e d w i t h t h e spindle-shaped cells o f t h e organ of Corti. 

I t i s i m p o s s i b l e , w i t h i n t h e c o m p a s s o f t h i s l e c t u r e , t o e n 

t e r i n t o t h e m i n u t e a n a t o m y o f t h e e a r w i t h s u f f i c i e n t d e t a i l 

t o e n a b l e y o u t o p r o p e r l y a p p r e c i a t e t h e m e c h a n i s m b y w h i c h 

t h e w a v e s o f s o u n d s , p r o d u c e d f r o m w i t h o u t , a r e t r a n s m i t t e d 

t o t h e m e m b r a n a t y m p a n i , a n d s u b s e q u e n t l y t o t h e c o c h l e a , 

w h e r e t h e y a r e p e r c e i v e d b y t h e a u d i t o r y n e r v e f i l a m e n t s . T o 

p r o p e r l y a p p r e c i a t e t h e d i f f i c u l t i e s w h i c h a r i s e i n d e t e r m i n i n g 

t h e e x a c t m e t h o d b y w h i c h t h e h u m a n e a r i s e n a b l e d t o d e 

t e r m i n e n o t o n l y t h e intensity o f t h e s o u n d p e r c e i v e d , b u t 

a l s o i t s pitch, quality, a n d musical properties, n o t o n l y 

w o u l d t h e a n a t o m y h a v e t o b e g i v e n i n d e t a i l , b u t m a n y o f 

t h e l a w s o f p h y s i c s d i s c u s s e d . T h e f o l l o w i n g g e n e r a l s t a t e 

m e n t s , h o w e v e r , m a y a s s i s t y o u i n s t u d y i n g t h i s c o m p l i c a t e d 

s u b j e c t , a n d a f f o r d a n e x p l a n a t i o n o f s o m e o f t h o s e s y m p 

t o m s o f d i s e a s e w h i c h a r e r e f e r r e d t o t h e ear . 

T h e d i a g r a m s h o w n y o u o n t h e b l a c k b o a r d 1 i s d e s i g n e d t o 

a s s i s t y o u t o g r a s p s o m e o f t h e p r i n c i p a l p o i n t s i n t h e a n a 

t o m i c a l c o n s t r u c t i o n o f t h e ear , w h i c h a r e n e c e s s a r y f o r t h e 

c l e a r c o m p r e h e n s i o n o f t h e p h y s i o l o g y o f a u d i t i o n . I t c a n b e 

p e r c e i v e d t h a t t h e e x t e r n a l a u d i t o r y c a n a l a n d i t s a c c e s s o r y 

p o r t i o n w h i c h w e c a l l t h e e a r o r a u r i c l e ( w h i c h i s p l a c e d 

o n t h e e x t e r i o r o f t h e s k u l l f o r t h e p u r p o s e o f d e f l e c t i n g t h e 

w a v e s o f s o u n d i n t o t h a t c a n a l ) l i e e x t e r n a l t o t h e m e m b r a n a 

t y m p a n i ; a n d , f o r t h a t r e a s o n , a l l o f t h e s e p a r t s , v i z . , t h e 

c a r t i l a g e s o f t h e p i n n a , i t s l i g a m e n t s , t h e b o n y c a n a l l e a d i n g 

t o t h e m e m b r a n a t y m p a n i , a n d i t s c u t a n e o u s l i n i n g , a r e i n 

c l u d e d u n d e r t h e g e n e r a l t e r m " t h e external ear" i n c o n t r a s t 

t o t h e c h a m b e r s w h i c h l i e d e e p l y w i t h i n t h e t e m p o r a l b o n e , 

c a l l e d t h e middle ear, o r " t h e carity of the tympanum;' a n d 

t h e internal ear, o r t h e "labyrinth." 

T h e middle ear, o r " tympanum," l i e s b e t w e e n ^ t h e m e m -
1 See diagram further on in the chapter. 
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b r a n a t y m p a n i a n d t h e i n t e r n a l ear, o r " l a b y r i n t h , " a n d i s 

c o n t a i n e d w i t h i n t h e p e t r o u s p o r t i o n o f t h e t e m p o r a l b o n e . 

I t communicates with the pharynx, b y m e a n s o f t h e E u s t a -

FIG. 69.—A diagram to illustrate the mechanism of the act of hearing. 
A, the auditory canal (the arrow showing the waves of sound entering); B, the cavity of 

the middle ear, or " tympanum'''1); C, the utricle, communicating with the semicircu
lar canals; D, the saccule, communicating with the scala vestibuli of the cavity of the 
cochlea; E, the Eustachian tube, allowing of the entrance of air into the middle ear 
from the pharynx; 1, the membrana tympani, which first receives the vibrations of 
the waves of sound ; 2, the chain of bones, which transmit these vibrations to the mem
brane covering the fenestra ovalis (annular ligament of the stapes); 3, the membrane, 
covering the fenestra ovalis (annular ligament of the stapes); 4, the foramen rotun-
dum, where the waves of sound return to the cavity of the middle ear and are lost 
(membrana tympani secundaria); 5, the ampullce of the semicircular canals ; 6, the 
semicircular canals ; 7, the " scala vestibidi " of the cochlea ; 8, the cupola, at the apex 
of the cochlea, where the scala vestibuli and the scala tympani of the cochlea join 
each other; 9, the " scala tympani," leading downward from the cupola of the cochlea 
to the foramen rotundum; i0, internal auditory canal, where the auditory nerve 
enters. 

chian tube, and is thus enabled to afford free access to the 

air of the external world, and insure the same density of at

mosphere on both sides of the membrana tympani. It is 

this anatomical arrangement that causes gunners to hold the 

mouth wide open when exploding large pieces of ordnance, to 

avoid a rupture of the membrana tympani, since the waves of 

sound can thus enter the Eustachian tube at the same time 

that they pass down the external auditory canal, and the 

membrana tympani should, theoretically, be made to stand 
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m o t i o n l e s s , i f t h e E u s t a c h i a n t u b e w e r e w i d e o p e n , s i n c e t h e 

w a v e s o f s o u n d u p o n e a c h s i d e o f t h e m e m b r a n e w o u l d n e u 

t r a l i z e e a c h o t h e r . 1 I n t h e c a v i t y o f t h e m i d d l e ear , a chain 

of small bones i s so a r r a n g e d as t o a f f o r d a s o u r c e o f t r a n s 

m i s s i o n o f t h e i m p u l s e s o f s o u n d f r o m t h e m e m b r a n a t y m 

p a n i t o t h e f e n e s t r a o v a l i s , 5 w h i c h i s c l o s e d b y t h e s t a p e s 3 

A 

FIG. 70.— Ossicles of the tympanum of tlte right side, magnified 4 diameters. (Arnold.) 
A, malleus; 1, its head ; 2, the handle ; 3, long, or slender process ; 4, short process ; B, 

incus; 1, its body; 2, the long process with the orbicular process ; 3, short, or pos
terior process ; 4, articular surface receiving the head of the malleus ; C, stapes ; 1, 
head ; 2, posterior crus ; 3, anterior crus; 4, base ; C*, base of the stapes ; D, the 
three bones in their natural connection as seen from the outside; a, malleus; b, 
incus; c, stapes. 

and its annular ligament. This chain of bones is suspend

ed b y a l i g a m e n t a t t a c h e d t o t h e r o o f o f t h e m i d d l e ear , a n d 

t h e s e p a r a t e b o n e s a r e c o n n e c t e d t o g e t h e r b y j o i n t s 4 l i n e d 

w i t h s y n o v i a l m e m b r a n e s , so t h a t t h e s l i g h t e s t m o v e m e n t i s 

r e a d i l y c a r r i e d f r o m o n e t o t h e o t h e r . M u s c l e s a r e a l s o a t 

t a c h e d t o t h e s e b o n e s , f o r t h e o b j e c t o f b r i n g i n g t h e m e m -

1 Valsalva's method, " which consists of making a powerful expiration, with the mouth 
and nostrils closed," is also used if the ear be stopped with cotton at the same time. 

2 A doctrine first suggested in 1851 by Edward Weber, and subsequently verified by 
experiments in 1868 by Politzer. 

3 One of the small bones of the middle ear. 
* Helmholtz first described the exact nature of the joint between the malleus and the 

incus. He compared it to " a joint used in certain watch-keys, where the handle can not 
be turned in one direction without carrying the steel shell with it, while in the other direc
tion it meets with only a slight resistance." This device assists to convert the bones into 
a state of resistance, resembling that of a solid piece of bone, when muscular action locks 
this joint firmly. 



204 THE CRANIAL NERVES. 

b r a n a t y m p a n i a n d t h e b o n e s t h e m s e l v e s i n t o t h e b e s t p o s s i 

b l e c o n d i t i o n f o r t h e accurate appreciation o f s o u n d i m 

p u l s e s . 1 T h e c a v i t y o f t h e m i d d l e ea r i s i n c o m m u n i c a t i o n 

w i t h t h e c e l l s i n t h e m a s t o i d p o r t i o n o f t h e t e m p o r a l b o n e , 

a n d s o m e a d d i t i o n a l e f f e c t m a y b e t h u s p r o d u c e d u p o n t h e 

v i b r a t i o n s o f t h e a i r w i t h i n t h e m i d d l e ea r . 3 

FIG. 71.— The left bony labyrinth of a new-born child, forward and outward view. Modi
fied from a photograph. (Rudinger.) 

1, the wide canal, the beginning of the spiral canal of the cochlea; 2, the fenestra ro
tunda ; 3, the second turn of the cochlea; 4, the final half turn of the cochlea; 
5, the border of the bony wall of the vestibule, situated between the cochlea and 
the semicircular canals; 6, the superior, or sagittal semicircular canal; 7, the portion 
of the superior semicircular canal bent outward; 8, the posterior, or transverse 
semicircular canal; 9, the portion of the posterior connected with the superior semi
circular canal; 10, point of junction of the superior and the posterior semicircular 
canal; 11, the ampulla ossea externa; 12, the horizontal, or external semicircular 
canal. 

The internal ear, or "labyrinth;'' lies within the petrous 

portion of the temporal bone, and internal to the tympanum. 

It consists of a series of chambers, hollowed out within the 

bone, called the vestibule, the cochlea, and the semicircular 
1 The tensor tympani muscle, on account of a peculiar arrangement of the joint be
tween the malleus and the incus, renders all the articulations firm, tightens the little liga
tures, and presses the stapes against the fenestra ovalis, thus bringing it in contact with 
the fluids of the vestibule. See foot-note on page 203. 

2 For the surgical application of this arrangement, see article on the bones of the 
head, by the author, " New York Medical Record," October 16, 1880. 
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canals, w i t h i n e a c h o f w h i c h a m e m b r a n o u s t u b e i s sus 

p e n d e d b e t w e e n t w o l i q u i d s , o n e w i t h i n t h e t u b e , t h e " e n -

d o l y m p h , " a n d o n e b e t w e e n t h e t u b e a n d t h e b o n y w a l l s , t h e 

" p e r i l y m p h . " T h i s m e m b r a n o u s p o r t i o n i s c a l l e d t h e "mem-

FiG. 72.—Diagram of the labyrinth, vestibule, and semicircular canals. From a photo
graph, and somewhat reduced. (Riidingcr.) 

Upper figure: 1, utricle; 2, saccule; 3, 5, membranous cochlea; 4, canalis reuniens; 6, 
semicircular canals. 

Lower figure: 1, utricle; 2, saccule; 3, 4, 6, ampullae; 5, 7, 8, 9, semicircular canals; 
10, auditory nerve (partly diagrammatic); 11, 12, 13, 14, 15, distribution of the 

' branches of the nerve to the vestibule and the semicircular canals; 16, ganglioform 
enlargement. 

branous labyrinth" and is an exact reproduction of the 

bony labyrinth, except that it is smaller in point of size, so as 

to admit the presence of fluid between it and the bone. It 

serves as a support for the terminal filaments of the auditory 

nerve, which, by being suspended between two fluids, are en-
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a b l e d n o t o n l y t o p e r c e i v e t h e s l i g h t e s t v i b r a t i o n s o f t h e 

fluids,1 b u t a r e a l s o t h u s p r o t e c t e d f r o m t h e p o s s i b i l i t y o f i n 

j u r y , w h i c h w o u l d be g r e a t w e r e t h e y p l a c e d i n c o n t a c t w i t h 

t h e b o n e . T h e m e m b r a n o u s l a b y r i n t h w h i c h fills t h e c a v i t y 

o f t h e v e s t i b u l e i s d i v i d e d i n t o t w o p o r t i o n s , c a l l e d t h e saccule 

a n d t h e utricle; t h e f o r m e r o f w h i c h c o m m u n i c a t e s d i r e c t l y 

w i t h t h e c o c h l e a , w h i l e t h e l a t t e r c o m m u n i c a t e s w i t h t h e 

s e m i c i r c u l a r c a n a l s , as c a n b e seen i n t h e d i a g r a m . 

T h e c o c h l e a i s e s s e n t i a l l y t h a t p a r t o f t h e i n t e r n a l ea r 

w h i c h i s e n a b l e d t o a p p r e c i a t e m o s t o f t h e i m p o r t a n t e l e m e n t s 

o f s o u n d , v i z . , i t s note a n d quality? I t c o n s i s t s o f a n e x c a -

FIG. 73.—A transverse section of the spiral canal of the cochlea (diagrammatic).3 

S. V., the scala vestibuli; S. M., the scala media ; S. T., the scala tympani; 1, mem
brane of Reissner; 2, " organ of Corti," covered by the " membrana tectorial or 
" membrane of Corti" ,• 3, membrana basilaris ; 4, ligamentum spiralis, extending 
the whole length of the spiral canal of the cochlea; 5, upper layer of the lamina 
spiralis ossea; 6, lower layer of the lamina spiralis ossea ; 7, a nerve filament es
caping from the central canal of the modiolus, and going to the organ of Corti; 8, a 
ganglion attached to the nerve filament, called the " ganglion spirale." 

vation in the temporal bone which resembles, in its construc

t i o n , t h e s h e l l o f a s n a i l , h a v i n g a c e n t r a l p i l l a r , t h e modio

lus, w h i c h r u n s f r o m i t s base t o i t s a p e x , a n d a spiral canal, 

1 It is a well-recognized law of physics that the fluids transmit vibrations in every 
direction with equal force, and, therefore, no better medium could possibly be had for 
the auditory nerve filaments to be in contact with. 

2 Complete destruction of the cochlea probably causes total deafness, while destruction 
of the semicircular canah does not seem to have any marked effect upon the ability to 
appreciate sound. 

3 From the " Essentials of Anatomy " (Darling and Ranney), New York, 1880. 
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r u n n i n g a r o u n d t h i s c e n t r a l p o r t i o n f o r t w o a n d a h a l f c o m 

p l e t e t u r n s . T h e s p i r a l c a n a l o f t h e c o c h l e a i s d i v i d e d i n t o 

t h r e e p o r t i o n s c a l l e d t h e scala vestibuli, scala tympani, a n d 

t h e scala media? T h e t i r s t c o m m u n i c a t e s , a t i t s l o w e r p a r t , 

FIG. 74.— Vertical section of the organ of Corti of the dog, magnified 800 diameters. 
(Waldeyer.) 

a-b, homogeneous layer of the basilar membrane ; v, tympanic layer, with nuclei, granu
lar cell protoplasm, and connective tissue ; au tympanic lip of the crista spiralis ; c, 
thickened portion of the basilar membrane ; d, spiral vessel; e, blood-vessel; / , h, 
bundle of nerves; g, epithelium; i, inner hair cell, with its basilar process, k ; I, 
head-plate of the inner pillar; m, union of the two pillars; n, base of the inner 
pillar; o, base of the outer pillar ; p, q, r, outer hair cells, with traces of the cilia ; 
t, bases of two other hair cells ; z, Hensen's prop cell; l—l\, lamina reticularis ; w, 
nerve fiber passing to the first hair cell, p. 

with the vestibule ; hence its name ; the second terminates in 

t h e m i d d l e ear , a n d h e n c e i t s n a m e ; w h i l e t h e t h i r d i s , i n 

1 The experiments of Laborde (Des fonctions du limacon, " Trib. Med.," Septembre 
12, 1880) to determine the function of the cochlea were made upon the Guinea-pig, an 
animal in whom the organ is particularly accessible. The following facts were considered 
by him as fully proven : 1, Destruction of the cochlea had no effect in the production of 
vertigo or disturbances of coordination; 2, destruction of the cochlea produced complete 
deafness, which, however, did not appear until several days after the operation. 

He concludes, from these facts: 1, That the auditory nerve contains both motor and 
sensory fibers, the former being distributed to the semicircular canals, the latter to the 
saccule, utricle, and cochlea ; 2, that the cochlea is not the only organ for the appreciation 
of sound, since the utricle and saccule participate, to some unknown extent, in that func
tion ; 3, that the deafness which occurs after excision of the cochlea alone is probably 
due to an extension of inflammation to the utricle and saccule, or to the formation of a 
rigid cicatrix, which prevents the transmission of an auditory impulse to those parts. 
While these facts need subsequent confirmation (since the experiments are by no means 
conclusive), they are worthy of due consideration in the discussion of this complicated 
and imperfectly understood organ. 
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r e a l i t y , b u t a space p a r t i t i o n e d o f f f r o m t h e s ca l a v e s t i b u l i 

f o r t h e p r o t e c t i o n o f t h e t r u e o r g a n o f h e a r i n g , " t h e o r g a n 

o f C o r t i . " T h e p r e c e d i n g d i a g r a m ( F i g . 73) w i l l h e l p t o m a k e 

t h i s p l a i n t o y o u . 

T h i s figure r e p r e s e n t s , i n a d i a g r a m m a t i c w a y , t h e a p p e a r 

ance o f a l o n g i t u d i n a l s e c t i o n o f t h e s p i r a l c o r d i n t h e c o c h l e a , 

i n a n y p o r t i o n o f i t s t w o a n d a h a l f t u r n s a r o u n d t h e m o d i o 

l u s . I t w i l l b e p e r c e i v e d a t a g l a n c e t h a t t h e c a n a l i s d i v i d e d 

i n t o a n u p p e r (s. v.) a n d a l o w e r (s. t.) p o r t i o n , p a r t l y b y b o n e 

(5 a n d 6) a n d p a r t l y b y m e m b r a n e (3 ) . I t w i l l a l so b e r e a d i l y 

seen t h a t a p o r t i o n o f t h e sca la v e s t i b u l i i s d i v i d e d o f f b y t h e 

membrane of Reissner, a n d t h a t t h u s a s e p a r a t e c a v i t y i s 

f o r m e d t h r o u g h o u t t h e w h o l e l e n g t h o f t h e s p i r a l c a n a l , c a l l e d 

t h e " s c a l a m e d i a . " W i t h i n t h i s l a s t - n a m e d c a v i t y w i l l be 

n o t i c e d a b o d y c o v e r e d w i t h h a i r - l i k e processes , ' ' t h e organ 

of Corti," w h i c h r e s t s u p o n t h e m e m b r a n e f o r m i n g t h e floor 

o f t h e s ca l a m e d i a , a n d c a l l e d f o r t h a t r e a s o n t h e "basilar 

FIG. 75.—The two pillars of the organ of Corti. (Sappey.) 
A, external pillar of the organ of Corti: 1, body, or middle portion ; 2, posterior extrem

ity, or base ; 3, cell on its internal side ; 4, anterior extremity; 5, convex surface by 
which it is joined to the internal pillar; 6, prolongation of this extremity. 

B, internal pillar of the organ of Corti: 1, body, or middle portion; 2, posterior extrem
ity ; 3, cell on its external side ; 4, anterior extremity ; 5, concave surface by which 
it is joined to the external pillar; 6, prolongation, lying above the corresponding 
prolongation of the external pillar. 

C, the two pillars of the organ of Corti, united by their anterior extremity, and forming 
an arcade, the concavity of which looks outward : 1,1, body, or middle portion of 
the pillars ; 2, 2, posterior extremities ; 3, 3, cells attached to the posterior extrem
ities ; 4, 4, anterior extremities joined together; 5, terminal prolongation of this 
extremity. 

membrane.'1'' There is, furthermore, shown in this figure the 

m e a n s b y w h i c h t h e t e r m i n a l filaments o f t h e c o c h l e a r n e r v e 

( o n e o f t h e b r a n c h e s o f t h e a u d i t o r y n e r v e ) escape f r o m t h e 

central canal of the modiolus a n d r e a c h t h e s c a l a m e d i a . 
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S u c h a f i g u r e w i l l g r e a t l y a s s i s t y o u t o p r o p e r l y a p p r e c i a t e 

t h e d i s c u s s i o n o f t h e f u n c t i o n o f e a c h o f t h e s e v a r i o u s p a r t s , 

a n d a l s o e n a b l e y o u t o g r a s p t h e p r i n c i p a l p o i n t s i n t h e 

p h y s i o l o g y o f t h e a c t o f h e a r i n g , w h i c h a r e t o b e c o n 

s i d e r e d . 

T h e organ of Corti m a y b e c o m p a r e d t o a h a r p , s i n c e i t s 

r o d s a r e o f d i f f e r e n t l e n g t h s . I t i s a c o n t i n u o u s s t r u c t u r e f o r 

t h e e n t i r e c o u r s e o f t h e s p i r a l c a n a l o f t h e c o c h l e a . H e l m -

h o l t z h a s a d v a n c e d t h e t h e o r y 1 t h a t t h e s e v e r a l t h o u s a n d 

s t r i n g s o f t h i s o r g a n a d m i t o f t h e a p p r e c i a t i o n o f a l l v a r i e t i e s 

o f m u s i c a l t o n e , s i n c e e a c h n o t e o r c h o r d c r e a t e s a v i b r a t i o n 

FIG. 76.—Distribution of the cochlear nerve in the spiral lamina of the cochlea (the cochlea 
is from the right side and is seen from its antero-inferior part). (Sappey.) 

1, trunk of the cochlear nerve; 2, 2, 2, membranous zone of the spiral lamina; 3, 3, 3, 
terminal expansion of the cochlear nerve, exposed in its whole extent by the removal 
of the superior plate of the lamina spiralis; 4, orifice of communication of the scala 
tympani with the scala vestibuli. 

i n t h o s e s t r i n g s o n l y w h i c h a r e n e c e s s a r y t o r e p r o d u c e i t , i n 

t h e s a m e w a y as a p i a n o , w h e n a n o t e i s s o u n d e d , w i l l c r e a t e 

a v i b r a t i o n i n t h e s a m e s t r i n g o f a n a d j o i n i n g i n s t r u m e n t . 

H e n s e n , h o w e v e r , c l a i m s t h a t t h e basilar membrane i s c o m 

p o s e d o f elastic fibers of varying lengths,* a n d t h a t t h e s e 

s e p a r a t e fibers a r e t h r o w n i n t o v i b r a t i o n b y s o u n d s c a r r i e d t o 

t h e c o c h l e a , w h i c h , i n t u r n , t r a n s m i t t h e i r v i b r a t i o n t o t h e 

1 This theory is opposed by the facts that the rods of Corti are not clastic, and they 
are absent ir birds, who can unquestionably perceive sound. 

2 By some authors this .theory is attributed to Helmholtz. 
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o r g a n o f C o r t i l y i n g u p o n t h e m , a n d t h u s i n f o r m t h e a u d i t o r y 

n e r v e filaments o f t h e e f f e c t o f e a c h i n d i v i d u a l s o u n d . 1 

I n t h e a c t o f h e a r i n g , t h e v i b r a t i o n s p r o d u c e d w i t h i n t h e 

membrana tympani b y t h e w a v e s o f s o u n d a r e t r a n s m i t t e d 

across t h e c a v i t y o f t h e m i d d l e ear, t o a m e m b r a n e c o v e r i n g 

a n o p e n i n g n e a r l y o p p o s i t e t h e e x t e r n a l d r u m , c a l l e d t h e 

fenestra ovalis, b y m e a n s o f a c h a i n o f s m a l l b o n e s w i t h i n 

t h e c a v i t y o f t h e m i d d l e ear, a n d , b y m e a n s o f s e c o n d a r y 

v i b r a t i o n s t h u s p r o d u c e d w i t h i n t h i s l a t t e r m e m b r a n e , t h e 

i m p u l s e i s t r a n s m i t t e d t o t h e fluids of the vestibule. T h e 

v i b r a t i o n s n o w t r a v e l a l o n g t h e fluids o f t h e s c a l a v e s t i b u l i o f 

t h e c o c h l e a a n d o f t h e s e m i c i r c u l a r cana l s , t h u s p a s s i n g i n 

t w o d i f f e r e n t d i r e c t i o n s . I n t h e s e m i c i r c u l a r c a n a l s , a c c o r d 

i n g t o s o m e o b s e r v e r s , t h e direction f r o m w h i c h t h e s o u n d 

s p r i n g s i s p e r c e i v e d , 2 w h i l e t h e v i b r a t i o n s c a r r i e d a l o n g 

t h e s ca l a m e d i a 3 i n t h e c o c h l e a a r e t r a n s m i t t e d t o t h e fila

m e n t s o f t h e a u d i t o r y n e r v e i n t h e " o r g a n o f C o r t i , " p r o b a 

b l y b y m e a n s o f v i b r a t i o n s o f t h e membrana basilar is, t h u s 

a f f o r d i n g t h e a p p r e c i a t i o n o f t h e note a n d t h e quality o f 

t h e s o u n d p e r c e i v e d . A f t e r r e a c h i n g t h e a p e x o f t h e c o c h 

l ea , t h e v i b r a t i o n s a r e t r a n s m i t t e d f r o m t h e sca la v e s t i b u l i 

d o w n w a r d ' a l o n g t h e c o u r s e o f t h e s ca l a t y m p a n i t i l l t h e y 

r e a c h t h e " m e m b r a n a t y m p a n i s e c u n d a r i a , " w h i c h cove r s 

t h e fenestra rotunda,1 w h e r e t h e y a r e l o s t , 5 b e i n g n o l o n g e r 

1 The membrana iecloria, or " membrane of Cord" probably acts as a damper, to 
arrest the vibrations excited within the scala media, as its situation suggests no other pos
sible function. 

2 The function of the semicircular canals is yet a matter of doubt, and is now receiv
ing the attention of experimental physiologists. They are supposed by some authors to 
relieve excessive pressure within the labyrinth when the stapes is driven too forcibly in
ward ; and, by others, to secrete the fluid o f the labyrinth ; while by some they are consid
ered to be the external organs of coordination of muscular movement. 

3 The saccule communicates with the scala media by means of a small canal (shown 
in Fig. 72), called the " canal is reuniens." 

4 An opening in the inner wall of the cavity of the middle ear. 
5 According to some authorities, the vibrations in the membrana tympani secundaria 

are created, simultaneously with those at the fenestra ovalis, by the vibrations of the 
air in the middle ear created by the movements of the external drum membrane, and 
an impulse thus travels simultaneously along the scala tympani and the scala vestibuli, 
both going in the same direction, to meet each other at the cupola. They consider the second 
drum, at the foramen rotundum, as a proof of this function, but it must be apparent to any 
one that all the openings of the labyrinth into the middle ear must be closed in some way 
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t r a n s m i t t e d , o n a c c o u n t o f t h e a b s e n c e o f a n y c o n d u c t i n g 

m e d i u m . 

The free entrance of air to the cavity of the tympanum, 

o r t h e m i d d l e ear , a f f o r d s a n e q u a l d e n s i t y o f a i r u p o n e i t h e r 

s i d e o f t h e membrana tympani, a n d t h u s i n s u r e s a v i b r a t i o n 

o f t h a t m e m b r a n e i n a b s o l u t e u n i s o n w i t h t h e v i b r a t i o n s o f 

t h e s o u n d w h i c h i t i s c a l l e d u p o n t o r e c o r d , as t h e w a v e s p a s s 

d o w n t h e e x t e r n a l a u d i t o r y c a n a l . 

T h e f u n c t i o n o f t h e organ of Corti, o f t h e membrana basi-

la ris, o r o f t h e otoliths, c a n n o t b e s t a t e d w i t h a n y d e g r e e o f 

c e r t a i n t y , s i n c e n e w d i s c o v e r i e s a r e c o n s t a n t l y b e i n g m a d e , 

a l t h o u g h s o m e t h e o r i e s o f t h e i r f u n c t i o n s h a v e b e e n a l r e a d y 

g i v e n . 

The minute construction of the scala media and its con

t a i n e d o r g a n s c a n b e f o u n d b y r e f e r e n c e t o m o r e e x t e n s i v e 

t r e a t i s e s . 

CLINICAL POINTS OF INTEREST DEPENDENT UPON THE AUDITORY 
NERVE. 

In attacks of auditory vertigo, or Meniere's disease, there 

i s m u c h m o r e t h a n o r d i n a r y g i d d i n e s s . T h e p a t i e n t w i l l o f t e n 

to prevent the escape of the perilymph. While it is difficult to positively decide this point, 
I am personally inclined to regard the foramen rotundum as the seat of termination of 
wave sounds, rather than a means of transmission o f impulses to the fluids of the cochlea. 

Dr. A. I I . Buck, in a late treatise on the " Diagnosis and Treatment of Ear Diseases," 
again advocates theories long maintained by him as to the physiology of audition, which 
may be thus given : The impulse of the stapes, at the fenestra ovalis, is carried by means 
of the perilymph directly into the scala vestibuli. This causes compression of the fluid in 
the scala media, which, in turn, causes pressure upon and movement of the elastic " mem
brana basilaris." The pressure is thus transmitted, for a second time, to the fluid in the 
scala tympani, and, as fluids are incompressible, the membrana tympani secundaria, which 
closes the foramen rotundum, is forced into the cavity of the middle ear until the force 
is expended, when it returns to its normal condition. I t will be thus perceived that he 
discards the saccule and the canal is reuniens as a channel for the passage of the acoustic 
wave. He also questions the existence of any communication, at the cupola, between the 
scala vestibuli and the scala tympani. While his theory seems ingenious, and perhaps 
more in accordance with fact than the older views, and is well illustrated by diagrams 
and supported by some carefully conducted experiments, still it can not, as yet, be said 
to be positively confirmed. His view as to the absurdity of the membrana tympani se-
cumlaria being a transmitter of sound waves to the cochlea agrees with my own, as advo
cated above. He seems also to favor the theory that the basilar membrane is the true 
vibrating medium, which carries to the auditory nerve the appreciation of the note 
sounded, rather than the " organ of Corti." 
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t e l l y o u t h a t , w h e n t h e a t t a c k c o m m e n c e d , e v e r y t h i n g b e g a n 

t o w h i r l , o r p o s s i b l y a p p e a r e d t o b e m o v i n g t o w a r d o n e s i d e ; 

t h a t h i s g a i t b e c a m e u n s t e a d y , a n d , i f w a l k i n g w a s p o s s i b l e , 

t h a t h e r e e l e d a n d s t a g g e r e d ; w h i l e , i n s o m e severe cases, t h e 

p a t i e n t f e e l s u n s a f e e v e n w h e n l y i n g u p o n a b e d o r s o f a , a n d 

m a y b e o b l i g e d t o g r a s p t h e s ides o f t h e c o u c h t o p r o t e c t h i m -

FIG. 77.—Right membrana tympani, seen from within. From a photograph, and somewhat 
reduced. (Eiidinger.) 

1, head of the malleus, divided; 2, neck of the malleus ; 3, handle of the malleus, with 
the tendon of the tensor tympani muscle ; 4, divided tendon of the tensor tympani; 
5, 6, portion of the malleus between the layers of the membrana tympani; 7, outer 
(radiating) and inner (circular) fibers of the membrana tympani; 8, fibrous ring of 
the membrana tympani; 9, 14, 15, dentated fibers, discovered by Gruber; 10, poste
rior pocket; 11, connection of the posterior pocket with the malleus; 12, anterior 
pocket; 13, chorda tympani nerve. 

self from a sensation of falling. In many cases, these symp

toms are markedly intensified by movement of the head, and, 

in some instances, such movements often tend to bring about 

an attack.1 The patient is usually pale and haggard, some-
1 Buzzard, "Lancet," March 4, 1870. 
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t i m e s p e r s p i r e s f r e e l y , a n d o f t e n v o m i t s , 1 w h i l e pain within 

the, head i s a s y m p t o m w h i c h n o t i n f r e q u e n t l y a c c o m p a n i e s 

s u c h a n a t t a c k . T h e e x t e n t t o w h i c h t h i s t y p e o f v e r t i g o 

m a y b e m a n i f e s t e d v a r i e s f r o m a n a t t a c k o f b u t m o m e n t a r y 

d u r a t i o n , w h e r e t h e p a t i e n t c a n r e t a i n h i s f e e t , t o t h o s e s e v e r e 

f o r m s o f t h e d i s e a s e w h e r e t h e a t t a c k i s a c c o m p a n i e d b y a 

l o s s o f c o n s c i o u s n e s s , w h i c h m a y r e m a i n f o r s o m e h o u r s , a n d 

r e s e m b l e t h e c o n d i t i o n o f e p i l e p t i c v e r t i g o . 

T h e r e s e e m s t o b e l i t t l e d o u b t t h a t , i n t h e s e cases, t h e a t 

t a c k i s a l w a y s p r e c e d e d o r f o l l o w e d b y s o m e a b n o r m a l c o n 

d i t i o n o f t h e ear , a n d t h a t t h i s d i s e a s e d c o n d i t i o n w a s t h e 

starting point o f t h e v e r t i g o . 2 S o m e t i m e s t h e p a t i e n t h a s 

l o n g b e e n d e a f i n o n e ear , o r a c o n d i t i o n o f d e a f n e s s m a y 

f o l l o w t h e f i r s t a t t a c k o f v e r t i g o ; a g a i n , t h e a p p r o a c h o f a n 

a t t a c k o f v e r t i g o m a y b e t o l d b y t h e o c c u r r e n c e o f noises 

w i t h i n t h e e a r o f o n e s i d e , w h i l e , i n s o m e cases, t h e r e e x i s t s 

a c o n s t a n t n o i s e w i t h i n t h e ear , w h i c h i n c r e a s e s as t h e a t t a c k 

o f v e r t i g o i s i m m i n e n t . 

I t i s o f t e n e x t r e m e l y d i f f i c u l t t o p e r s u a d e a p a t i e n t , s u f f e r 

i n g f r o m t h i s a f f e c t i o n , t h a t t h e a t t a c k i s n o t d e p e n d e n t u p o n 

a d i s o r d e r e d s t a t e o f t h e digestive apparatus, a n d e s p e c i a l l y i s 

t h i s t h e case w h e n t h e e a r t r o u b l e i s o f o l d s t a n d i n g , o r w h e n 

t h e p a t i e n t i s u n c o n s c i o u s o f a n y d e f e c t i n h i s h e a r i n g , w h i c h 

i s b y n o m e a n s a n u n u s u a l o c c u r r e n c e . S u c h p a t i e n t s a r e 

b e t t e r s a t i s f i e d i f t h e a t t a c k b e a t t r i b u t e d t o t h e l i v e r , d y s 

p e p s i a , o r n e r v o u s n e s s . I q u o t e t h e f o l l o w i n g s e n t e n c e f r o m 

H u g h l i n g s - J a c k s o n 3 as e v i d e n c e t h a t t h i s d i f f i c u l t y i s m e t 

w i t h e v e n a m o n g t h e m o s t e n l i g h t e n e d o f t h e c o m m u n i t y . 

H e s a y s : " E v e n m e d i c a l m e n , w h o h a v e a u r a l d i sease , o f t e n 

t o t a l l y r e j e c t t h e p r o f f e r e d e x p l a n a t i o n o f t h e i r a t t a c k s o f 

v e r t i g o ; m a n y o f t h e m a s c r i b e t h e i r a i l m e n t t o d i g e s t i v e 

1 Ferrier, " Vomiting in connection with cerebral disease," " Brain," July, 1870. 
2 The occurrence of vertigo and interference with coordination is not alone produced 

by local disease of the ear, even when associated with impairment of hearing. I t may 
indicate disease of the cerebellum or of the medulla oblongata, which creates irritation of 
or some interference with the auditory nucleus. For the clinical facts pertaining to this 
symptom, the reader is referred to pages 63 and 64 of this volume. 

3 Hughlings-Jackson, "Lancet," March 11, 1876 ; same author, "Lancet," March 11, 
1876; Gowers, "Lancet," March, October, 1880. 

16 
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t r o u b l e s . A m e d i c a l m a n h a d d e a f n e s s i n h i s l e f t ear, w i t h 

o c c a s i o n a l s l i g h t v e r t i g o . O n e d a y , w h i l e w a l k i n g i n h i s g a r -

FIG. 78.—Section of the first turn of the spiral canal of a cat newly-born.—Section of the 
cochlea of a human foetus at the fourth month. " From a photograph, and somewhat 
reduced. (Riidinger.) 

Upper figure: 1, 2, 6, lamina spiralis; 2, lower plate; 3, 4, 5, 5, nervus cochlearis; 7, 
membrane of Rcissner ; 8, membrana tectoria ; 9, epithelium ; 10,11, pillars of Corti; 
12, inner hair cells; 13, outer hair cells; 14, 16, membrana basilaris; 15, epithe
lium in the sulcus spiralis; 17, 18, 19, ligamentum spirale; 20, spiral canal below 
the membrana basilaris. 

Lower figure : S T, S T, 5, 5, 7, 7, 8, 8, scala tympani; S V, S V,9, 9, scala vestibuli; 1, 
base of the cochlea ; 2, apex ; 3, 4, central column; 10, 10, 10, 10, ductus cochlearis; 
11, branches of the nervus cochlearis ; 12,12,12, spiral ganglion ; 13, 14, limbus lami
na; spiralis ; 15, membrane of Rcissner ; 16, epithelium ; 17, outer hair cells ; 18, epi
thelium of the membrana basilaris ; 19, nervous filaments ; 20, union of the membrana 
basilaris with the ligamentum spirale ; 21, epithelium of the peripheral wall of the 
ductus cochlearis ; 22, 23, membrana tectoria ; 24, spiral canal below the membrana 
basilaris. 
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d e n , h e h a d a p a i n i n h i s h e a d , w a s v e r y g i d d y , f e l l i n t h e 

s h r u b s , a n d v o m i t e d . T h i s w a s p l a i n l y e a r v e r t i g o , as h e 

h i m s e l f k n e w . B u t h e h a d t h e f o l l o w i n g d i a g n o s e s m a d e o f 

h i s case b y o t h e r m e d i c a l m e n : 1 , n o t h i n g ; 2, n e r v o u s n e s s ; 

3, d e r a n g e d s t o m a c h . " 

T h a t s o m e p e r s o n s w h o a r e d e a f i n o n e e a r a r e a b s o l u t e l y 

u n c o n s c i o u s o f i t i s t o o o f t e n n o t i c e d t o b e n o w d i s p u t e d . 

( r o w e r s ' l a y s s t r e s s u p o n t h i s p o i n t i n t h e f o l l o w i n g w o r d s : 

' ' T h e f a c t t h a t t h e p a t i e n t m a y b e u n c o n s c i o u s o f a m o s t s i g 

n i f i c a n t a u d i t o r y d e f e c t l e s sens t h e v a l u e o f f o r m e r o b s e r v a 

t i o n s as e v i d e n c e o f t h e d e f i n i t e c h a r a c t e r o f s t o m a c h a l v e r 

t i g o . M y o w n c o n v i c t i o n i s t h a t , i n t h e v a s t m a j o r i t y o f 

cases i n w h i c h a v e r t i g o o f d e f i n i t e a n d u n i f o r m c h a r a c t e r i s 

a p p a r e n t l y e x c i t e d b y g a s t r i c d i s t u r b a n c e , a n auditory defect 

w i l l b e d i s c o v e r e d o n c a r e f u l e x a m i n a t i o n . " 

P a t i e n t s a f f l i c t e d w i t h d i seases o f t h e e a r m a y , i n s o m e 

cases, m a k e t h e m s e l v e s d i z z y b y pressure upon the ear o f t h e 

a f f e c t e d s i d e ; 2 w h i l e oscillatory movements of the eyes m a y 

o c c a s i o n a l l y a c c o m p a n y t h e v e r t i g o d e p e n d e n t u p o n d i s ea se 

o f t h e a c o u s t i c a p p a r a t u s . 

I t i s w e l l k n o w n t h a t t h e semicircular canals w i t h i n t h e 

t e m p o r a l b o n e , w h e n d i s e a s e d , a r e l i a b l e t o c r e a t e t h e s o - c a l l e d 

M e n i e r e ' s m a l a d y , i n w h i c h constant vertigo i s a p r o m i n e n t 

s y m p t o m ; a n d e x p e r i m e n t s u p o n b i r d s a n d a n i m a l s 3 s e e m t o 

s h o w t h a t , i n s o m e u n k n o w n w a y , t h e s e c a n a l s a f f e c t c o o r d i 

n a t i o n o f m o v e m e n t a n d t e n d t o p r e s e r v e t h e e q u i l i b r i u m o f 

t h e b o d y . 

W h e n t h e horizontal canal o f t h e b i r d i s c u t , t h e h e a d i s 

c o n s t a n t l y m o v e d f r o m s i d e t o s i d e ; w h e n t h e posterior verti

cal canal i s c u t , t h e h e a d i s m o v e d u p a n d d o w n ; w h e n t h e 

anterior vertical caned i s s e v e r e d , t h e m o v e m e n t o f t h e h e a d 

i s i n a d i a g o n a l d i r e c t i o n . I f s e c t i o n o f e i t h e r o f t h e s e c a n a l s 

b e m a d e , u p o n b o t h s i de s o f t h e h e a d , t h e m o v e m e n t s o f t h e 

h e a d a b o v e d e s c r i b e d a r e p e r m a n e n t ; b u t , i f m a d e o n o n e 
1 "Bri t . Med. Jour.," April, 1877. 
'* Sehwaback, as quoted by Hughlings-Jackson. 
3 Flourens. 18'M ; Crum Brown, "Jour. Anat. Phys.," 1874; Cyan, "These pour le 

doctorat in medicine," as quoted by Foster. 



216 THE CRANIAL NERVES. 

s i d e o n l y , t h e y t e n d t o d i s a p p e a r w i t h i n t w e n t y - f o u r o r f o r t y -

e i g h t h o u r s . 1 I f t h e s ame class o f e x p e r i m e n t s b e m a d e u p o n 

r a b b i t s , t h e m o v e m e n t s o f t h e h e a d a r e less m a r k e d , b u t o s c i l 

l a t i n g m o v e m e n t s o f t h e e y e b a l l s ( n y s t a g m u s ) a r e d e v e l o p e d ; 

w h i l e , i f m a d e u p o n c e r t a i n o t h e r a n i m a l s , a lo s s o f c o o r d i n a 

t i o n i n t h e m o v e m e n t s o f t h e b o d y a n d l i m b s i s s o m e t i m e s 

p r o d u c e d . 2 

W h e n a p e r s o n i s rotated f o r s o m e t i m e , a sense o f v e r t i g o 

i s p r o d u c e d ; a n d t h i s s y m p t o m seems t o w a r r a n t t h e s u p p o s i 

t i o n t h a t s o m e a b n o r m a l e f f e c t i s p r o d u c e d w i t h i n t h e semicir

cular canals, t h r o u g h t h e a u d i t o r y n e r v e f i l a m e n t s , p o s s i b l y 

as a r e s u l t o f concussion o f t h e fluids of the ear a g a i n s t t h e 

b o n y w a l l . 3 

T h e f o l l o w i n g q u o t a t i o n f r o m M i c h a e l F o s t e r , 4 i n d i s c u s s 

i n g t h e d i f f e r e n t t h e o r i e s a d v a n c e d t o e x p l a i n c o o r d i n a t i o n o f 

m o v e m e n t a n d t h e v a r i o u s r e f l e x p h e n o m e n a w h i c h a r e c o n 

s t a n t l y b r o u g h t t o t h e n o t i c e o f t h e p h y s i o l o g i s t , seems p a r 

t i c u l a r l y a p p l i c a b l e t o t h e p r a c t i c a l b r a n c h e s o f m e d i c i n e : 

" A l l d a y l o n g , a n d e v e r y d a y , m u l t i t u d i n o u s a f f e r e n t i m 

p u l s e s , f r o m e y e a n d ear, a n d s k i n a n d m u s c l e , a n d o t h e r 

t i s s u e s a n d o r g a n s , a r e s t r e a m i n g i n t o o u r n e r v o u s s y s t e m , 

a n d , d i d e a c h a f f e r e n t i m p u l s e p r o d u c e i t s c o r r e l a t i v e m o t o r 

i m p u l s e , o u r l i f e w o u l d b e a p r o l o n g e d c o n v u l s i o n . A s i t i s , 

1 E. Cyon, op. cit, 1878. 
2 The experiments of Arthur Bottcher, made in 1872, seem to conflict with those of 

Cyon, Goltz, and Flourens, as to the function of the semicircular canals. He claims that 
the section of either canal can be made without causing any symptoms of incoordination, 
provided the auditory nerve filaments are not pulled upon. The fact that the auditory 
nerve is not bound down at any point between the brain and the labyrinth explains, ac
cording to this observer, why the slightest traction upon it may injure its attachment to 
the medulla, and thus create the symptoms described by Cyon, Goltz, and Flourens. 

3 A. I I . Buck, in a late treatise, reiterates his former statement, that nerves are not 
found in the semicircular canals, except in the ampullae. This fact he adduces in sup
port of the theory that they have no relation to the perception of sound impulses. He 
also claims that the small size of this portion of the membranous labyrinth, as compared 
with the diameter of the bony excavation, coupled with the peculiar reticulated arrange
ment which exists in the space between the membranous tube and the bony wall, further 
sustains his objection. This author seems to claim that the semicircular canals act as a 
means of relief to extreme intra-cochlcar pressure. Certainly, more light is needed upon 
the construction of this portion of the internal ear, before its function can be positively 
determined. 

4 Op. cit. 
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b y t h e c h e c k s a n d c o u n t e r - c h e c k s o f c e r e b r a l a n d s p i n a l a c t i v 

i l i e s , a l l t h e s e i m p u l s e s a r e d r i l l e d a n d m a r s h a l e d , a n d k e p t 

i n h a n d , i n o r d e r l y a r r a y , t i l l a m o v e m e n t i s c a l l e d f o r ; a n d 

t h u s w e a r e a b l e t o e x e c u t e a t w i l l t h e m o s t c o m p l e x b o d i l y 

m a n o e u v r e s , k n o w i n g o n l y tohy, a n d u n c o n s c i o u s , o r b u t d i m l y 

c o n s c i o u s , how w e c a r r y t h e m o u t . " 

T h e tensor tympani muscle, w h i c h h a s p r e v i o u s l y b e e n 

m e n t i o n e d as d e r i v i n g i t s m o t o r p o w e r f r o m t h e fifth n e r v e 

a n d o t i c g a n g l i o n , i s o f use , e v e n i n t h e q u i e s c e n t s t a t e , i n 

p r e v e n t i n g t h e m e m b r a n a t y m p a n i f r o m b e i n g p u s h e d t o o f a r 

o u t w a r d . D u r i n g i t s c o n t r a c t i o n , t h e m e m b r a n o u s d r u m o f 

t h e e a r i s m a d e t e n s e , f o r t h e p u r p o s e o f d e a d e n i n g s o m e 

s o u n d s o r o f f a v o r i n g t h e r e c e p t i o n o f o t h e r s , b y b r i n g i n g t h e 

t e n s i o n o f t h e m e m b r a n e i n m o r e p e r f e c t a t t u n e t o t h e s o u n d s 

w h i c h f a l l u p o n i t . I t m a y , t h e r e f o r e , b e c o n s i d e r e d i n s o m e 

r e s p e c t s as a n analogue to the ciliary muscle o f t h e e y e , 

s i n c e b o t h a c t as a s o r t o f a c c o m m o d a t i o n t o a m e c h a n i s m . 

I n s o m e p e r s o n s , t h i s m u s c l e i s u n d e r v o l u n t a r y c o n t r o l , a n d 

t h u s a crackling sound m a y b e p r o d u c e d w i t h i n t h e e a r a t 

w i l l , o r d i s c o r d s b e p r o d u c e d w h e n m u s i c a l s o u n d s a r e b e i n g 

l i s t e n e d t o . 

T h e stapedius muscle, w h i c h d e r i v e s i t s m o t o r p o w e r f r o m 

t h e f a c i a l n e r v e , i s s u p p o s e d t o r e g u l a t e t h e m o v e m e n t s o f t h e 

s t a p e s ( o n e o f t h e s m a l l b o n e s o f t h e m i d d l e e a r ) , a n d espe

c i a l l y t o p r e v e n t a n y s u d d e n o r e x c e s s i v e m o v e m e n t o f t h e 

m e m b r a n a t y m p a n i f r o m forcing its base t o o f a r i n t o t h e 

f e n e s t r a o v a l i s . 

T h e Eustachian tube i s u n q u e s t i o n a b l y o p e n during the 

act of swalloioing, b u t i t i s s t i l l d i s p u t e d w h e t h e r i t r e m a i n s 

p e r m a n e n t l y o p e n o r i s o p e n a t i n t e r v a l s . T h e s w e l l i n g o f 

t h e m u c o u s m e m b r a n e w h i c h l i n e s t h e t u b e , i n c a t a r r h a l 

i n f l a m m a t i o n , i n t e r f e r e s w i t h t h e e n t r a n c e o f a i r i n t o t h e 

m i d d l e ear , a n d i s f r e q u e n t l y a s s o c i a t e d w i t h t h a t p e c u l i a r 

ringing o r buzzing i n t h e e a r so o f t e n p r e s e n t d u r i n g a t t a c k s 

o f i n f l u e n z a , O n e o f t h e f u n c t i o n s o f t h i s t u b e i s u n d o u b t e d l y 

t o a f f o r d a m e a n s o f e x i t f o r t h e s e c r e t i o n s o f t h e c a v i t y o f 

t h e m i d d l e ear , a n d , i n case o f i n f l a m m a t i o n o f t h a t c a v i t y , 
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s h o u l d t h e E u s t a c h a i n t u b e b e c o m e c l o s e d , perforation of the 

drum w i l l ensue , w h e n t h e p r e s e n c e o f t h e a c c u m u l a t e d p u s 

c rea tes i m p e r f e c t n u t r i t i o n o f t h a t m e m b r a n e a n d c o n s e q u e n t 

u l c e r a t i o n o f i t s coa ts . 

W a v e s o f s o u n d c a n a n d d o r e a c h t h e e n d o l y m p h o f t h e 

i n t e r n a l ear b y direct conduction t h r o u g h t h e s k u l l . S ince , 

h o w e v e r , s o n o r o u s v i b r a t i o n s a r e t r a n s m i t t e d f r o m t h e a i r t o 

s o l i d s a n d l i q u i d s ( a n d - m o s t s o u n d s c o m e t o u s t h r o u g h t h e 

a i r ) , s o m e s p e c i a l a p p a r a t u s i s r e q u i r e d t o t h u s t r a n s f e r t h e 

a e r i a l v i b r a t i o n s t o t h e fluids o f t h e l a b y r i n t h . T h e l a t e m e 

c h a n i c a l dev i ce s , r e c o m m e n d e d f o r t h e r e l i e f o f p e r f e c t d e a f 

ness, i n w h i c h t h e teeth are used as a c o n d u c t i n g m e d i u m , 

h a v e n o t as y e t f u l f i l l e d t h e p r e d i c t i o n s o f t h e i r i n v e n t o r s . 1 

T h e d e a f n e s s w h i c h o f t e n f o l l o w s s u p p u r a t i o n o f t h e m i d 

d l e ea r does n o t n e c e s s a r i l y i n d i c a t e a n y d i s e a s e d c o n d i t i o n 

o f t h e a u d i t o r y n e r v e , s ince i t m a y b e t h e r e s u l t o f perfora

tion o f t h e membrana tympani; o r o f a n a b n o r m a l c o n d i t i o n 

o f t h e bones of the middle ear, b o t h o f w h i c h m i g h t i n t e r f e r e 

m o s t s e r i o u s l y w i t h t h e t r a n s m i s s i o n o f s o u n d . 

F o r e i g n b o d i e s i n t h e ea r o f t e n c r e a t e m o s t alarming 

symptoms ; a n d e v e n a n a c c u m u l a t i o n o f w a x , p r e s s i n g o n t h e 

d r u m , m a y c r e a t e a m e n t a l c o n d i t i o n s t r o n g l y r e s e m b l i n g t h e 

e x c i t e m e n t o f a l c o h o l o r m a n i a . 3 E v e n s y r i n g i n g t h e ea r h a s 

b e e n k n o w n t o p r o d u c e f a i n t i n g a n d severe a t t a c k o f a u d i 

t o r y v e r t i g o . P r o l o n g e d s u p p u r a t i o n o f t h e m i d d l e ea r m a y 

b e t h e d i r e c t cause o f f a t a l i n f l a m m a t i o n o f t h e m e n i n g e s o f 

t h e b r a i n . 

Neuroses o f t h e acoustic nerve a re , o f n e c e s s i t y , m o r e o b 

s c u r e a n d d i f f i c u l t o f d e t e c t i o n t h a n t h o s e o f t h e o t h e r s p e c i a l 

1 It has long been the custom with otologists to use a tuning-fork, placed upon the 
forehead (when in vibration), to determine between disease of the middle ear and that of 
the labyrinth; since in the former the affected ear hears the tuning-fork most plainly, 
while, in the latter, the unaffected ear hears it most distinctly. 

2 Perforation of the external drum of the ear does not necessarily create deafness. 
That remarkable case, reported by Sir Astley Cooper, when both drums were nearly de
stroyed and where the patient could still hear ordinary conversation, illustrates this 
point. 

3 See case of a louse in the ear, reported by Hughlings-Jackson, "Lancet," October, 
1880. 
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s e n s e s ; s i n c e t h e t e s t s o f n o r m a l s i g h t , s m e l l , a n d t a s t e a r e 

m u c h m o r e e a s y a n d s a t i s f a c t o r y t h a n t h e a p p r e c i a t i o n o f t h e 

f a c u l t y o f a fine d i s c r i m i n a t i o n o n t h e p a r t o f t h e p a t i e n t be 

t w e e n n o t e s o f a d i f f e r e n t p i t c h a n d q u a l i t y . T o w h a t e x t e n t 

t h e o r i g i n a l a n d e x h a u s t i v e r e s e a r c h e s o f B r e n n e r , 1 as t o t h e 

v a l u e o f t h e g a l v a n i c c u r r e n t i n t h e d i a g n o s i s o f a b n o r m a l c o n 

d i t i o n s o f t h e n e r v e filaments w i t h i n t h e c h a m b e r s o f t h e l a b y 

r i n t h , w i l l b e s u s t a i n e d b y p a t h o l o g i c a l a n d c l i n i c a l i n v e s t i g a 

t i o n , i t i s d i f f i c u l t n o w t o s a y ; b u t i t c e r t a i n l y a p p e a r s t o s h e d 

s o m e l i g h t u p o n a field o f d i a g n o s i s w h i c h h a s b e e n a l m o s t 

u n e x p l o r e d o n a c c o u n t o f t h e d i f f i c u l t i e s w h i c h h a v e h i t h e r t o 

e x i s t e d . I t w i l l e x c e e d t h e s c o p e o f t h i s v o l u m e t o e n t e r i n t o 

t h e d e t a i l o f t h i s n e w m e t h o d , s i n c e t h e p r i n c i p l e s o f t h e 

m a n i f e s t a t i o n o f t h e e l e c t r i c c u r r e n t u p o n n e r v e t i s s u e w o u l d 

h a v e t o b e e x p l a i n e d , a n d t h e d i f f e r e n t f o r m u l a e o f n e r v e reac 

t i o n g i v e n . I t c a n , h o w e v e r , b e s t a t e d t h a t t h e p r i n c i p l e c o n 

s i s t s o f o b t a i n i n g c e r t a i n s e n s a t i o n s b y m e a n s o f t h e a u d i t o r y -

n e r v e filaments, w h e n o n e m o i s t e n e d p o l e o f a n e l e c t r i c b a t 

t e r y i s p l a c e d u p o n t h e t r a g u s o r t h e a u d i t o r y m e a t u s , a n d 

t h e o t h e r t o t h e b a c k o f t h e n e c k o r t h e i n n e r s i d e o f t h e 

a r m , a n d t h e i n t e n s i t y o f t h e c u r r e n t r e g u l a t e d b y m e a n s o f 

t h e r h e o s t a t . 2 B y t h i s m e a n s t h e c o n d i t i o n o f a c o u s t i c h y p e r 

e s t h e s i a a n d o f anaes the s i a m a y b e d e t e c t e d w i t h a n a c c u r a c y 

w h i c h o l d e r m e t h o d s c o u l d n o t a f f o r d . 

T h e s t a t e o f acoustic hyperesthesia m a y b e o f c e n t r a l 

o r i g i n o r d e p e n d e n t u p o n s o m e p e r i p h e r a l cause . I f d u e t o 

t h e f o r m e r , i t m a y b e d e v e l o p e d i n c o n n e c t i o n w i t h c h r o n i c 

c e p h a l a l g i a , h y s t e r i a , i n s a n i t y , c e r e b r a l h y p e r e m i a , a n d w i t h 

i r r i t a t i v e c o n d i t i o n s o f t h e b r a i n o r s p i n a l c o r d . I t i s s o m e 

t i m e s a s s o c i a t e d w i t h h a l l u c i n a t i o n s -o f h e a r i n g , e s p e c i a l l y 

i f p r e s e n t as a c o m p l i c a t i o n o f i n s a n i t y T h e p e r i p h e r a l 

causes o f t h i s c o n d i t i o n c o m p r i s e a n y t h i n g w h i c h c a n p r o 

d u c e a n exaggeration of the tension o f t h e m u s c l e s o r b o n e s 

o f t h e m i d d l e ear , t h u s r e s u l t i n g i n a c o n s t a n t c o m p r e s s i o n 

o f t h e i n t e r n a l s t r u c t u r e s o f t h e l a b y r i n t h . T h e e x p e r i 

m e n t s o f L u c a e s e e m t o p o i n t t o t h e tensor tympani mus-

1 As discussed in detail by Erb, Rosenthal, and others. - Erb's rule. 
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cle as t h e a g e n t i n a c c o m m o d a t i n g t h e b o n e s o f t h e m i d d l e 

ea r t o t h e k e e n e s t a p p r e c i a t i o n o f musical tones, w h i l e t h e 

stapedius muscle p r e s i d e s o v e r t h e a c c o m m o d a t i o n f o r shriller 

a n d non-musical auditory sensations. W e c a n t h u s u n d e r 

s t a n d , i f t h i s b e t r u e , h o w p a r a l y s i s o f t h e s t a p e d i u s m u s c l e 

w o u l d c rea t e a n h y p e r e s t h e s i a o f t h e a c o u s t i c a p p a r a t u s , a n d , 

as t h i s m u s c l e m a y b e a f f e c t e d i n f a c i a l p a r a l y s i s , h o w a l l o f 

t h e causes o f t h a t c o n d i t i o n m a y b e t h e e x c i t i n g causes a l so 

o f t h i s a f f e c t i o n o f t h e ear . 1 

T h e s t a t e o f anaesthesia o f t h e a u d i t o r y n e r v e i s a l w a y s 

a s s o c i a t e d w i t h s o m e severe a n d p e r s i s t e n t d e f e c t i n h e a r i n g , 

s ince t h e f i l a m e n t s o f t h e a u d i t o r y n e r v e a re n o l o n g e r a b l e t o 

t r a n s m i t t h e i m p r e s s i o n s o f s o u n d . I t s causes a r e b u t p o o r l y 

u n d e r s t o o d , b u t i t seems p o s i t i v e t h a t l e s i o n s o f t h e p o s t e r i o r 

r e g i o n s o f t h e m e s o - c e p h a l o n , t h e m e d u l l a , a n d c e r e b e l l u m , as 

w e l l as n e w g r o w t h s a t t h e base o f t h e b r a i n , e x c e s s i v e i n t r a 

c r a n i a l p r e s s u r e , a n d l o c a l d i sease o f t h e l a b y r i n t h i t s e l f , m a y 

b e t h u s m a n i f e s t e d . T h e d e a f n e s s w h i c h f o l l o w s t h e e x a n -

t h e m a t o u s f e v e r s , a n d i s o b s e r v e d i n h y s t e r i a a n d a t a x i a , 

u s u a l l y i n d i c a t e s c h a n g e s i n t h e meninges o f t h e b r a i n , w h i c h , 

i f severe , p r o d u c e a n i n c u r a b l e los s o f h e a r i n g . M a l f o r m a 

t i o n s o f t h e i n t e r n a l o r m i d d l e ear, e i t h e r c o n g e n i t a l , o r ac

q u i r e d d u r i n g c h i l d h o o d a f t e r c e r e b r a l d iseases , a r e t h e c o m 

m o n causes o f deaf-mutism. 

THE GLOSSO-PHARYNGEAL, OR NINTH NERVE. 

Like the two previous nerves, both the superficial and 

d e e p p o i n t s o f o r i g i n o f t h e g l o s s o - p h a r y n g e a l n e r v e a r e s i t u 

a t e d i n t h e m e d u l l a o b l o n g a t a , a s e p a r a t e gray nucleus i n t h e 

floor of the fourth ventricle b e i n g a s c r i b e d t o i t . 3 T h i s n e r v e 

escapes f r o m a g r o o v e b e t w e e n t h e lateral tract a n d t h e resti-

f o r m body o f t h e m e d u l l a , l y i n g b e l o w t h e a u d i t o r y n e r v e 

a n d a b o v e t h e p n e u m o g a s t r i c , a n d passes o u t o f t h e c a v i t y o f 
1 This may be deemed incompatible with statements made on page 194 of this vol

ume, as the tensor tympani muscle was there 'stated to be an agent in creating auditory 
defect in Bell's paralysis. 

2 Ferrier, " Functions of the Brain," London, 1876. 
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t h e c r a n i u m b y t h e j u g u l a r f o r a m e n , w h e r e i t l i e s i n c lo se 

r e l a t i o n w i t h t h e p n e u m o g a s t r i c a n d s p i n a l a c c e s s o r y n e r v e s , 

t h e j u g u l a r v e i n , a n d t h e i n f e r i o r m e n i n g e a l a r t e r y I t p o s 

sesses m o t o r a n d s e n s o r y fibers, a n d fibers w h i c h a s s i s t i n 

t h e a p p r e c i a t i o n o f t h e s p e c i a l sense o f t a s t e . 

FIG. 79.— Glosso-pharyngeal nerve. (Sappey.) 
1, large root of the f i f th nerve ; 2, ganglion of Gasser ; 3, ophthalmic division of the fifth ; 

4, superior maxillary division; 5, inferior maxillary division; 6, 10, lingual branch 
of the fifth, containing the filaments of the chorda tympani; 7, branch from the sub
lingual to the lingual branch of the fifth; 8, chorda tympani; 9, inferior dental 
nerve; 10, terminal filaments of the lingual nerve; 11, submaxillary ganglion ; 12, 
mylo-hyoid branch of the inferior dental nerve; 13, anterior belly of the digastric 
muscle; 14, section of the mylo-hyoid muscle; 15, 18, glosso-pharyngeal nerve; 16, 
ganglion of Andcrsch ; 17, branches from the glosso-pharyngeal to the stylo-glossus 
and the stylo-pharyngeus muscles, 19, 19, pneumogastric; 20, 21, ganglia of the 
pneumogastric; 22, 22, superior laryngeal nerve; 23, spinal accessory; 24, 25, 26, 
27, 28, sublingual nerve and branches. 

By reference to the diagram,1 it will be perceived that two 

ganglioform enlargements are developed upon this nerve, the 

upper one being situated on a level of the upper opening of 

1 See Fig. SO, on the following page. 
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t h e j u g u l a r f o r a m e n , w h i l e t h e 

FIG. 80.—A diagram of the branches of 
the ninth cranial 'or glosso-pharyn
geal nerve. 

1, filaments of origin, extending into 
the medulla oblongata ; 2, the jug
ular foramen, through which the 
nerve escapes from the cranium ; 
8, the jugular ganglion, developed 
upon the nerve in the jugular fora
men ; 4, the ganglion of Andersch, 
or the "petrous ganglion " ; 5, the 
auricular branch, deriving a fila
ment also from the pneumogastric 
nerve; 6, a communicating branch 
to the pneumogastric nerve; 7, a 
communicating branch to the sym
pathetic nerve; 8, the tympanic 
brancJi or " Jacobson's nerve," dis
tributed to the middle ear; 9, a 
communicating branch to the carot
id plexus of the sympathetic; 10, 
the tonsillar branches, distributed 
to the tonsil; 11, a portion of the 
pharyngeal plexus, formed also by 
the pneumogastric nerve; 12, the 
lingual branches, distributed to the 
mucous membrane and the papillae 
of the base and sides of the tongue. 

l o w e r o n e l i e s s l i g h t l y b e l o w t h e 

f o r a m e n . T o t h e first, t h e n a m e 

"jugular ganglion " i s a p 

p l i e d , w h i l e t h e s e c o n d i s c a l l e d 

t h e "ganglion of Andersch;1 

a f t e r i t s d i s c o v e r e r . T h e s e t w o 

g a n g l i a d o n o t i n c l u d e t h e s ame 

r e l a t i v e p r o p o r t i o n o f n e r v e fibers 

d e r i v e d f r o m t h e g l o s s o - p h a r y n 

g e a l , s ince t h e j u g u l a r g a n g l i o n 

i s d e v e l o p e d u p o n o n l y a p o r 

t i o n o f t h e n e r v e , w h i l e t h e 

g a n g l i o n o f A n d e r s c h i n c l u d e s 

a l l t h e filaments o f t h e t r u n k o f 

t h a t n e r v e . 
W i t h i n t h e j u g u l a r f o r a m e n , 

t h e g l o s s o - p h a r y n g e a l n e r v e l i e s 

i n f r o n t o f t h e s p i n a l a cce s so ry 

a n d p n e u m o g a s t r i c n e r v e s , w h i c h 

a re s e p a r a t e d f r o m i t b y a s h e a t h 

w h i c h i n v e s t s t h e t w o l a t t e r , a n d 

i t b e a r s a n i n t i m a t e r e l a t i o n w i t h 

t h e j u g u l a r v e i n w i t h i n t h e f o r a 

m e n , a n d a l s o i n t h e n e c k . 

A s a motor nerve,1 t h e g l o s s o 

p h a r y n g e a l s u p p l i e s t h e l e v a t o r 

p a l a t i , a z y g o s u v u l s e , 2 s t y l o -

p h a r y n g e u s , a n d t h e m i d d l e 

c o n s t r i c t o r o f t h e p h a r y n x ; 

w h i l e , as a n e r v e o f general sen-

1 It is extremely doubtful if the glosso
pharyngeal nerve possesses any motor fibers 
which are not derived from other nerves by 
filaments of communication. 

4 These muscles, if supplied by this nerve 
(as experiments seem to show), are reached 
by fibers sent to the facial nerve, and after
ward, by means of the great petrosal* branch, 
to Meckel's ganglion. 
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sat ion, i t s u p p l i e s t h e r o o t o f t h e t o n g u e , t h e s o f t p a l a t e , t h e 

p h a r y n x , t h e E u s t a c h i a n t u b e , a n d t h e t y m p a n u m . I t w i l l b e 

t h u s p e r c e i v e d t h a t t h e g l o s s o - p h a r y n g e a l n e r v e possesses , 

FIG. 81.—Papillce of the tongue. (Sappey.) 
1, 1, circumvallate papillae; 2, median circumvallate papilla, which entirely fills the fora

men caecum; 3, 3, 3, 3, fungiform papillae ; 4, 4, filiform papillae; 5, 5, vertical 
folds and furrows of the border of the tongue ; 6, 6, 6, 6, glands at the base of the 
tongue; 7, 7, tonsils ; 8, epiglottis ; 9, median glosso-epiglottidean fold. 

within itself, all the necessary fibers to insure those succes

sive acts of a refiex type which occur during deglutition, 

1 It is denied by some physiologists that the sensory filaments, which are the main 
agents in exciting the reflex acts perceived during deglutition, are those of the glosso
pharyngeal nerve: since the sensory filaments of the fifth nerve distributed to the palate 
and pharynx from Meckel's ganglion seem to also fulf i l l that important function. 
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a n d i t i s b y t h i s n e r v e t h a t t h e s e c o n d a c t o f d e g l u t i t i o n i s 

c h i e f l y e x c i t e d a n d p e r f o r m e d . 

T h e sense of taste, w h i c h i s a f f o r d e d b y t h e g l o s s o - p h a r y n 

g e a l , i s c o n f i n e d t o t h e posterior third o f t h e t o n g u e . A s i m 

i l a r d i s t r i b u t i o n o f i t s s e n s o r y fibers i s r e m a r k a b l y i l l u s t r a t e d 

i n t h a t case o f H i l t o n ' s , w h e r e a n a t t a c k o f t o n s i l l i t i s p r o 

d u c e d a s y m p a t h e t i c furring o f t h e posterior third only o f 

t h e l a t e r a l h a l f o f t h e t o n g u e . 

T h o u g h a n a l o g y w o u l d l e a d u s t o s u p p o s e t h a t a s t i m u l u s 

a p p l i e d t o a n y p a r t o f t h e c o u r s e o f t h e g u s t a t o r y fibers o f t h e 

g l o s s o - p h a r y n g e a l n e r v e w o u l d g i v e r i s e t o a s e n s a t i o n o f 

t a s t e a n d n o t h i n g else, t h e p r o o f i s n o t f o r t h c o m i n g ; s i n c e 

t h i s n e r v e , as b e f o r e s t a t e d , i s a m i x e d n e r v e c o n t a i n i n g sen

s o r y fibers as w e l l as t h o s e o f t a s t e . 

FIG. 82. FIG. 83. 
Varieties of papillce of the tongue. (Sappey.) 

FIG. 82.—Medium-sized circumvallate papilla: 1, papilla, the base only being apparent: 
it is seen that the base is covered with secondary papillae; 2, groove between the 
papilla and the surrounding wall; 3, 3, wall of the* papilla. 

FIG. 83.—Fungiform, filiform, and hemispherical papillae: 1, 1, two fungiform papillae, 
covered with secondary papillae; 2, 2, 2, filiform papillae; 3, a filiform papilla, the 
prolongations of which are turned outward; 4, a filiform papilla, with vertical pro
longations ; 5, 5, small filiform papillae, with the prolongations turned inward; 6, 6, 
filiform papillae, with striations at their bases; 7, 7, hemispherical papillae, slightly 
apparent, situated between the fungiform and the filiform papillae. 

Bitter substances are most tasted upon the bach of the 

tongue, a n d s w e e t s u b s t a n c e s w h e n p l a c e d upon the t i p ; 2 

a p o i n t n o t w i t h o u t v a l u e i n a d m i n i s t e r i n g m e d i c i n e s . T h e 

1 "Rest and Pain." For similar effects due to the fifth nerve, see a previous lecture. 
2 Mich. Foster, op cit. 
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s o - c a l l e d " g u s t a t o r y b u d s , " w h i c h b y s o m e h a v e b e e n r e 

g a r d e d as s p e c i f i c o r g a n s o f t a s t e , a r e f o u n d a l s o u p o n t h e 

e p i g l o t t i s , w h i c h i s w h o l l y d e v o i d o f t a s t e ; h e n c e t h e i r f u n c 

t i o n c a n n o t as y e t b e c o n s i d e r e d as f u l l y d e t e r m i n e d . 

A s a m e a n s o f r e f r e s h i n g y o u r m e m o r y , t h e f o l l o w i n g 

c l a s s i f i c a t i o n o f t h e b r a n c h e s o f t h e g l o s s o - p h a r y n g e a l n e r v e 

m a y p r o v e o f v a l u e . I t w i l l b e s e e n t h a t t h e t y m p a n i c b r a n c h , 

o r J a c o b s o n ' s n e r v e , i s s p e c i a l l y i m p o r t a n t , s i n c e i t s u p p l i e s 

p o r t i o n s o f t h e m i d d l e e a r w h i c h h a v e b e e n s t u d i e d , w h e n t h e 

a u d i t o r y n e r v e w a s d i s c u s s e d , i n t h e i r r e l a t i o n t o t h e m e c h a n 

i s m o f h e a r i n g ; a n d a l s o b e c a u s e i t g i v e s a f i l a m e n t t o t w o 

o f t h e p e t r o s a l n e r v e s , w h o s e f u n c t i o n s h a v e b e e n c o n s i d e r e d 

i n c o n n e c t i o n w i t h t h e s e v e n t h c r a n i a l n e r v e . 1 

A TABLE OF THE BRANCHES OF THE GLOSSO-PHARYNGEAL NERVE 
AND THEIR DISTRIBUTION. 2 

GLOSSO-PHARYNGEAL 
(Ninth Cranial) 

NERVE. 

1. Tympanic branch, or 
Jacobson's nerve. 

Communicating 
filaments to 

Branches of 
distribution to 

f Large petrosal nerve, 
<! Carotid plexus, 
[_ Small petrosal nerve. 

{Fenestra ovalis, 

Fenestra rotunda, 
Eustachian tube. 

2. Carotid branches. 
3. Pharyngeal branches (help to form the pharyngeal plexus). 
4. Muscular branches (to muscles of the pharynx). 
5. Tonsillar branches (help to form the tonsillar plexus). 
6. Lingual branches. 

EFFECTS OF SECTION. 

S e c t i o n o f t h e g l o s s o - p h a r y n g e a l n e r v e i s f o l l o w e d b y a t y p e 

o f p a r a l y s i s , i n w h i c h d e g l u t i t i o n b e c o m e s a n a c t o f e x t r e m e 

d i f f i c u l t y , a n d i n w h i c h r e g u r g i t a t i o n o f f o o d i n t o t h e n o s t r i l 

i s p a r t i c u l a r l y l i a b l e t o o c c u r . T h e sense o f taste i n t h e pos

terior third o f t h e t o n g u e i s f u r t h e r m o r e c o m p l e t e l y d e s t r o y e d , 

t h u s t e n d i n g t o p r o v e t h a t t h e gustatory fibers a r e inherent to 

the nerve i t s e l f , a n d n o t t h e r e s u l t o f a c o m m u n i c a t i o n b e t w e e n 

1 Flint ascribes to the chorda tympani nerve the ability to perceive only saline, acid, 
and styptic qualities; and to the glosso-pharyngeal nerve, the appreciation of sweet, alka
line, bitter, and metallic tastes. 

2 Copied from the " Essentials of Anatomy " (Darling and Ranney). Putnam's Sons, 
New York, 1S80. 
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i t a n d s o m e o t h e r n e r v e , as i s c l a i m e d i n r e f e r e n c e t o t h e g u s 

t a t o r y l i b e r s o f t h e f i f t h . 

I t i s s t a t e d , b y s o m e o f t h e l a t e r i n v e s t i g a t o r s u p o n t h i s 

s u b j e c t , t h a t t h e sense o f t a s t e i s n o t a l o n e c o n f i n e d t o t h e 

t o n g u e , b u t e x i s t s a l so i n t h e pillars of the fauces a n d t h e 

walls of the pharynx, a n d t h a t s e c t i o n o f t h e g l o s s o - p h a r y n 

g e a l n e r v e causes a n e n t i r e a b o l i t i o n o f t h i s p o w e r o f s p e c i a l 

sense i n t h e s e l a t t e r r e g i o n s , as w e l l as i n t h e p o s t e r i o r t h i r d 

o f t h e t o n g u e . 2 

THE ACT OF DEGLUTITION AND ITS MECHANISM. 

T h e a c t o f d e g l u t i t i o n i s , p e r h a p s , m o r e p r o p e r l y c o n 

n e c t e d w i t h t h e g l o s s o - p h a r y n g e a l n e r v e t h a n w i t h a n y o t h e r , 

a l t h o u g h t h a t n e r v e ass is ts i n t h e p e r f o r m a n c e o f o n e s t age 

o n l y o f t h e e n t i r e ac t . F o r c o n v e n i e n c e o f d e s c r i p t i o n , i t h a s 

b e e n t h e c u s t o m o f p h y s i o l o g i s t s t o d i v i d e t h e a c t o f d e g l u t i 

t i o n i n t o t h r e e d i s t i n c t p e r i o d s . T h e f i r s t p e r i o d , c o m p r i s i n g 

FIG. 84.— Taste buds from the lateral taste organ of the rabbit. (Engelmann.) 

the passage of the bolus of food through the mouth, which is 

u n d e r t h e c o n t r o l o f t h e v o l u n t a r y m u s c l e s ; t h e s e c o n d , t h e 

passage o f t h e b o l u s t h r o u g h t h e i s t h m u s o f t h e f a u c e s a n d 

t h e p h a r y n x ; t h e t h i r d , t h e passage t h r o u g h t h e o e s o p h a g u s 

t o t h e c a v i t y o f t h e s t o m a c h . 

I n t h e first period, t h e f o o d i s f i r s t se ized b y t h e l i p s , t h e n 

1 See previous lecture on the fifth nerve, and also the lecture upon the facial nerve. 
2 Experiments seem to point to the f ungiform and circumvallate papilla; of the tongue 

as the chief agents in perceiving taste, if the " taste buds " of Lo\v6n and Schwalbe are 
accepted as proven. See Fig. 84. 
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f o r c e d b e t w e e n t h e j a w s b y t h e t o n g u e a n d t h e b u c c i n a t o r 

m u s c l e s ; a n d b y t h e t e e t h i t i s n o t o n l y m a s t i c a t e d , b u t i s 

a l s o m i x e d w i t h t h e s a l i v a r y s e c r e t i o n . W h e n t h e f o o d i s 

r e a d y t o b e s w a l l o w e d , t h e m o u t h i s first c l o s e d , as t h e a c t i s 

p e r f o r m e d w i t h e x t r e m e d i f f i c u l t y w h e n t h e m o u t h i s o p e n , be 

c a u s e t h e t o n g u e c a n n o t p r o p e r l y a c t u p o n t h e b o l u s . 1 T h e 

t o n g u e n o w b e c o m e s w i d e n e d , so as t o o f f e r a l a r g e s u r f a c e 

t o t h e b o l u s o f f o o d , a n d , w i t h t h e b o l u s p l a c e d b e h i n d i t , i s 

p r e s s e d b a c k w a r d a l o n g t h e r o o f o f t h e m o u t h . I n case t h e 

f o o d t o b e s w a l l o w e d h a p p e n s t o b e i n a l i q u i d f o r m , t h e 

t o n g u e i s so c u r v e d t h a t i t s e d g e s c u r l u p w a r d , w h i l e i t s 

d o r s u m i s d e p r e s s e d i n t h e c e n t e r , t h u s f o r m i n g a longitu

dinal groove a l o n g i t s e n t i r e l e n g t h ; a n d t h e s o f t p a l a t e i s 

so c l o s e l y a p p l i e d t o t h e ba se o f t h e t o n g u e as t o a d m i t o f a 

s u c k i n g f o r c e . 

T h e i m p o r t a n c e o f t h e t o n g u e d u r i n g t h i s p e r i o d o f t h e a c t 

o f s w a l l o w i n g c a n n o t b e o v e r e s t i m a t e d . A n i m a l s , i n w h i c h 

t h e t o n g u e h a s b e e n p a r a l y z e d b y s e c t i o n o f t h e n e r v e s o f t h a t 

o r g a n , e x h i b i t t h e u t m o s t d i s t r e s s i n t h e i r e f f o r t s t o b r i n g t h e 

f o o d t o t h e b a c k p o r t i o n o f t h e m o u t h , a n d a r e f o r c e d t o so 

tos s t h e h e a d as t o b r i n g t h e f o r c e o f g r a v i t y t o t h e i r a i d . 3 

D r i n k i n g , a l s o , b e c o m e s e v e n m o r e i n t e r f e r e d w i t h , a n d t h e 

t o n g u e i s n o l o n g e r u s e d t o h e l p i n t h e a c t ; h e n c e , v a r i o u s 

d e v i c e s a r e u s e d t o b r i n g t h e f l u i d w h e r e t h e r e f l e x a c t o f t h e 

f a u c e s w i l l h e l p t o c a r r y i t t o t h e s t o m a c h . I f i t w e r e n o t f o r 

t h e f a c t t h a t , a f t e r r e m o v a l o f t h e t o n g u e f o r l o c a l d i sease , 

t h e s t u m p w a s o f s u f f i c i e n t l e n g t h t o b e o f g r e a t a s s i s t a n c e i n 

c o n t r o l l i n g t h e b o l u s o f f o o d , s u c h a n o p e r a t i o n w o u l d b e a 

q u e s t i o n a b l e p r o c e d u r e i n s u r g e r y . 

I t m a y b e n o t i c e d , b y t h o s e o f y o u w h o h a v e b e e n f o l l o w 

i n g t h e s e r e m a r k s w i t h ca re , t h a t t h e g l o s s o - p h a r y n g e a l n e r v e 

h a s , as y e t , h a d n o i n f l u e n c e u p o n t h e m e c h a n i s m o f d e g l u t i 

t i o n , s i n c e t h e b u c c i n a t o r m u s c l e s a r e s u p p l i e d b y t h e f a c i a l 

n e r v e , a n d t h e t o n g u e b y t h e h y p o - g l o s s a l n e r v e s , w h i c h h a v e 
1 For the clinical proof of this fact, the reader is referred to the effects of " facial 

diplegia." See page 197. 
2 We see this also marked, but to a less extent, in patients afflicted with glosso-labial 

paralysis. 
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n o t , as y e t , b e e n d e s c r i b e d ; b u t , as t h e s e c o n d a n d t h i r d 

p e r i o d s o f t h e a c t a r e t h e m o s t c o m p l e x , a n d t h e s e c o n d m o s t 

c o m p l e t e l y u n d e r t h e c o n t r o l o f t h a t n e r v e , t h e o m i s s i o n o f 

t h e m e c h a n i s m o f t h e f i r s t p e r i o d , u n t i l t h e w h o l e c o u l d b e 

c o n s i d e r e d t o g e t h e r , w a s f o r t h e p u r p o s e o f m a k i n g t h e s u b -

Fiu. 85.—Cavities of the mouth and pharynx, etc. (Sappey.) 
Section in the median line of the face and the superior portion of the neck, designed to 

show the mouth in its relations to the nasal fossae, the pharynx, and the larynx: 1, 
sphenoidal sinuses ; 2, internal orifice of the Eustachian tube ; 3, palatine arch; 4, 
velum pendulum palati; 5, anterior pillar of the soft palate; 6, posterior pillar of 
the soft palate ; 7, tonsil; 8, lingual portion of the cavity of the pharynx ; 9, epi
glottis ; 10, section of the hyoid bone; 11, laryngeal portion of the cavity of the 
pharynx; 12, cavity of the larynx. 

ject more easy of comprehension than if the different periods 

were considered separately from each other. The effect of 

section of the inferior maxillary branch of the fifth nerve 

upon the act of deglutition has been mentioned in a previous 

lecture, but this effect is due, not alone to an absence of the 
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normal muscular power of the muscles of mastication, but 

a l s o t o a n a n a e s t h e t i c c o n d i t i o n o f t h e m u c o u s l i n i n g o f t h e 

m o u t h , w h i c h r e n d e r s t h e t o n g u e u n a b l e t o a p p r e c i a t e t h e 

s i t u a t i o n o f t h e b o l u s o f f o o d ; as h a s b e e n p r o v e n b y t h e f a c t 

t h a t t h e s a m e d i f f i c u l t y e x i s t s w h e n s e c t i o n o f t h e f i f t h n e r v e 

i s m a d e i n f r o n t o f t h e g a n g l i o n o f Gasse r , w h e r e o n l y t h e 

s e n s o r y p o r t i o n o f t h e n e r v e c a n b e i n j u r e d , as w h e n b o t h t h e 

m o t o r a n d s e n s o r y p o r t i o n s o f t h e n e r v e a r e i n v o l v e d , a f t e r 

s e c t i o n b e l o w t h e f o r a m e n o v a l e . 

I n t h e second period o f d e g l u t i t i o n , t h e b o l u s o f f o o d , 

b y b e i n g c r o w d e d b a c k w a r d , t e n d s t o r a i s e t h e s o f t p a l a t e ; 

a n d t h e l e v a t o r p a l a t i m u s c l e f u r t h e r a s s i s t s i n r e t a i n i n g t h e 

p a l a t e i n t h i s e l e v a t e d p o s i t i o n , w h i l e t h e s u p e r i o r c o n s t r i c 

t o r m u s c l e o f t h e p h a r y n x causes t h e p o s t e r i o r w a l l o f t h e 

p h a r y n x t o b u l g e f o r w a r d , a n d t h u s t o m e e t t h e u v u l a . T h e 

posterior nasal openings a r e t h u s m e c h a n i c a l l y c l o s e d t o t h e 

e n t r a n c e o f t h e f o o d i n t o t h e c h a m b e r o f t h e nose , p r e p a r a 

t o r y t o t h e s e r i e s o f r e f l e x m o v e m e n t s w h i c h a r e t o e n s u e , f o r 

t h e p u r p o s e o f f o r c i n g t h e b o l u s d o w n w a r d i n t o t h e oesopha

g u s , a n d t h e n c e i n t o t h e s t o m a c h . 

T h e larynx i s n o w suddenly raised, so as t o b r i n g t h e 

s u p e r i o r o p e n i n g o f t h a t o r g a n u n d e r n e a t h t h e ba se o f t h e 

t o n g u e , w h i c h h a s b e e n c r o w d e d b a c k w a r d d u r i n g t h e f i r s t 

p e r i o d , i n o r d e r t o f o r c e t h e b o l u s a g a i n s t t h e s o f t p a l a t e . 

I t s s o f t s t r u c t u r e r e n d e r s i t a d m i r a b l y a d a p t e d t o m o l d i t s e l f 

t o t h e i r r e g u l a r i t i e s o f o u t l i n e o f t h e l a r y n g e a l o p e n i n g . B y 

t h i s p o s i t i o n o f t h e t o n g u e , t h e e p i g l o t t i s i s a l s o a p p l i e d o v e r 

t h i s o p e n i n g , 1 a n d t h e e n t r a n c e o f f o o d i n t o t h e l a r y n x i s 

f u r t h e r m o r e g u a r d e d a g a i n s t b y t h e a p p r o x i m a t i o n o f t h e 

v o c a l c o r d s b y m e a n s o f t h e a d d u c t o r m u s c l e s o f t h e l a r y n x . 

T h e m u s c l e s w h i c h t h u s r a i s e t h e l a r y n x a r e t h e a n t e r i o r 

b e l l y o f t h e d i g a s t r i c , t h e m y l o - h y o i d , t h e g e n i o - h y o i d , t h e 

s t y l o g l o s s u s , a n d s o m e o f t h e f i b e r s o f t h e g e n i o - g l o s s u s . 

S i m u l t a n e o u s l y w i t h t h e e l e v a t i o n o f t h e l a r y n x , t h e p a -
1 I t was formerly supposed that the epiglottis was the chief instrument in prevent

ing the entrance of food into the larynx, but the large number of cases where the 
epiglottis has been removed, and no difficult}' in deglutition apparently produced, have 
created a doubt as to its importance. 

17 
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l a t o - p h a r y n g e a l m u s c l e s c o n t r a c t a n d raise the lower end of 

the pharynx, t h u s s h o r t e n i n g t h e l e n g t h o f t ha t* o r g a n a n d 

t e n d i n g t o d r a w t h e p h a r y n x o v e r t h e b o l u s o f f o o d , v e r y 

m u c h as a g l o v e i s d r a w n o v e r t h e finger ; w h i l e , a t t h e s a m e 

t i m e , t h e c u r v e o f t h e p o s t e r i o r p i l l a r s o f t h e p h a r y n x i s 

FIG. 86.—Muscles of the pharynx, etc. (Sappey.) 
1, 2, 3, 4, 4, superior constrictor ; 5, 6, 7, 8, middle constrictor; 9, 10, 11, 12, inferior con« 

strictor; 13, 13, stylo-pharyngeus; 14, stylo-hyoid muscle; 15, stylo-glossus ; 16, 
hyo-glossus; 17, mylo-hyoid muscle; 18, buccinator muscle; 19, tensor palati; 20, 
levator palati. 

m a d e s t r a i g h t , a n d , b y t h e a p p r o x i m a t i o n o f t h e s e m u s c l e s 

t o t h e s ides o f t h e u v u l a , t h e o p e n i n g o f t h e p h a r y n x i n t o 

t h e n a r e s i s n o w c o m p l e t e l y o c c l u d e d . 

T h e c o n s t r i c t o r m u s c l e s o f t h e p h a r y n x n o w c o m e i n t o 
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p l a y , c o n t r a c t i n g i n s u c c e s s i o n f r o m a b o v e d o w n w a r d ; t h e 

p o s t e r i o r p i l l a r s o f t h e f a u c e s , b y t h e i r a p p r o x i m a t i o n , p r e 

v e n t t h e b o l u s f r o m a g a i n e n t e r i n g t h e m o u t h ; a n d i t i s t h u s 

f o r c e d t o e n t e r t h e o e s o p h a g u s . 

I t i s a p p a r e n t t h a t m o s t o f t h e s e m o v e m e n t s a r e o f a re

flex character, a n d a r e e x c i t e d b y t h e p r e s e n c e o f t h e b o l u s 

o f f o o d , w h i c h passes o u t o f v o l u n t a r y c o n t r o l as s o o n as i t 

pas ses t h e a n t e r i o r p i l l a r o f t h e f a u c e s , a t w h i c h p o i n t t h e 

s e c o n d p e r i o d o f d e g l u t i t i o n m a y b e s a i d t o c o m m e n c e . E v e r y 

r e f l e x a c t p r e s u p p o s e s s o m e sensory filaments t o c o n v e y t h e 

i m p r e s s i o n t o t h e b r a i n , a n d c e r t a i n motor filaments t o t r a n s 

m i t t h e i m p u l s e s t o t h e m u s c l e s d e s t i n e d t o a c t u p o n t h e 

b o l u s ; i t i s n o w b e l i e v e d t h a t t h e g l o s s o - p h a r y n g e a l n e r v e 

possesses b o t h o f t h e s e se ts o f fibers, as w e l l as t h o s e c o n t r o l 

l i n g t h e s p e c i a l sense o f t a s t e . T h i s n e r v e m a y t h e n b e c o n 

s i d e r e d as a n e r v e o f t a s t e , a n e r v e o f m o t i o n t o t h e p h a r y n 

g e a l m u s c l e s , a n d t h e t r u e " e x c i t o r y nerve" o f t h e a c t o f 

d e g l u t i t i o n . 

T h e i m p o r t a n c e o f t h e s o f t palate i n t h e a c t o f d e g l u t i t i o n 

i s p a r t i c u l a r l y s h o w n d u r i n g t h e s w a l l o w i n g o f l i q u i d s , s i n c e 

i t h a s t o b e c l o s e l y a p p l i e d t o t h e base o f t h e t o n g u e , i n o r d e r 

t o a l l o w o f a p a r t i a l v a c u u m w i t h i n t h e c a v i t y o f t h e m o u t h , 

a n d t h u s t o d r a w t h e fluid a l o n g t h e f u r r o w f o r m e d b y t h e 

c u r v i n g u p w a r d o f t h e e d g e s o f t h e t o n g u e . T h i s f a c t i s c l i n 

i c a l l y s h o w n b y p a t i e n t s a f f e c t e d w i t h p a r a l y s i s o f t h e v e l u m , 1 

w h o e x p e r i e n c e g r e a t d i f f i c u l t y i n s w a l l o w i n g l i q u i d s , s i n c e 

t h e f l u i d i s l i a b l e t o e scape t h r o u g h t h e nose . A case o f t h i s 

c h a r a c t e r i s r e p o r t e d b y B e r a r d , w h e r e a y o u n g l a d y w a s 

o b l i g e d t o f r e e h e r s e l f f r o m a l l o b s e r v a t i o n w h e n e v e r she a t 

t e m p t e d t o d r i n k , as t h e e scape b y t h e n o s t r i l s w a s so p r o f u s e 

as t o o c c a s i o n e m b a r r a s s m e n t . 

T h e p r e v e n t i o n o f t h e e n t r a n c e o f f o o d i n t o t h e c a v i t y o f 

t h e l a r y n x , as h a s b e e n m e n t i o n e d , i s i n s u r e d : f i r s t , b y t h e 

b a s e o f t h e t o n g u e ; s e c o n d l y , b y t h e e p i g l o t t i s ; a n d , t h i r d l y , 

' Paralysis of certain muscles of the soft palate occurs when the facial nerve is im
paired behind the point of origin of its petrosal branches. For particulars of this diag
nostic symptom, the reader is referred to page 194. 
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b y t h e a p p r o x i m a t i o n o f t h e v o c a l c o r d s ; b u t t h a t s u c h a c c i 

d e n t s d o s t i l l h a p p e n f r o m a t t e m p t s a t i n s p i r a t i o n 1 d u r i n g 

e a t i n g i s a t t e s t e d b y t h e v i o l e n t c o u g h i n g e x c i t e d , a n d b y 

t h e i n s t a n t a n e o u s e x p u l s i o n o f t h e f o r e i g n s u b s t a n c e , u n l e s s 

i t s h o u l d c h a n c e t o b e c o m e m e c h a n i c a l l y a r r e s t e d i n t h e l a r y n x . 

L o n g e t a c c o u n t s f o r t h e s y m p t o m s e x c i t e d b y s u c h a n a c c i 

d e n t as t h e r e s u l t o f a n e x q u i s i t e s e n s i b i l i t y possessed b y t h e 

m u c o u s l i n i n g o f t h e u p p e r p a r t o f t h e l a r y n x . I t i s w e l l 

a t t e s t e d t h a t t h e d a n g e r o f e n t r a n c e o f f l u i d s i n t o t h i s o r g a n 

i s f a r g r e a t e r t h a n i n t h e case o f s o l i d s ; a n d t h e a c t o f g a r 

g l i n g i s e s p e c i a l l y l i a b l e t o b e f o l l o w e d b y s u c h a n o c c u r r e n c e , 

s ince t h e l a r y n x i s m u c h w i d e r o p e n t h a n i n t h e a c t o f d e g l u 

t i t i o n . I n t h e a d m i n i s t r a t i o n o f anaes the t ics t o p a t i e n t s w h o 

h a v e e a t e n l a r g e l y b e f o r e t h e h o u r a p p o i n t e d f o r s u r g i c a l 

r e l i e f , a g r e a t d a n g e r o f t h e e n t r a n c e o f v o m i t e d m a t t e r s 

i n t o t h e c a v i t y o f t h e l a r y n x i s e n c o u n t e r e d , s i nce t h e sens i 

t i v e n e s s o f t h e m u c o u s l i n i n g i s d e s t r o y e d , a n d t h e e x p u l s i v e 

e f f o r t s o f N a t u r e a re o f t e n w a n t i n g . 2 

T h e third period o f t h e a c t o f d e g l u t i t i o n i s c o n f i n e d t o 

t h e oesophagus , t h r o u g h w h i c h t h e b o l u s h a s t o pas s t o r e a c h 

t h e s t o m a c h . T h e d o w n w a r d m o v e m e n t o f t h e b o l u s i s as

s i s t e d b y a l t e r n a t e c o n t r a c t i o n o f t h e l o n g i t u d i n a l f i b e r s o f 

t h e t u b e , w h i c h s h o r t e n i t a n d t e n d t o d r a w i t s w a l l s u p w a r d 

o v e r t h e b o l u s , a n d c o n t r a c t i o n o f t h e c i r c u l a r f i b e r s , w h i c h 

c o n s t r i c t t h e t u b e a n d f o r c e t h e b o l u s d o w n w a r d . T h e f a c t 

t h a t g r a v i t y h a s l i t t l e , i f a n y t h i n g , t o d o w i t h t h i s d o w n w a r d 

m o v e m e n t i s p r o v e n b y t h e f a c t t h a t t h e p o s i t i o n o f t h e b o d y 

does n o t s eem t o a f f e c t i t , w h i l e a c r o b a t s a r e o f t e n k n o w n t o 

p e r f o r m t h e f e a t w h i l e s t a n d i n g u p o n t h e h e a d o r h a n d s . T h e 

t i m e c o n s u m e d i n t h e passage t h r o u g h t h e o e s o p h a g u s w a s 

e s t i m a t e d b y M a g e n d i e 3 as a b o u t t w o m i n u t e s i n a n i m a l s , b u t 

1 As occurs during attacks of laughing, hiccough, etc., when food is present in the 
mouth, or during too hasty an effort to consume food. 

2 In cases where this accident occurs, the tongue should be forcibly drawn out of the 
mouth, so as to pull up the epiglottis, and the foreign body extracted by the finger, i f 
possible, or, if not, the patient should be held by the feet, and thus, by shaking the pa
tient, gravity may help to dislodge it. I once saved the life of a man by this means 
when all others had failed, and fatal asphyxia seemed imminent. 

3 " Journal de Physiol." 
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i t i s p r o b a b l y m u c h s h o r t e r i n m a n ; a l t h o u g h w e a r e o f t e n 

c o n s c i o u s o f a d e l a y e d t e r m i n a t i o n o f t h e a c t , a n d a r e f o r c e d 

t o h a s t e n i t b y t h e d r i n k i n g o f fluids, as m o s t o f u s c a n a t t e s t . 

I t i s p r o b a b l e t h a t t h i s p e r i s t a l t i c a c t i o n o f t h e o e s o p h a g u s , 

l i k e t h a t o f t h e i n t e s t i n a l c a n a l , i s p a r t l y c o n t r o l l e d b y t h e 

n e r v o u s i n f l u e n c e o f t h e s y m p a t h e t i c s y s t e m , a l t h o u g h t h e 

p n e u m o g a s t r i c n e r v e s h a v e a n e x t e n s i v e d i s t r i b u t i o n t o a n d 

a v e r y m a r k e d c o n t r o l o v e r t h i s o r g a n . 1 

D e g l u t i t i o n i s essentially a reflex act, s ave i n i t s first 

p e r i o d , w h e n v o l i t i o n p l a y s a n i m p o r t a n t p a r t . I t c a n n o t 

t a k e p l a c e u n l e s s s o m e s t i m u l u s i s a p p l i e d t o t h e m u c o u s 

l i n i n g o f t h e f a u c e s ; a n d t h o s e a p p a r e n t l y v o l u n t a r y a c t s o f 

d e g l u t i t i o n w h i c h a r e p r o d u c e d w h e n n o f o o d i s w i t h i n t h e 

m o u t h a r e u n d o u b t e d l y d u e t o t h e s w a l l o w i n g o f s a l i v a , o r 

t o i r r i t a t i o n o f t h e f a u c e s b y t h e base o f t h e t o n g u e i t s e l f . 

W h e n w e t i c k l e t h e f a u c e s , w e c a n see a l l o f t h e a c t o f d e g l u 

t i t i o n , c o n f i n e d t o t h e s e c o n d p e r i o d , a r t i f i c i a l l y p r o d u c e d ; 

a n d t h i s i r r i t a b i l i t y o f t h e f a u c e s i s so e x t r e m e i n s o m e p e r 

sons as t o r e n d e r a n y a t t e m p t t o e x a m i n e t h e ' t h r o a t o n e o f 

d i f f i c u l t y , a n d o f t e n a c a u s e o f r e f l e x v o m i t i n g . So i m p o r 

t a n t i s t h e e d u c a t i o n o f t h e t h r o a t t o e n a b l e t h e p a t i e n t t o 

t o l e r a t e t h e p r e s e n c e o f i n s t r u m e n t s , t h a t a l l s u r g i c a l p r o c e d 

u r e s u p o n t h e l a r y n x , i f p e r f o r m e d f r o m w i t h i n t h e m o u t h , 

r e q u i r e o f t e n m o n t h s o f t r a i n i n g t o e n a b l e t h e p a t i e n t t o a s s i s t 

t h e o p e r a t o r i n a s t e p w h o s e e x e c u t i o n m a y b e a m a t t e r o f a 

f e w s e c o n d s o n l y . A l l f o r m s o f l o c a l a p p l i c a t i o n s a r e u s e d 

t o i n s u r e a n a n a e s t h e t i c c o n d i t i o n o f t h e s e p a r t s , a n d t h e i n 

t e r n a l a d m i n i s t r a t i o n o f m e d i c i n a l a g e n t s i s , f u r t h e r m o r e , 

o f t e n r e q u i r e d t o r e n d e r s u c h p r o c e d u r e s w i t h i n t h e c a v i t y 

o f t h e l a r y n x p o s s i b l e . 

T h a t t h e center f o r t h e reflex act of deglutition i s c o n f i n e d 

t o t h e m e d u l l a o b l o n g a t a i s p r o v e n b y e x p e r i m e n t o n a n i m a l s 

w h o s e b r a i n h a s b e e n e n t i r e l y r e m o v e d , w i t h t h e e x c e p t i o n o f 

t h e m e d u l l a , w h e n i r r i t a t i o n o f t h e f a u c e s w i l l s t i l l c o n t i n u e 

1 Michael Foster regards this third act of deglutition as more closely dependent upon 
the central nervous system than the movements of the intestinal tract, and attributes it to 
reflex action due to the bolus. 
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t o p r o d u c e a l l t h e m o v e m e n t s o f t h e s e c o n d s t age o f t h a t 

a c t . 

CLINICAL POINTS OF INTEREST PERTAINING TO THE GLOSSO-PHARYN

GEAL NERVE. 

T h e i n t i m a t e a s s o c i a t i o n w h i c h a p p a r e n t l y e x i s t s b e t w e e n 

t h e fibers o f t h i s n e r v e a n d t h e sense o f t a s t e , t h e m o v e m e n t s 

o f t h e p h a r y n g e a l m u s c l e s , a n d t h e r e f l e x ac t s e x c i t e d b y t h e 

p r e s e n c e o f a b o l u s o r o f s o m e f o r e i g n s o u r c e o f i r r i t a t i o n t o 

t h e i s t h m u s o f t h e f a u c e s a n d t h e w a l l s o f t h e p h a r y n x , w o u l d 

seem t o s u g g e s t t h a t a n y i m p a i r m e n t o f t h e g l o s s o - p h a r y n g e a l 

w o u l d be f o l l o w e d b y c l i n i c a l e v i d e n c e s o f i m p e r f e c t p e r f o r m 

ance o f e a c h a n d a l l o f t h e s e f u n c t i o n s . I t i s , h o w e v e r , t o b e 

r e g r e t t e d t h a t t h e q u e s t i o n s o f t h e cou r se , o r i g i n , a n d f u n c 

t i o n s o f t h e c h o r d a t y m p a n i n e r v e , t h e e x a c t d i s t r i b u t i o n o f 

t h e fibers o f t h e g l o s s o - p h a r y n g e a l n e r v e t o t h e t o n g u e , a n d 

t h e s o u r c e f r o m w h i c h t h i s l a t t e r n e r v e d e r i v e s i t s m o t o r fila

m e n t s , a re , as y e t , d i s p u t e d p o i n t s a m o n g p h y s i o l o g i s t s ; a n d 

t h e sources o f d o u b t a r e n o t r e m o v e d , b u t r a t h e r i n c r e a s e d , b y 

t h e r e s u l t s o f p a t h o l o g i c a l o b s e r v a t i o n , s i nce t h e y o f t e n s e e m 

c o n t r a d i c t o r y , a n d t h u s p r o v e r a t h e r a s o u r c e o f e m b a r a s s -

m e n t t h a n a n a i d t o d e f i n i t e c o n c l u s i o n s . 

O n e w o u l d n a t u r a l l y s u p p o s e , p r o v i d e d t h a t h e w a s f a 

m i l i a r w i t h t h e s y m p t o m s o f t h a t d isease , c a l l e d b y D u c h e n n e 

" g l o s s o - l a b i o - l a r y n g e a l p a r a l y s i s " ( a l t h o u g h t h e w o r d " p h a 

r y n g e a l " i s o f t e n u s e d i n p l a c e o f " l a r y n g e a l " t o e x p r e s s t h e 

s ame c o n d i t i o n ) , t h a t t h e d i f f i c u l t y e x p e r i e n c e d i n d e g l u t i t i o n 

w o u l d c e r t a i n l y i n d i c a t e t h a t t h e n e r v e w h i c h a p p a r e n t l y p r e 

s ides o v e r t h a t f u n c t i o n w o u l d b e f o u n d i n a s t a t e o f d i sease ; 

b u t , o n t h e c o n t r a r y , t h e g l o s s o - p h a r y n g e a l n e r v e i s n o t r e 

p o r t e d , t o m y k n o w l e d g e , as h a v i n g a n y t h i n g t o d o w i t h t h a t 

a f f e c t i o n . W e m u s t , t h e r e f o r e , b e f o r c e d t o i n f e r t h a t t h e 

m o t o r filaments o f t h e p h a r y n x a re , t o a g r e a t e x t e n t , c o n 

t r o l l e d b y o t h e r n e r v e s ; a n d t h a t , i f t h e y a r e a p p a r e n t l y 

b r a n c h e s o f t h e n i n t h c r a n i a l n e r v e , t h e y a r e t o b e a c c o u n t e d 

f o r as fibers d e r i v e d f r o m c o m m u n i c a t i n g filaments f r o m o t h e r 

sou rces . 
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Hirschfeld claims to have verified a branch of the glosso

p h a r y n g e a l n e r v e w h i c h e x t e n d s t o t h e anterior two thirds o f 

t h e t o n g u e ; h e n c e t h e s t r o n g p r o b a b i l i t y t h a t i t p a r t i a l l y 

c o n t r o l s t h e sense o f t a s t e i n t h a t p o r t i o n as w e l l as i n t h e 

p o s t e r i o r t h i r d o f t h e o r g a n . S t a n n i u s , b y e x p e r i m e n t s , 

t h i n k s t h a t h e h a s e s t a b l i s h e d t h e f u n c t i o n o f t h i s b r a n c h , 

a n d h e a t t r i b u t e s t o i t t h e p o w e r o f p e r c e p t i o n o f bitter 

substances o n l y , t h e o t h e r v a r i e t i e s o f t a s t e s e n s a t i o n s 

b e i n g p r e s i d e d o v e r b y t h e c h o r d a t y m p a n i n e r v e o r t h e 

g u s t a t o r y b r a n c h o f t h e fifth n e r v e . W e k n o w , c l i n i c a l l y , 

t h a t t h e c o n d i t i o n s o f h y p e r e s t h e s i a a n d a n e s t h e s i a o f 

t h e g u s t a t o r y n e r v e s a r e v e r i f i e d b y m a n y i n t e r e s t i n g p h e 

n o m e n a ; a n d w e m u s t b e c o n t e n t t o w a i t f o r t h e s o l u t i o n 

o f t h e o t h e r m i x e d p r o b l e m s o f g u s t a t i o n , u n t i l t h e y a r e 

s o l v e d b y f u r t h e r c l i n i c a l , p h y s i o l o g i c a l , a n d p a t h o l o g i c a l 

o b s e r v a t i o n . 

T h e c o n d i t i o n o f gustatory hyperesthesia, c a l l e d a l s o 

" hyper geusia" 1 i s v e r y m a r k e d i n c e r t a i n p a t i e n t s w h o a r e 

i n a n a n e m i c a n d n e r v o u s c o n d i t i o n , w h i l e i t i s a f r e q u e n t 

p h e n o m e n o n i n h y s t e r i a a n d i n m e l a n c h o l i a . I n s u c h cases 

a n a p p a r e n t g u s t a t o r y s e n s a t i o n m a y b e o f t e n e x c i t e d b y t h e 

a p p l i c a t i o n o f a n e l e c t r i c c u r r e n t t o t h e c e r v i c a l o r u p p e r 

d o r s a l r e g i o n o f t h e s p i n e . 

T r u e g u s t a t o r y h y p e r e s t h e s i a m a y e x p r e s s i t s e l f as a n i n 

c rease i n t h e d e l i c a c y o f t h e g u s t a t o r y s e n s a t i o n , so t h a t e x 

t r e m e l y s m a l l q u a n t i t i e s o f s a p i d s u b s t a n c e s m a y b e p e r c e i v e d . 

W e t h u s o c c a s i o n a l l y m e e t w i t h h y s t e r i c a l p a t i e n t s , w h o c a n 

p e r c e i v e t h e t a s t e o f c e r t a i n m e d i c i n a l a g e n t s i n a s o l u t i o n 

w h i c h t o t h e h e a l t h y s u b j e c t w o u l d b e t a s t e l e s s . I t m a y e x 

p r e s s i t s e l f , a g a i n , as a n u n n a t u r a l e n j o y m e n t o f f o o d , o r a 

l o a t h i n g o f c e r t a i n d i s h e s w h i c h c o n v e y a sense o f t a s t e w h i c h 

d o e s n o t i n r e a l i t y e x i s t . I n f a c i a l p a r a l y s i s o f r h e u m a t i c 

o r i g i n , a b n o r m a l g u s t a t o r y s e n s a t i o n s a r e s o m e t i m e s p r e s e n t , 

as s w e e t i s h , s o u r , o r s a p i d t a s t e s , w i t h i n t h e m o u t h . I n t h e 

i n s a n e , h a l l u c i n a t i o n s o f t h e s p e c i a l sense o f t a s t e , u s u a l l y o f 

1 Sec experiments of Valentin and Keppler, made to determine the exact degree of 
gustatory sensibility and excitability. 
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a d i s a g r e e a b l e c h a r a c t e r , a r e o f t e n p r e s e n t , a n d i n d i c a t e s o m e 

d i sease o f c e n t r a l o r i g i n . 

T h e c o n d i t i o n o f gustatory anesthesia, c a l l e d "ageusia" 

c o m p r i s e s a l l t h o s e p h e n o m e n a w h i c h i n d i c a t e e i t h e r a p a r t i a l 

o r c o m p l e t e loss o f t h e sense o f t a s t e . T h u s , t h e t o n g u e m a y 

be a b l e t o a p p r e c i a t e c e r t a i n subs t ances , a n d b e i n s e n s i b l e t o 

o t h e r s , w h i l e t h e anaes the t i c c o n d i t i o n m a y b e c i r c u m s c r i b e d 

o r d i f f u s e d , as r e g a r d s i t s a n a t o m i c a l d i s t r i b u t i o n , a f f e c t i n g 

e i t h e r t h e t i p o f t h e t o n g u e , i t s r o o t , o r o n e o r b o t h s ides . 

T h i s a b n o r m a l s t a t e i s o b s e r v e d a f t e r p a r a l y s i s o f t h e t r i g e 

m i n u s , severe i n j u r i e s t o t h e t r i g e m i n u s o r t h e g l o s s o - p h a r y n 

g e a l n e r v e s , i n f r a - c e r e b r a l g r o w t h s w h i c h c r e a t e c o m p r e s s i o n 

o f t h e g l o s s o - p h a r y n g e a l o r t r i g e m i n u s , 1 a n d a t r o p h y o f t h e 

n e r v e s , as t h e r e s u l t o f c o m p r e s s i o n , o f d isease o f t h e i r i n 

h e r e n t f i b e r s . A s a r u l e , w h e n t h i s c o n d i t i o n e x i s t s , w e s h a l l 

f i n d a s i m i l a r c o n d i t i o n o f t h e o p t i c , o l f a c t o r y , t r i g e m i n u s , 

p n e u m o g a s t r i c , s p i n a l accessory , o r s o m e o f t h e c u t a n e o u s 

b r a n c h e s t o t h e f a c e . 

THE PNEUMOGASTRIC, OR T E N T H NERVE. 

Owing to the numerous connections of the pneumogastric 

w i t h o t h e r n e r v e s , i t s v a r i e d a n d e x t e n s i v e d i s t r i b u t i o n , a n d 

t h e i m p o r t a n t c h a r a c t e r o f i t s f u n c t i o n s , t h i s m a y p r o p e r l y b e 

r e g a r d e d as o n e o f t h e m o s t r e m a r k a b l e n e r v e s o f t h e w h o l e 

b o d y . I t h a s b e e n o f t e n k n o w n b y t h e n a m e o f t h e "par va-

gurn" f r o m t h e w a n d e r i n g c o u r s e o f i t s f i b e r s , w h i c h a r e 

d i s t r i b u t e d t o f i v e d i f f e r e n t v i t a l o r g a n s , v i z . : t h e h e a r t , 

l u n g s , s t o m a c h , l i v e r , a n d i n t e s t i n e s , as w e l l as t o m a n y o t h e r 

p a r t s o f s e c o n d a r y i m p o r t a n c e . 

T h i s n e r v e , l i k e t h e s e v e n t h , e i g h t h , a n d n i n t h n e r v e s , i s 

c o n s i d e r e d b y c o m p a r a t i v e a n a t o m i s t s as b e l o n g i n g t o t h e 

1 In the case reported by Bbttcher, although aguesia' existed, the patient complained 
of a constant burning and bitterness within the mouth. An autopsy showed the presence 
of a tumor of the base of the brain, which had caused atrophy of the glosso-pharyngeal 
and pneumogastric nerves by a steady compression. Longet reports cases where the 
nerves passing through the jugular foramen were all more or less destroyed by pressure 
from a similar cause. 
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c l a s s o f s p i n a l n e r v e s , s i n c e i t a r i s e s d i r e c t l y a n d e n t i r e l y from 

t h e u p p e r p o r t i o n o f t h e s p i n a l c o r d . I t s s u p e r f i c i a l p o i n t o f 

o r i g i n l i e s i n t h e g r o o v e b e t w e e n t h e olivary a n d rest i f arm 

bodies o f t h e m e d u l l a , w h i l e i t s d e e p p o i n t o f o r i g i n m a y b e 

t r a c e d t o a g r a y n u c l e u s i n » t h e floor o f t h e f o u r t h v e n t r i c l e , 

s l i g h t l y b e l o w t h e n u c l e u s f o r t h e g l o s s o - p h a r y n g e a l n e r v e . 

T h e r e i s a v e r y c l o s e a f f i l i a t i o n b e t w e e n t h e d e e p fibers o f 

t h e p n e u m o g a s t r i c a n d g l o s s o - p h a r y n g e a l n e r v e s w i t h i n t h e 

FIG. 87.—Anastomoses of the pneumogastric nerve. (Hirschfeld.) 
1, facial nerve; 2, glosso-pharyngeal nerve; 2', anastomoses of the glosso-pharyngeal 

with the facial; 3, 3, pneumogastric, with its two ganglia ; 4, 4, spinal accessory ; 
5, sublingual nerve ; 6, superior cervical ganglion of the sympathetic; 7, anastomotic 
arcade of the first tiro cervical nerves; 8, carotid branch of the superior cervical 
ganglion of the sympathetic; 9, nerve of Jacobson; 10, branches of this nerve to 
the sympathetic; 11, branch to the Eustachian tube; 12, branch to the fenestra 
ovalis; 13, branch to the fenestra rotunda; 14, external deep petrous nerve; 15, 
internal deep petrous nerve ; 16, otic ganglion ; 17, auricular branch of the pneumo
gastric , 18, anastomosis of the pneumogastric with the spinal accessory; IV, anasto
mosis of the pneumogastric with the sublingual; 20, anastomosis of the spinal acces
sory with the second pair of cervical nerves; 21, pharyngeal plexus; 22, superior 
laryngeal nerve. 

substance of the medulla oblongata, so close indeed as to lead 

some authors to consider them identical with each other. 

These deep fibers may be traced, in part, into the substance 

of the restiform body, a small bundle toward the cerebellum, 
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* 

FIG. 88.—A diagram .showing the branches of distribution and communication of the 
pneumogastric nerve. Cervical portion of nerve. 

1, the filaments of origin of the pneumogastric nerve; 2, the spinal accessory nerve escap
ing from the medulla oblongata, below the pneumogastric nerve; 3, the upper com
municating filament between thepneumogastric and the spinal accessory nerves (often 
absent); 4, the " ganglion of the root" situated in the jugular foramen ; 5, the '̂w^w-
lar foramen, showing the transmission of three nerves ; 6, the communicating filament 
between the pneumogastric and the glosso-pharyngeal nerves; 7, the glosso-pharyngeal 
nerve, from its point of origin to its escape from the cavity of the cranium; 8, the 
'•'•ganglion of the trunk" of the pneumogastric nerve; 9, the lower filament of 
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communication between the pneumogastric and spinal accessory nerves, which probably 
controls the muscles of the larynx concerned in phonation and respiration; 10, the 
communicating filament from the arcade, formed by the first and second cervical 
nerves; 11, the communicating filament from the facial nerve, which helps to form 
the auricular branch of the pneumogastric or "Arnold's nerve " ; 12, the three sets of 
filaments which join the pneumogastric nerve to the superior cervical ganglion of the 
sympathetic system; 13, the auricular branch of the pneumogastric, or u Arnold's 
nerve," partly formed by the facial filament (11); 14, the branches to the "pharyn
geal plexus," formed also in part by the glosso-pharyngeal; 15, the superior laryngeal 
nerve, supplying the mucous lining of the larynx and the crico-thyroid muscle; 16, 
the " dcjrrcssor nerve of the heart," formed by two roots, one from the pneumogastric, 
and the other from the superior laryngeal nerve; 1 17, the inferior or recurrent 
laryngeal nerve, winding around an artery (19), and then returning to the larynx to 
supply the muscles of phonation;2 18, the cervical cardiac nerves (sometimes three 
in number), going to the cardiac plexus; 19, the subclavian artery (if on the right 
side), and the arch of the aorta (if on the left side of the body). 

and a few toward the cerebrum ; but the larger portion pass 

to the median line of the floor of the fourth ventricle or de

scend into the substance of the medulla oblongata. 

The pneumogastric nerve emerges from the jugular fora

men as a single trunk, but immediately develops two gan

glia, the upper of which is called the "jugular ganglion" 

or the " ganglion of the root," since it lies close to and some

times within the foramen of that name. After the nerve 

emerges from the foramen, another ganglion, about one quar

ter of an inch in length, is developed, called the "ganglion 

of the trunk." Within the jugular ganglion, an interchange 

of fibers takes place between the pneumogastric and spinal 

accessory nerves ; and it seems clear that the laryngeal and 

pharyngeal branches (which are among the most decidedly 

motor of those given off from the pneumogastric) may all, in 

great part, be traced backward into the spinal accessory 

nerve. 

The researches of Valentin, Morganti, Longet, and others 

seem to prove that the pneumogastric nerve at its root pos

sesses no motor power, but is entirely an afferent nerve, al

though Stilling, Wagner, Muller, Volkman, and Bernard fail 

1 For the physiological effect of stimulation of this nerve, see the late researches of 
Cyon and Ludwigupon this nerve in the rabbit; also text-books of physiology of Michael 
Foster, A. Flint, Jr., and others. In man, this nerve is probably associated with one of 
the cardiac nerves. 

2 The filament of the spinal accessory (No. 9 in the cut) is supposed to afford to 
this nerve its motor power, having simply used the sheath of the pneumogastric as a 
means of protection in its course down the neck. The physiological import of this nerve 
shows the vital necessity for such protection. 

t 
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t o a t t r i b u t e a l l t h e m o t o r f i b e r s o f t h i s n e r v e t o e i t h e r t h e 

s p i n a l acces so ry o r g l o s s o - p h a r y n g e a l n e r v e s , a n d m a i n t a i n 

t h a t m o t o r fibers m a y be d e m o n s t r a t e d w i t h i n t h e r o o t o f t h e 

p n e u m o g a s t r i c a b o v e t h e j u g u l a r g a n g l i o n . 

I n r e g a r d t o i t s trunk, t h e r e c a n be n o d o u b t t h a t t h e 

p n e u m o g a s t r i c i s t o b e c o n s i d e r e d as a n e r v e o f d o u b l e en 

d o w m e n t s , a l t h o u g h i t i s c e r t a i n t h a t t h e s e e n d o w m e n t s a r e 

v e r y d i f f e r e n t l y d i s t r i b u t e d a m o n g i t s b r a n c h e s . T h a t i t i s 

c a p a b l e o f c o n v e y i n g t h o s e i m p r e s s i o n s w h i c h b e c o m e sensa

tions w h e n c o m m u n i c a t e d t o t h e s e n s o r i u m i s e x p e r i m e n t a l l y 

p r o v e d b y t h e f a c t t h a t , w h e n i t s t r u n k i s p i n c h e d , t h e a n i 

m a l g i v e s s i g n s o f a c u t e p a i n ; a n d i t i s a l s o e v i d e n t f r o m t h e 

p a i n f u l consc iousnes s w e o c c a s i o n a l l y h a v e o f a n y a b n o r m a l 

c o n d i t i o n o f t h e o r g a n s w h i c h i t s u p p l i e s . 

BRANCHES OF THE PNEUMOGASTRIC NERVE. 

T h e p n e u m o g a s t r i c n e r v e , b y m e a n s o f i t s n u m e r o u s p o i n t s 

o f d i s t r i b u t i o n , p a r t i c i p a t e s i n t h e o p e r a t i o n s o f deglutition, 

phonation, respiration, t h e circulation of the blood, a n d 

t h e process of digestion. T o f u l l y d e s c r i b e t h e v a r i a t i o n s i n 

i t s c o u r s e f r o m a b o v e d o w n w a r d , a n d t h e d i s t r i b u t i o n o f i t s 

b r a n c h e s t o t h e v a r i o u s o r g a n s ( i n a l l o f t h e i r p h y s i o l o g i c a l 

b e a r i n g s ) , y o u m u s t , o f n e c e s s i t y , b e c a r r i e d i n t o a d i s c u s 

s i o n o f t h e t h o r a c i c a n d a b d o m i n a l v i s c e r a a n d t h e p h y s i o 

l o g i c a l a c t s w h i c h t h e y p e r f o r m . A h a s t y e n u m e r a t i o n o f t h e 

g e n e r a l c o u r s e o f t h e fibers o f t h i s n e r v e c a n , t h e r e f o r e , o n l y 

b e g i v e n h e r e , r e s e r v i n g t h e m a n y p o i n t s o f i n t e r e s t c o n n e c t e d 

w i t h i t f o r o t h e r l e c t u r e s , w h e n t h e v i s c e r a w i l l be c o n s i d e r e d . 

T h e efferent fibers o f t h e p n e u m o g a s t r i c n e r v e i n c l u d e cer

t a i n m o t o r b r a n c h e s w h i c h a r e d i s t r i b u t e d i n t o t h e p h a r y n x , 

t h e l a r y n x , t h e oesophagus , t h e s t o m a c h , a n d t h e i n t e s t i n a l 
c a n a l . 

T h e pharyngeal branches h e l p t o f o r m t h e p h a r y n g e a l 

p l e x u s o f n e r v e s , a n d t h u s t o a i d i n t h e m o v e m e n t s o f t h e 

m u s c l e s o f t h a t o r g a n d u r i n g t h e s e c o n d p e r i o d o f d e g l u t i t i o n . 1 

1 See lecture upon the glosso-pharyngeal nerve, where the act of deglutition is fully 
discussed. 
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I t i s a l s o p r o b a b l e t h a t t h e s e s a m e m u s c l e s t e n d t o m o d i f y 

t h e tone and quality of the voice, a n d a l s o t o a s s i s t i n t h e 

2 7 

FIG. 89.— Thoracic and abdominal portion of the nerve. 
20, the thoracic cardiac nerves, assisting to form the cardiac plexus ; 21, the filaments of 

communication between the pneumogastric nerve and the thoracic ganglia of the sym
pathetic system; 22, the branches given off by the pneumogastric nerve to assist in 
forming the posterior pulmonary plexus ; 23, the branches given off to assist in form
ing the anterior pulmonary plexus; 24, the branches which form the oesophageal 
plexus, and assist in the performance of the third period of the act of deglutition; 
25, the gastric brandies, supplying the coats of the stomach ; 26, the hepatic branches, 
accompanying the portal system of veins; 27, the intestinal branches, controlling, to 
a large extent, the peristaltic action of that canal; 28, branches which can be traced 
to the kidneys, the spleen, and the supra-renal capsules. 
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a r t i c u l a t i o n o f s o u n d s o r w o r d s , a l t h o u g h t h e l i n g u a l m u s c l e s 

a n d t h o s e o f t h e l i p s a re m o r e d i r e c t l y c o n c e r n e d i n t h e l a t t e r 

f u n c t i o n . 

FIG. 90.—Distribution of the pneumogastric. (Hirschfeld.) 
1, trunk of the left pneumogastric ; 2, ganglion of the trunk ; 3, anastomosis with the spinal 

accessory; 4, anastomosis with the sublingual; 5, pharyngeal branch (the auricular 
branch is not shown in the figure) ; 6, superior laryngeal branch ; 7, external laryngeal 
nerve, 8, laryngeal plexus; 9, 9, inferior laryngeal branch; 10, cervical cardiac 
branch; 11, thoracic cardiac branch; 12, 13, pulmonary branches; 14, lingnal 
branch of the fifth ; 15, lower portion of the sublingual; 16, glosso-pharyngeal; 17, 
spinal accessory; 18,19, 20, spinal nerves ; 21, phrenic nerves; 22, 23, spinal nerves; 
24, 25, 26, 27, 28, 29, 30, sympathetic ganglia. 

The laryngeal branches are two in number, and are called 

the superior and inferior; although the name " recurrent la

ryngeal nerve'' is more often applied to the latter on account 
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of the peculiarity of its course, since it winds around the sub

c l a v i a n a r t e r y b e f o r e r e t u r n i n g t o t h e l a r y n x , u p o n t h e r i g h t 

s i d e o f t h e b o d y , w h i l e t h e l e f t n e r v e w i n d s a r o u n d t h e a r c h 

o f t h e a o r t a , a n d t h e n t u r n s b a c k w a r d , t o b e d i s t r i b u t e d 

t o t h e m u s c l e s o f t h e l a r y n x . I t i s b y m e a n s o f t h e s e l a r y n 

g e a l n e r v e s t h a t t h e muscles which move the vocal cords, 

a n d t h u s c o n t r o l t h e v o i c e , a r e s u p p l i e d ; w h i l e t h e s a m e m u s 

c le s a r e i m p o r t a n t a g e n t s i n so a d a p t i n g t h e s ize o f t h e o p e n 

i n g b e t w e e n t h e v o c a l c o r d s , d u r i n g i n s p i r a t i o n , as t o a l l o w 

o f a n u n i m p e d e d e n t r a n c e o f a i r t o t h e l u n g s . 1 A s t h e in f e -

rior nerve i s t h e o n e w h i c h s u p p l i e s a l l o f t h e l a r y n g e a l m u s 

c l e s b u t t h e c r i c o - t h y r o i d a n d a p o r t i o n o f t h e a r y t e n o i d , i t 

b e c o m e s t o t h e p h y s i o l o g i s t a n e r v e o f g r e a t i m p o r t a n c e , s i n c e 

t h e a c t s o f r e s p i r a t i o n a n d p h o n a t i o n a r e d i r e c t l y u n d e r i t s 

i n f l u e n c e . E x p e r i m e n t s eems t o h a v e p r o v e n , h o w e v e r , t h a t 

t h e l a r y n g e a l n e r v e s , a l t h o u g h a p p a r e n t l y d e r i v i n g t h e i r m o 

t o r p o w e r f r o m t h e p n e u m o g a s t r i c , a r e , i n r e a l i t y , b u t fibers 

o f t h e spinal accessory nerve, w h i c h h a v e u s e d t h e s h e a t h o f 

t h e p n e u m o g a s t r i c n e r v e s i m p l y f o r p r o t e c t i o n i n t h e i r p a s 

sage t h r o u g h t h e n e c k . T h e s p i n a l a c c e s s o r y n e r v e i s , t h e r e 

f o r e , s o m e t i m e s c a l l e d t h e " s u p e r i o r r e s p i r a t o r y n e r v e o f 

B e l l , ' " s i n c e i t c o n t r o l s t h e m o v e m e n t s o f t h e l a r y n g e a l m u s 

c l e s d u r i n g t h e a c t o f i n s p i r a t i o n ; 2 w h i c h a r e t h e h i g h e s t , i n 

p o i n t o f s i t u a t i o n , o f a n y o f t h e r e s p i r a t o r y m u s c l e s . 

T h e brandies t o t h e vesophagus, stomach, a n d intestine 

a r e t h e p r i n c i p a l a g e n t s i n p r o m o t i n g t h e p e r i s t a l t i c a c t i o n o f 

t h e a l i m e n t a r y c a n a l , a n d t h e y t h u s a i d i n t h e a c t s o f d e g l u t i 

t i o n a n d d i g e s t i o n . I t i s p r o b a b l e , a l so , t h a t t h e p n e u m o 

g a s t r i c n e r v e s a r e c a p a b l e o f d i r e c t l y a f f e c t i n g t h e secretions 

o f t h e a l i m e n t a r y c a n a l , a l t h o u g h t h e s y m p a t h e t i c s y s t e m i s 

1 The researches of Bernard have done much to call professional attention to the fact 
that the pneumogastric and spinal nerves are alone involved in ordinary respiration, but 
that, when it becomes necessary to bring the respiratory movements into perfect accord 
with the requirements of animal life (as in adapting the action of the muscles of the 
larynx to production of voice), the spinal accessory nerve becomes an indispensable aid. 

2 This statement is one that will admit of question. The reader is referred to the 
experiments of Bernard and Bischoff (as given on a subsequent page) for the difference 
between the effect of the spinal accessory fibers upon the glottis from those of the pneu
mogastric itself. 
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s t i l l r e g a r d e d as t h e m e a n s b y w h i c h t he se n e r v e s e x e r t t h e i r 

i n f l u e n c e u p o n t h a t p o r t i o n o f t h e b o d y . 

FIG. 91.—Nerves of the larynx,posterior FIG. 92.—Nerves of the larynx, lateral 
view. (After Sappey.) view. (After Hirschfeld.) 

FIG. 91.—1,1, superior laryngeal nerves passing through the thyro-hyoid membrane; 2, 2, 
external laryngeal branch supplying the crico-thyroid muscle; 3, ascending branches 
distributed to the mucous membrane of the tongue ; 4, transverse branches distribu
ted to the mucous membrane of the epiglottis and the aryteno-epiglottidean folds; 5, 
descending branches passing to the mucous membrane covering the posterior surface 
of the larynx (two of these, of considerable size, cross the arytenoid muscle to supply 
the mucous membrane lining the walls of the vestibule); 6, branch connecting the 
superior with the inferior laryngeal nerve; 7, the same branch divided near its point 
of origin; 8, 8, inferior laryngeal nerve; 9, branch to the posterior crico-arytenoid 
muscle, which is here divided in order to show the next nerve; 10, branch to the 
arytenoid winding under the lower boi'der of the muscle so as to enter it from its 
inner surface; 11, branch to the lateral crico-arytenoid muscle; 12, branch to the 
thyro-arytenoid muscle. 

FIG. 92.—a, section of the hyoid bone; b, section of the thyroid cartilage; c, thyro-hyoid 
membrane; <l, cricoid cartilage; e, trachea; f oesophagus; ^epiglottis; superior 
cornu of the thyroid cartilage ; i, great cornu of the hyoid bone ; k, lateral thyro-hyoid 
ligament; /, thyro-hyoid membrane ; in, posterior crico-arytenoid muscle ; n, lateral 
crico-arytenoid muscle; o, thyro-arytenoid muscle-; p, base of the tongue ; 1, recur
rent laryngeal nerve; 2, branches given off from this nerve to the posterior crico
arytenoid muscle; 3, branch to the lateral crico-arytenoid muscle; 4, branch to the 
thyro-arytenoid muscle; 5, branch to the arytenoid muscle; 6, right superior laryn
geal nerve; 7, anastomosis of this nerve with the inferior laryngeal; 8, descending 
branches from the superior laryngeal; 9, middle branches of the same nerve; 10, 
ascending branches. 
I n a d d i t i o n t o t h e b r a n c h e s , w h i c h a re c o n s i d e r e d as o f t h e 

g r e a t e s t p h y s i o l o g i c a l i m p o r t a n c e , c e r t a i n o t h e r motor fibers 
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a r e n o w t r a c e d w i t h t o l e r a b l e c e r t a i n t y t o t h e t r u n k o f t h e 

p n e u m o g a s t r i c n e r v e , w h i c h a r e n o t u n i m p o r t a n t . T h u s w e 

m a y i n c l u d e c e r t a i n n e r v e s w h i c h s u p p l y t h e p l a i n m u s c u l a r 

f i b e r s o f t h e t r a c h e a a n d o f t h e l a r g e r b r o n c h i a l t u b e s , fibers 

w h i c h e x e r t a vaso-motorial influence u p o n t h e b l o o d - v e s s e l s 

o f t h e l u n g s , a n inhibitory nerve f o r the heart, a n d c e r t a i n 

fibers w h i c h a r e d i s t r i b u t e d t o 

t h e l u n g s a n d t h e h e a r t , w h i c h 

a r e s u p p o s e d t o e x e r t a trophic 

influence. 

T h e p r o p e r t i e s a n d f u n c t i o n s 

o f t h e cardiac nerve, a n d i n 

w h a t w a y t h e p n e u m o g a s t r i c 

n e r v e i n f l u e n c e s t h e a c t i o n o f 

t h e h e a r t , a r e p h y s i o l o g i c a l 

q u e s t i o n s o f t h e g r e a t e s t i m p o r 

t a n c e . I t i s n o w k n o w n t h a t 

s e c t i o n o f t h e p n e u m o g a s t r i c i n 

t h e n e c k , i n s t e a d o f a r r e s t i n g 

t h e a c t i o n o f t h e h e a r t , in

creases the frequency o f i t s 

c o n t r a c t i o n s ; w h i l e g a l v a n i s m 

o f t h e d i v i d e d e n d s causes t h e 

h e a r t ' s a c t i o n t o stop during its 

diastole, i f t h e c u r r e n t b e a 

p o w e r f u l o n e , a n d , i f a w e a k 

o n e , t h e h e a r t ' s a c t i o n i s p r o p o r 

t i o n a t e l y s l o w e d . 

T h e depressor nerve of the 

heart i s s h o w n , 1 i n t h e d i a g r a m 

m a t i c r e p r e s e n t a t i o n o f t h e p n e u 

m o g a s t r i c n e r v e a n d i t s b r a n c h e s , t o a r i s e f r o m t w o filaments, 

d e r i v e d , r e s p e c t i v e l y , f r o m t h e p n e u m o g a s t r i c a n d t h e s u p e r i o r 

l a r y n g e a l n e r v e s . T h e i m p o r t a n c e o f t h i s n e r v e i n e x p l a i n i n g 
1 For the method of origin of this nerve, see the diagrammatic plate of the upper 

half of the pneumogastric nerve, page 23S. While the diagram illustrates the construc
tion of this nerve, as found in the rabbit by Cyon, it is still questionable whether a simi
lar method of origin can be demonstrated in man. That the nerve exists is not a matter 
of doubt; but it is impossible to positively state its method of origin or its precise course. 

18 

FIG. 93.—Branches of the pneumogastric 
to the heart. (Bernard.) 

C, heart; a, carotid artery going to the 
brain; n, branches of the pneumo
gastric going to the heart. 
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m a n y p h y s i o l o g i c a l e f f e c t s o f g a l v a n i s m o f t h e p n e u m o g a s t r i c 

h a s b e e n d e v e l o p e d t h r o u g h t h e e f f o r t s o f C y o n a n d L u d w i g , 

i n t h e i r p r i z e essay o f 1867, w h o s h o w e d t o t h e p r o f e s s i o n i t s 

p o w e r o f d e c r e a s i n g t h e bea t s o f t h e h e a r t , a n d w h o t h u s 

a f f o r d e d t h e m e a n s o f s a t i s f a c t o r i l y e x p l a i n i n g m a n y p h e 

n o m e n a m e t w i t h i n t h e d a i l y p r a c t i c e o f m e d i c i n e . I f t h e 

a b d o m e n o f a f r o g be e x p o s e d , a n d t h e i n t e s t i n e s t r u c k s h a r p 

l y , t h e h e a r t w i l l be seen t o s t a n d s t i l l , as i f t h e d e p r e s s o r 

n e r v e o f t h e h e a r t h a d b e e n g a l v a n i z e d ; w h i l e s t i m u l a t i o n 

o f t h e m e s e n t e r i c n e r v e s , b e f o r e t h e y j o i n t h e s y m p a t h e t i c 

c h a i n , w i l l h a v e a l i k e r e s u l t . I t h a s b e e n f o u n d t h a t t h e 

i r r i t a t i o n o f a n i n f l a m e d p e r i t o n e a l s u r f a c e , e v e n i f g e n t l y 

p r a c t i c e d , w i l l decrease t h e h e a r t p u l s a t i o n s , a n d t h a t severe 

shock or very intense pain, n o m a t t e r w h e r e i t a r i ses , w i l l 

a l s o h a v e t h e same e f f e c t u p o n t h e h e a r t . 

S u c h e v i d e n c e s o f r e f l e x a c t i o n a r e a p p a r e n t l y t r a n s m i t t e d 

t h r o u g h t h e s e d e p r e s s o r n e r v e s o f t h e h e a r t a l o n e , a n d t h e y 

h e l p u s t o e x p l a i n w h y p a i n m a y c rea t e , i n t h e h u m a n r ace , 

a t t a c k s o f f a i n t i n g , a n d w h y s o m e t y p e s o f i n f l a m m a t o r y d i s 

eases a n d s ta tes o f c o l l a p s e a n d s h o c k a r e a s s o c i a t e d w i t h a 

decrease i n t h e p u l s a t i o n s o f t h e h e a r t . T h e a c t i o n o f atropin, 

e v e n i n s m a l l doses , seems t o e n t i r e l y a r r e s t t h e i n f l u e n c e o f 

t h i s n e r v e u p o n t h e h e a r t , a n d a g u i d e t o t h e a d m i n i s t r a t i o n 

o f t h i s d r u g m a y t h u s b e d e r i v e d f r o m p h y s i o l o g y , w h i l e 

t h e e f f e c t s t h e r e o f m a y , i n s o m e i n s t a n c e s , b e t h u s m a d e 

c lea r . 

T h e cardiac nerves o f t h e p n e u m o g a s t r i c a r e u n d o u b t e d l y 

c o n n e c t e d w i t h t h e o t h e r n e r v e s o f t h e cardiac ganglia,1 a n d 

a c t u p o n t h e h e a r t fibers i n d i r e c t l y , r a t h e r t h a n d i r e c t l y , w i t h 

o u t t h e i n t e r v e n t i o n o f t h e g a n g l i o n . I t h a s l a t e l y b e e n p r o v e n 

t h a t c e r t a i n other cardiac nerves, w h o s e f u n c t i o n i s a cce l e r a 

t o r y , r a t h e r t h a n d e p r e s s i n g , t o t h e h e a r t , c a n b e t r a c e d t o t h e 

cervical portion o f t h e spinal cord as t h e i r p o i n t o f o r i g i n , 

b u t t h e y h a v e n o c o n n e c t i o n w i t h t h e p n e u m o g a s t r i c n e r v e . 

1 The vaso motor nerves of the lung arc derived, according to Franck, from the upper 
cervical ganglia of the sympathetic, their primary origin, however, being in the cervico-
dorsal region of the cord. 
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The afferent fibers of the pneumogastric nerve, or those 

w h i c h c a r r y i m p r e s s i o n s f r o m t h e p e r i p h e r y o f t h e n e r v e t o 

w a r d i t s p o i n t o f o r i g i n , c o m p r i s e t h e s e n s o r y f i l a m e n t s 1 d i s 

t r i b u t e d t o t h e e n t i r e r e s p i r a t o r y t r a c t ; a n d a l s o t h o s e s e n s o r y 

n e r v e s w h i c h s u p p l y t h e p h a r y n x , t h e o e s o p h a g u s , a n d t h e 

s t o m a c h ; f i b e r s w h i c h a s s i s t t o p r o d u c e t h e s e c r e t i o n o f t h e 

s a l i v a ; f i b e r s w h i c h t e n d t o a r r e s t t h e s e c r e t i o n o f t h e p a n 

c r e a s ; a s p e c i a l inhibitory n e r v e u p o n t h e vaso-motor center 

o f t h e m e d u l l a o b l o n g a t a ; a n d , f i n a l l y , a s p e c i a l s e t o f f i b e r s 

w h i c h b o t h a u g m e n t a n d r e t a r d , a t w i l l , t h e a c t i o n o f t h e 

respiratory center o f t h e m e d u l l a o b l o n g a t a . 

A s t h e p n e u m o g a s t r i c n e r v e i s m o r e a p p a r e n t l y , a l t h o u g h 

p e r h a p s n o t m o r e i m p o r t a n t l y , c o n n e c t e d w i t h t h e act of respi

ration, w e w i l l f i r s t c o n s i d e r t h e t w o se ts o f f i b e r s w h i c h h a v e 

b e e n m e n t i o n e d a b o v e as i n f l u e n c i n g t h e a c t i o n o f t h e r e s p i r a 

t o r y c e n t e r . I t h a s b e e n s h o w n b y R o s e n t h a l t h a t t h e s u p e 

r i o r l a r y n g e a l n e r v e , w h e n s t i m u l a t e d b y a g a l v a n i c c u r r e n t , 

dec rea se s t h e n u m b e r o f r e s p i r a t i o n s , w h i l e t h e m a i n t r u n k 

o f t h e p n e u m o g a s t r i c n e r v e , w h e n s i m i l a r l y s t i m u l a t e d , t e n d s 

t o i n c r e a s e t h e n u m b e r o f r e s p i r a t i o n s . T h u s , t h e f a c t t h a t 

t h e v a g u s n e r v e p o s s e s s e d two sets o f respiratory fibers, a n 

a c c e l e r a t o r y a n d a n i n h i b i t o r y , s eems t o b e w e l l e s t a b l i s h e d , 

a l t h o u g h s o m e o b s e r v e r s h a v e n o t , as y e t , a d m i t t e d t h e p o s i -

t i v e n e s s o f t h e e x p e r i m e n t . 

A s r e g a r d s t h o s e b r a n c h e s o f t h e p n e u m o g a s t r i c w h i c h 

s e e m t o e x e r t a s p e c i f i c i n f l u e n c e u p o n t h e various secretions 

o f t h e a l i m e n t a r y c a n a l , w e h a v e y e t m u c h t o l e a r n . A s a 

g e n e r a l r u l e , i t m a y b e s t a t e d t h a t a n y t h i n g w h i c h t e n d s t o 

c r e a t e a n i n c r e a s e d a c t i v i t y i n t h e e p i t h e l i a l c e l l s , r a t h e r t h a n 

i n t h e b l o o d s u p p l y o f t h e p a r t , t e n d s a l s o t o i n c r e a s e t h e se

c r e t i o n . T h u s a d r u g m a y e x c i t e a n y s p e c i a l s e c r e t i o n , f i r s t , 

1 Somraerbrodt (" Centralbl. f. d. med. Wiss.," December, 1880) points out a mechan
ism of compensation by which the action of the lungs and of the heart is coordinated. 
Thus, a rise in the infra-bronchial pressure (as occurs in singing, crying, coughing, etc.), 
by irritating the sensory nerves of the lungs, excites a reflex depressing action on the 
vaso-motor and cardio-inhibitory nerves. The resulting vascular dilatation and accelera
tion of the heart's action react upon the lung in two ways. They prevent the natural ten
dency to stasis of the blood in the bronchial walls, and they insure the rapid renewal of 
oxygen, demanded by the increase in pulmonary activity. 
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b y a c t i n g u p o n t h e n e r v e c e n t e r w h i c h c o n t r o l s t h a t p a r t ; 

s e c o n d l y , b y a r e f l e x a c t t h r o u g h t h e n e r v e s o f t h e p a r t ; 

t h i r d l y , b y a c t i n g as a d i r e c t c h e m i c a l s t i m u l u s t o t h e c e l l s ; 

a n d , f o u r t h l y , b y i n c r e a s i n g t h e a m o u n t o f b l o o d i n t h e 

p a r t , t h r o u g h d i l a t a t i o n o f t h e b l o o d - v e s s e l s . 

T h a t a n inhibitory e f f e c t u p o n t h e vaso-motor center o f t h e 

m e d u l l a i s possessed b y s o m e o f t h e fibers o f t h e p n e u m o g a s 

t r i c n e r v e , i s p r o v e n b y t h e e f f e c t o f g a l v a n i s m o f t h e v a g u s 

u p o n b l o o d p r e s s u r e ; s ince , w h e n t h e d e p r e s s o r n e r v e o f t h e 

h e a r t i s d i v i d e d a n d t h e e n d c o n n e c t e d w i t h t h e b r a i n i s g a l 

v a n i z e d , t h e blood pressure f a l l s , a l t h o u g h t h e h e a r t i s n o t 

a f f e c t e d , as i t w o u l d b e i f t h e c a r d i a c p o r t i o n o f t h e n e r v e 

w e r e s t i m u l a t e d . 

COURSE OF THE PNEUMOGASTRIC NERVE OF THE TWO SIDES. 

T h e i m p o r t a n t f u n c t i o n s o f t h e v a g u s r e n d e r i t n e c e s s a r y 

t h a t e v e r y p r e c a u t i o n s h a l l b e t a k e n b y N a t u r e t o p r e v e n t i t s 

p o s s i b l e i n j u r y , e s p e c i a l l y d u r i n g i t s passage t h r o u g h t h e 

n e c k ; s ince , w i t h i n t h e t h o r a x a n d t h e c a v i t y o f t h e a b d o m e n , 

t h e v i s c e r a a n d t h e b o n y e n c a s e m e n t s t e n d t o r e n d e r a l l p o s s i 

b l e d a n g e r s o f i n j u r y a m i n i m u m . W e t h e r e f o r e find t h i s 

n e r v e i n c l o s e d w i t h i n t h e s h e a t h o f t h e c a r o t i d a r t e r y , w h e r e 

i t i s p l a c e d between the artery and the internal jugular vein, 

l y i n g a l so posteriorly t o t h e m b o t h . B y t h i s p r o v i s i o n t h e 

n e r v e i s p l a c e d b e t w e e n fluid u p o n e i t h e r s ide , a n d t h u s a l l 

d a n g e r o f t r a n s m i t t e d f o r c e a f f e c t i n g i t i s o b v i a t e d , w h i l e t h e 

d e e p s i t u a t i o n o f t h e c a r o t i d a n d t h e c lose p r o x i m i t y o f t h e 

t r a n s v e r s e processes o f t h e c e r v i c a l ve r t eb rae m a k e t h e n e r v e 

s ecu re f r o m t h e d a n g e r o f w o u n d s o f p o i n t e d i n s t r u m e n t s . I t 

i s a l m o s t a n i m p o s s i b i l i t y , t h e r e f o r e , f o r t h i s n e r v e t o b e c o m e 

i n v o l v e d i n a n y f o r m o f a c c i d e n t , w i t h o u t t h e l a r g e vessels o f 

t h e n e c k b e i n g s i m u l t a n e o u s l y i n j u r e d a n d t h e p a t i e n t s a c r i 

ficed. 

E v e n i n t h e j u g u l a r f o r a m e n t h e n e r v e i s wrapped in the 

same sheath as t h e spinal accessory nerve, a n d i t i s p l a c e d 

b e h i n d b o t h t h e g l o s s o - p h a r y n g e a l n e r v e a n d t h e j u g u l a r 

v e i n ; w h i l e , t o r e a c h t h e c o m m e n c e m e n t o f t h e c o m m o n ca-
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r o t i d a r t e r y , t h e n e r v e i s p l a c e d i n c l o s e r e l a t i o n t o t h e i n t e r 

n a l c a r o t i d a r t e r y a n d t h e j u g u l a r v e i n . 

A s t h e n e r v e s o f e i t h e r s i d e r e a c h t h e l o w e r p o r t i o n o f t h e 

n e c k , e a c h t a k e s a d i f f e r e n t c o u r s e . T h e right nerve passes 

b e t w e e n t h e s u b c l a v i a n a r t e r y a n d v e i n , t h e n a l o n g t h e s i d e 

o f t h e t r a c h e a , t h e n t o t h e b a c k o f t h e r o o t o f t h e l u n g , t h e n 

a l o n g t h e s i d e o f t h e o e s o p h a g u s as t w o c o r d s , t h e n as a s i n g l e 

c o r d a l o n g t h e b a c k o f t h a t t u b e t h r o u g h t h e o e s o p h a g e a l 

o p e n i n g o f t h e d i a p h r a g m , a n d t e r m i n a t e s i n t h e s o l a r a n d 

s p l e n i c p l e x u s e s , a f t e r g i v i n g o f f b r a n c h e s t o t h e p o s t e r i o r 

s u r f a c e o f t h e s t o m a c h , a n d s o m e f i l a m e n t s t o t h e l i v e r . T h e 

l e f t nerve passes b e t w e e n t h e l e f t c o m m o n c a r o t i d a n d l e f t 

s u b c l a v i a n a r t e r i e s a n d b e h i n d t h e l e f t i n n o m i n a t e v e i n , t h e n 

a r c h e s a c r o s s t h e a o r t a a n d passes t o t h e b a c k o f t h e r o o t o f 

t h e l u n g , t h e n as t w o c o r d s a l o n g t h e s i d e s o f t h e o e s o p h a g u s , 

w h e r e i t j o i n s w i t h i t s f e l l o w t o f o r m t h e o e s o p h a g e a l p l e x u s , 

t h e n , as a s i n g l e c o r d , i n f r o n t o f t h e o e s o p h a g u s t h r o u g h t h e 

o e s o p h a g e a l o p e n i n g o f t h e d i a p h r a g m , w h e n i t s u p p l i e s t h e 

a n t e r i o r s u r f a c e o f t h e s t o m a c h a n d p r o b a b l y t e r m i n a t e s i n 

t h e h e p a t i c p l e x u s . 

THE EFFECTS OF SECTION OF THE PNEUMOGASTRIC NERVE. 

T h e e f f e c t s o f s e c t i o n o f b o t h o f t h e p n e u m o g a s t r i c t r u n k s , 1 

i f m a d e b e l o w t h e j u g u l a r g a n g l i o n , a r e m o s t m a r k e d l y e x 

h i b i t e d i n t h e l a r y n x , t h e l u n g s , a n d t h e h e a r t . 

E f f e c t s upon the Larynx.—The l a r y n x b e c o m e s i m p a i r e d 

i n i t s f u n c t i o n , a n d t h e g l o t t i s r e m a i n s p a r t i a l l y c l o s e d b y t h e 

v o c a l c o r d s , w h o s e a b d u c t o r m u s c l e s a r e n o w p a r a l y z e d , t h u s 

i m p e d i n g t h e f r e e e n t r a n c e o f a i r i n t o t h e l u n g ; a n d , as a 

c o n s e q u e n c e o f t h i s , t h e r e s p i r a t i o n s a r e , f o r a s h o r t t i m e , 

h u r r i e d a n d d i f f i c u l t , a l t h o u g h t h e y s o o n b e c o m e d i m i n i s h e d 

i n f r e q u e n c y 2 T h e inspiratory e f f o r t b e c o m e s unusually 
1 Animals usually survive after one vagus nerve is divided, and present only a hoarse

ness of voice ; an increased frequency of respiration, emphysema, or pulmonary congestion 
may be a sequel to the operation. Union of the divided nerve has been observed in 
numerous instances. 

2 Were it not for the nerves of the skin, and other sensory nerves which can transmit 
the feeling of pain, and which also possess the power of exciting respiratory efforts, sec
tion of both vagi ought, theoretically, to stop respiration at once. 
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slow, w h i l e e x p i r a t i o n i s r e m a r k a b l y r a p i d a n d s o m e t i m e s 

a u d i b l e ; t h e i n t e r c o s t a l spaces s i n k i n w a r d d u r i n g t h e e l eva 

t i o n o f t h e r i b s , s h o w i n g t h a t t h e l u n g s a r e n o t f u l l y i n f l a t e d 

w i t h a i r , a n d d e a t h o c c u r s i n f r o m o n e t o s i x d a y s , as t h e 

r e s u l t o f p u l m o n a r y c o n s o l i d a t i o n . T h e r e a r e n o s y m p t o m s 

a c c o m p a n y i n g t h e a p p r o a c h o f d e a t h , e x c e p t a g r a d u a l f a i l 

u r e o f r e s p i r a t i o n a n d a p e c u l i a r s l u g g i s h n e s s , 1 w h i c h i s c h a r 

a c t e r i s t i c a n d p r o b a b l y d e p e n d e n t u p o n c a r b o n i c - a c i d p o i 

s o n i n g . 

T h e i m m e d i a t e cause o f d e a t h c a n u n d o u b t e d l y b e a t t r i 

b u t e d t o t h e a l t e r e d c o n d i t i o n o f t h e l u n g s , w h i c h p r e s e n t a 

s t a t e o f s i m p l e vascular engorgement, w i t h o u t a n y a p p a r e n t 

i n f l a m m a t o r y c o n d i t i o n e i t h e r o f t h e l u n g o r p l e u r a . I n v e r y 

y o u n g a n i m a l s , t h e d i v i s i o n o f t h e v a g i i s f o l l o w e d b y a l m o s t 

i m m e d i a t e d e a t h , b u t t h i s i s a t t r i b u t a b l e r a t h e r t o p a r a l y s i s 

o f t h e g l o t t i s a n d t h e e n s u i n g s u f f o c a t i o n t h a n t o p u l m o n a r y 

c o n g e s t i o n , w h i c h r e q u i r e s t i m e f o r i t s d e v e l o p m e n t . 

E f f e c t s upon the Lungs.—There h a v e b e e n m a n y t h e o r i e s 

a d v a n c e d t o e x p l a i n t h e e f f e c t s o f d i v i s i o n o f t h e p n e u m o 

g a s t r i c n e r v e s u p o n t h e l u n g t i s s u e , a n d p a r t i c u l a r l y t o e x 

p l a i n w h y s u c h a n o p e r a t i v e p r o c e d u r e s h o u l d be f o l l o w e d b y 

e x c e s s i v e p u l m o n a r y h y p e r e m i a , so as t o cause t h e s p e c i f i c 

g r a v i t y o f t h e l u n g s t o e x c e e d t h a t o f w a t e r . I t seems t o m e 

t h a t t h e t h e o r y , t h a t t h e e n t r a n c e o f s e c r e t i o n s o r f o o d i n t o 

t h e l u n g t h r o u g h t h e p a r a l y z e d g l o t t i s ( w h i c h c a n n o l o n g e r 

s p o n t a n e o u s l y e x p e l a n y f o r e i g n b o d y ) w i l l e x p l a i n t h e c o n 

s o l i d a t i o n o f t h e l u n g as a direct result of irritation, i s n o t sus

t a i n e d e i t h e r b y t h e p a t h o l o g y o f t h e p u l m o n a r y l e s i o n o r b y 

e x p e r i m e n t s w h e r e a c a n u l a h a s b e e n p l a c e d i n t h e l a r y n x t o 

p r e v e n t t h i s cause o f i r r i t a t i o n . B e r n a r d h a s e x p l a i n e d i t o n 

t h e g r o u n d t h a t traumatic emphysema o f t h e l u n g i s d e v e l 

o p e d f r o m t h e l a b o r e d i n s p i r a t o r y e f f o r t s m a d e b y t h e a n i m a l 

a f t e r t h e d i v i s i o n o f t h e v a g i , t h u s c r e a t i n g a mechanical 

hemorrhage w h i c h e v e n t u a l l y c o n s o l i d a t e s t h e l u n g t i s s u e . 

H e s u s t a i n s t h i s t h e o r y b y t h e f a c t t h a t b i r d s , w h o s e l u n g s 

a r e fixed a n d i m m o v a b l e , a n d a r e t h e r e f o r e i n e x p a n s i b l e , f a i l 
1 The convulsions which often accompany asphyxia are usually absent in these animals. 
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t o p r e s e n t t h i s c o n d i t i o n w h e n t h e v a g i a r e d i v i d e d , a l t h o u g h 

d e a t h i s p r o d u c e d . 

T o m y m i n d , t h e m o s t p l a u s i b l e e x p l a n a t i o n o f t h e e f f e c t s 

o f t h i s o p e r a t i o n u p o n t h e l u n g s m a y b e r e g a r d e d as a p u r e l y 

m e c h a n i c a l o n e , d e r i e n d e n t u p o n t h e impeded entrance of 

air t h r o u g h t h e l a r y n x . D u r i n g e a c h i n s p i r a t o r y e f f o r t , t h e 

d e p r e s s i o n o f t h e d i a p h r a g m a n d t h e e l e v a t i o n o f t h e r i b s 

t e n d t o c r e a t e a v a c u u m w i t h i n t h e p l e u r a l a n d p e r i c a r d i a l 

sacs , a n d t h u s f a v o r t h e e n t r a n c e o f b o t h a i r a n d b l o o d i n t o 

t h e t h o r a x . So l o n g as t h e e n t r a n c e o f e i t h e r o n e r e m a i n s 

u n i m p e d e d , t h e p r o p e r b a l a n c e b e t w e e n t h e t w o i s p r e s e r v e d , 

a n d n e i t h e r t o o m u c h a i r n o r t o o m u c h b l o o d i s s u c k e d i n w i t h 

e a c h i n s p i r a t i o n ; b u t , w h e n t h e a i r i s p r e v e n t e d f r o m e n t e r 

i n g , a n excess of blood flows i n t o t h e l u n g w i t h e a c h i n s p i r a 

t i o n , a n d , i n t h e c o u r s e o f t i m e , t h e l u n g i s t h u s m e c h a n i c a l l y 

c o n s o l i d a t e d . W e r e t h e n u m b e r o f r e s p i r a t i o n s n o t g r e a t l y 

d e c r e a s e d f r o m t h e n o r m a l s t a n d a r d , t h e d u r a t i o n o f l i f e 

w o u l d p r o b a b l y b e p r o p o r t i o n a l l y s h o r t e n e d , as t h e s a m e 

e f f e c t w o u l d b e p r o d u c e d i n s h o r t e r t i m e . T h e d e a t h o f b i r d s 

a n d s o m e o t h e r a n i m a l s , a f t e r s e c t i o n o f t h e v a g i , m a y p o s s i 

b l y b e e x p l a i n e d o n t h e g r o u n d o f a t o o p o w e r f u l i m p r e s s i o n 

u p o n t h e respiratory center 

E f f e c t s upon the Heart.—In a d d i t i o n t o t h e e f f e c t s u p o n 

t h e l u n g s , d i v i s i o n o f t h e p n e u m o g a s t r i c n e r v e s i s f o l l o w e d b y 

a m a r k e d alteration o f t h e action of the heart. T h e e f f e c t s 

a r e s o m e w h a t s i m i l a r t o t h o s e w h i c h m i g h t r e s u l t i f t h e g o v 

e r n o r o f a s t e a m - e n g i n e w e r e s u d d e n l y r e m o v e d , a n d t h e 

p i e c e o f m e c h a n i s m a l l o w e d t o p r o c e e d w i t h o u t i t s c o n t r o l 

l i n g i n f l u e n c e . T h u s t h e h e a r t i n c r e a s e s s l i g h t l y i n t h e r a p i d 

i t y o f i t s p u l s a t i o n s , a n d t h e a m o u n t o f cardiac pressure 

becomes slightly diminished, w h e n o n e o f t h e n e r v e s i s sev

e r e d ; b u t , w h e n b o t h a r e d i v i d e d , t h e r e s p i r a t o r y s y m p t o m s 

f a r o u t w e i g h t h o s e o f t h e h e a r t , b u t i t s a c t i o n i s s t i l l a c c e l 

e r a t e d a n d o f t e n i r r e g u l a r , s i n c e t h e i n h i b i t o r y p o w e r o f t h e 

n e r v e s i s d e s t r o y e d . 

E f f e c t s upon the Digestive Tract. — T h e esophageal 

brandies o f t h e v a g u s a r e t h e motor nerves, w h i c h c o n t r o l t h e 
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p e r i s t a l t i c a c t i o n o f t h a t t u b e (as i s p r o v e n b y t h e f a c t t h a t 

d i v i s i o n o f t h e p n e u m o g a s t r i c n e r v e s o f b o t h s ides causes 

c o m p l e t e p a r a l y s i s ) , a n d a l so t h e m e a n s b y w h i c h sensation 

i s a f f o r d e d t o i t s m u c o u s l i n i n g . I n a n i m a l s w h i c h h a v e 

b e e n s u b j e c t e d t o d i v i s i o n o f t h e v a g i , a t t e m p t s t o s w a l l o w 

f o o d i n a n y c o n s i d e r a b l e q u a n t i t i e s c r e a t e a d i s t e n t i o n o f 

t h e u p p e r p a r t o f t h e oesophagus , a n d r e g u r g i t a t i o n b y m e a n s 

o f t h e m o u t h t a k e s p l a c e w i t h o u t t h e f o o d e n t e r i n g t h e 

s t o m a c h , as w a s p r o v e n b y B e r n a r d , w h o m a d e a g a s t r i c 

fistula i n a d o g b e f o r e d i v i d i n g t h e p n e u m o g a s t r i c s , i n o r d e r 

t o d e c i d e t h i s p o i n t . F r o m w h a t s o u r c e t h e m o t o r fibers 

w h i c h c o n t r o l t h e m o v e m e n t s o f t h e oe sophagus a r e d e r i v e d 

b y t h e p n e u m o g a s t r i c n e r v e i s s t i l l a m a t t e r o f d o u b t ; t h e 

r o o t o f t h e n e r v e i t s e l f seems t o possess s o m e i n f l u e n c e u p o n 

i t , t h u s s h o w i n g t h a t i t c a n n o t be t r a c e d t o t h e n e r v e s w h i c h 

c o m m u n i c a t e w i t h i t b e l o w t h e j u g u l a r f o r a m e n . 

T h e b r a n c h e s w h i c h a r e distributed to the liner b y t h e 

p n e u m o g a s t r i c n e r v e s a re p r o b a b l y , i n s o m e w a y , c o n n e c t e d 

w i t h t h e glycogenic function o f t h a t o r g a n , s i nce d i v i s i o n o f 

t h e s e n e r v e s causes t h e l i v e r t o y i e l d n o t r a c e s o f s u g a r a f t e r 

t h e a n i m a l s u c c u m b s , w h i c h i s c o n t r a r y t o t h e r e s u l t o b t a i n e d 

a f t e r d e a t h i n a n i m a l s w h i c h h a v e t h e s e n e r v e s i n t a c t . W h e n 

t h e n e r v e s a r e d i v i d e d i n t h e l i v i n g a n i m a l , a n d t h e e n d nea r 

est t o t h e b r a i n i s g a l v a n i z e d , a n i n c r e a s e o f s u g a r i n t h e 

b l o o d i s t h u s a r t i f i c i a l l y p r o d u c e d a t a n y t i m e d u r i n g t h e l i f e 

o f t h e a n i m a l , a n d t r ace s o f t h e s ame m a y a l s o be f o u n d i n 

t h e u r i n e . A s i m i l a r h y p e r - s e c r e t i o n o f s u g a r b y t h e l i v e r 

m a y b e a l so n o t i c e d a f t e r t h e i n h a l a t i o n o f i r r i t a t i n g v a p o r s 

o r anaes the t ics , p r o b a b l y t h r o u g h t h e i n f l u e n c e o f t h e v a g i . 

T h e gastric branches o f t h e p n e u m o g a s t r i c s s h o w a m a r k e d 

a l t e r a t i o n i n t h e i r p o w e r o f c o n t r o l o v e r t h a t o r g a n w h e n t h e 

m a i n n e r v e t r u n k s a r e d i v i d e d . T h e m u c o u s l i n i n g o f t h e 

s t o m a c h b e c o m e s a t once p a l e , a n d t h e s e c r e t i o n o f g a s t r i c 

j u i c e a p p a r e n t l y a r r e s t e d , a l t h o u g h a s l i g h t a m o u n t o f se

c r e t i o n m a y r e t u r n i n a f e w d a y s i f t h e a n i m a l s u r v i v e . T h e 

1 Physiologists are not agreed as to the scat of the reflex act of vomiting which fol
lows division of the vagi. 
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s e n s a t i o n s o f hunger a n d thirst r e m a i n , b u t a r e s e n s i b l y d i 

m i n i s h e d . Absorption b y t h e s t o m a c h i s e v i d e n t l y d e l a y e d , 

b u t n o t a r r e s t e d , as h a s b e e n p r o v e n b y t h e i n t r o d u c t i o n o f 

p o i s o n s i n t o t h a t o r g a n . 

T h e intestinal branches o f t h e v a g i u n q u e s t i o n a b l y c o n 

t r o l t h e s e c r e t i o n s o f t h e c a n a l , a n d s e c t i o n o f t h e n e r v e s 

h a s b e e n s h o w n t o p r e v e n t t h e a c t i o n o f t h e m o s t p o w e r f u l 

c a t h a r t i c s , e v e n i n f a t a l doses , w h e n a d m i n i s t e r e d i m m e d i 

a t e l y b e f o r e t h e v a g i w e r e d i v i d e d . I t i s s t i l l a q u e s t i o n 

w h e t h e r t h e p n e u m o g a s t r i c n e r v e s i n f l u e n c e t h e s e c r e t i o n s o f 

t h e i n t e s t i n a l c a n a l d i r e c t l y , o r t h r o u g h t h e s y m p a t h e t i c s y s 

t e m b y m e a n s o f c o m m u n i c a t i n g filaments. 

I f t h e l a t t e r b e t h e case, t h o s e f i l a m e n t s o f c o m m u n i c a t i o n 

w h i c h c o n t r o l t h e s t o m a c h a n d o e s o p h a g u s m u s t b e s o u g h t f o r 

h i g h u p i n t h e c e r v i c a l r e g i o n . 

CLINICAL POINTS PERTAINING TO THE PNEUMOGASTRIC NERVE. 

T h e p h y s i o l o g i c a l f u n c t i o n o f t h e s e p a r a t e b r a n c h e s o f t h e 

p n e u m o g a s t r i c , as m e n t i o n e d i n p r e c e d i n g p a g e s , w i l l a s s i s t 

y o u i n a p p r e c i a t i n g t h e v a r i o u s m a n i f e s t a t i o n s o f d i s e a s e d 

c o n d i t i o n s o f t h e m a i n t r u n k o f t h e v a g u s , o r o f i t s i n d i v i d u a l 

b r a n c h e s . Y o u c a n u n d e r s t a n d , f r o m w h a t h a s p r e v i o u s l y 

b e e n s a i d , t h a t t h e e f f e c t o f d e g e n e r a t i o n , s e c t i o n , o r p r e s s u r e 

u p o n t h i s i m p o r t a n t n e r v e m u s t v a r y w i t h t h e sea t o f t h e 

l e s i o n ; s i n c e t h o s e b r a n c h e s g i v e n o f f a b o v e t h e p o i n t w h e r e 

t h e n e r v e i s i m p a i r e d w i l l m a n i f e s t t h e i r u s u a l p o w e r s , w h i l e 

t h o s e g i v e n o f f b e l o w t h a t p o i n t w i l l s h o w s y m p t o m s o f p a r 

t i a l o r c o m p l e t e p a r a l y s i s . W e c a n , t h e r e f o r e , s t u d y t h e e f f e c t s 

o f i m p a i r m e n t o f t h e p n e u m o g a s t r i c n e r v e b y c o n s i d e r i n g t h e 

i n d i v i d u a l b r a n c h e s i n t h e i r o r d e r f r o m a b o v e d o w n w a r d , a n d 

r e c o r d i n g t h e s p e c i a l t y p e s o f d i s ea se w h i c h a r e l i a b l e t o c re 

a t e s y m p t o m s r e f e r a b l e t o e a c h b r a n c h . 

T h e pharyngeal branch c o n t a i n s b o t h m o t o r a n d s e n s o r y 

fibers ; h e n c e i n j u r y t o i t s s t r u c t u r e w i l l c r e a t e b o t h p a r a l y s i s 

a n d a n e s t h e s i a , w h i l e s i m p l e i r r i t a t i o n o f i t s fibers w i l l t e n d 

t o c r e a t e c o n t r a c t i o n o r s p a s m o f c e r t a i n m u s c l e s t o w h i c h 

i t s m o t o r fibers a r e d i s t r i b u t e d . W e t h u s see, i n a t t a c k s o f 
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h y s t e r i a , t h e s o - c a l l e d "globus hystericus" a s p a s m o d i c 

a f f e c t i o n o f t h e p h a r y n x , d u e t o s o m e i r r i t a t i o n o f t h e 

p n e u m o g a s t r i c t r u n k o r o f t h e p h a r y n g e a l b r a n c h e s . W e 

a l s o o c c a s i o n a l l y m e e t t r u e p a r a l y s i s o f t h i s b r a n c h ; i n 

w h i c h case, t h e a c t o f d e g l u t i t i o n i s g r e a t l y i m p a i r e d , a n d , 

i f t h e d isease i s b i l a t e r a l , s w a l l o w i n g i s r e n d e r e d a l m o s t a n 

i m p o s s i b i l i t y . 

T h e superior laryngeal branch, w h o s e f u n c t i o n i s t o s u p 

p l y t h e m u c o u s l i n i n g o f t h e l a r y n x w i t h s e n s i b i l i t y , 1 becomes , 

u n d e r i r r i t a t i o n , t h e cause o f ' ' s p a s m o f t h e g l o t t i s ' ' a n d 

o f " w h o o p i n g - c o u g h . " T h e f o r m e r c o n d i t i o n , c a l l e d a l so 

" s t r i d u l o u s laryngitis" a n d " K o p p ' s a s t h m a , " i s a d i sease 

p e c u l i a r t o c h i l d r e n , w h i c h t e n d s t o w a r d a s p h y x i a , b u t w h i c h 

i s r a r e l y i f e v e r f a t a l . I t u s u a l l y o c c u r s d u r i n g t h e n i g h t , 

a n d seems t o a f f e c t c h i l d r e n w h o h a v e b e e n i n a p p a r e n t h e a l t h . 

I t i s m o s t c o m m o n d u r i n g t h e c o l d m o n t h s ; i s s o m e t i m e s as

s o c i a t e d w i t h c o n v u l s i o n s ; a n d i s c h a r a c t e r i z e d b y a s i b i l a n t 

c h a r a c t e r t o t h e r e s p i r a t i o n , p a l l o r , o r t u r g i d i t y o f t h e c o u n 

t e n a n c e , a n d a p e c u l i a r r e t r a c t i o n o f t h e h e a d . I n r a r e cases, 

t h i s c o n d i t i o n i s m e t w i t h i n t h e a d u l t , d u r i n g a t t a c k s o f h y s 

t e r i a . I t seems t o be d e p e n d e n t , i n c h i l d r e n , u p o n d e n t i t i o n , 

d i g e s t i v e i r r i t a t i o n , a n e m i a , r i c k e t s , e tc . 

T h e e x p e r i m e n t s o f R o s e n t h a l s eem t o p o i n t t o t h e s u p e r i o r 

l a r y n g e a l n e r v e as t h e e x c i t i n g cause o f t h e convulsive cough 

o f "pertussis," a n d a l s o o f t h a t a n a l o g o u s c o u g h o f t e n m e t 

w i t h i n h y s t e r i c a l s u b j e c t s , s i nce a r t i f i c i a l s t i m u l a t i o n o f t h e 

n e r v e p r o d u c e d , w i t h t h i s o b s e r v e r , s i m i l a r r e s u l t s . W h e t h e r 

t h e i r r i t a t i o n o f t h e n e r v e p r o c e e d s f r o m t h e c a t a r r h a l i n 

flammation w h i c h e x i s t s i n t h e r e s p i r a t o r y passages , o r i r r i 

t a t i o n o f s o m e s p i n a l o r c e r e b r a l c e n t e r , i s n o t y e t w e l l d e t e r 

m i n e d . 

T h e recurrent laryngeal branch i s o f g r e a t c l i n i c a l i m p o r 

t a n c e , s i nce i t s p e c u l i a r c o u r s e o f t e n m a k e s i t a g u i d e t o a n e u 

r i s m o f t h e l a r g e b l o o d - v e s s e l s b y t h e p e c u l i a r s y m p t o m s w h i c h 

1 See page '232 of this volume. 
2 The reader is referred to " A Treatise on Surgical Diagnosis" (New York, 1881), by 

the author, for all the points of diagnosis of this type of disease. 
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i t c r e a t e s w i t h i n t h e l a r y n x . 2 T h e s o - c a l l e d " b r a s s y c o u g h " 

i s , b y s o m e s u r g e o n s , c o n s i d e r e d as p a t h o g n o m o n i c o f p r e s s 

u r e u p o n o r i r r i t a t i o n o f t h i s b r a n c h , a n d s t r o n g l y i n d i c a t i v e 

o f a n e u r i s m o f t h e s u b c l a v i a n , c a r o t i d s , t h e a r t e r i a i n n o m i -

n a t a , o r o f t h e l e f t s i d e o f t h e a r c h o f t h e a o r t a . 

T h i s b r a n c h m a y b e a f f e c t e d b y c e n t r a l causes , as w e l l as 

b y p e r i p h e r a l p r e s s u r e o r i r r i t a t i o n . A s e x a m p l e s o f t h e c e n 

t r a l c a u s e s o f i m p a i r m e n t o f t h i s n e r v e m a y b e m e n t i o n e d 

t h o s e cases o f a p o p l e x y , c e r e b r a l t u m o r s , h y s t e r i a , d i p h t h e 

r i a , t y p h o i d f e v e r , a n d r e f l e x i r r i t a t i o n f r o m d i seases o f t h e 

u t e r u s o r g e n i t a l s , w h e r e t h e l a r y n x i s m a r k e d l y a f f e c t e d . 

T h e p e r i p h e r a l c ause s w h i c h m o r e c o m m o n l y a f f e c t t h e r e c u r 

r e n t l a r y n g e a l n e r v e , i n c l u d e c a t a r r h a l , t u b e r c u l o u s , a n d 

s y p h i l i t i c i n f l a m m a t i o n s o f t h e l a r y n x , t r a u m a t i s m , t h e p r e s s 

u r e o f g r o w i n g t u m o r s , as a n e u r i s m , g o i t r e , s a r c o m a , c a n c e r , 

l y m p h a t i c t u m o r s , t u m o r s o f t h e o e s o p h a g u s , e t c . 

T h e e x p e r i m e n t s o f B e r n a r d , B i s c h o f f , a n d W a l l e r 1 ( g i v e n 

i n s o m e d e t a i l i n p r e v i o u s p a g e s ) w i l l h e l p t o e x p l a i n h o w a 

l e s i o n , w h i c h e x c i t e s l a r y n g e a l s y m p t o m s , m a y o c c a s i o n a l l y 

b e s i t u a t e d a w a y f r o m t h e l i n e o f t h e p n e u m o g a s t r i c n e r v e , 

s i n c e t h e s p i n a l a c c e s s o r y n e r v e m a y b e t h e sea t o f i r r i t a t i o n 

o r d e g e n e r a t i o n . T h e y w i l l a l s o h e l p t o e x p l a i n w h y t h e e f 

f e c t s o f b i l a t e r a l p a r a l y s i s o f t h e r e c u r r e n t b r a n c h d o n o t 

p r o d u c e d y s p n o e a , a t t h e s a m e t i m e t h a t i t causes t h e v o i c e 

t o b e l o s t ; w h y t h e v o c a l c o r d s a r e s een t o b e c a d a v e r i c a n d 

r e l a x e d ; a n d w h y t h e a c t o f c o u g h i n g a n d t h e e x p u l s i o n o f 

l a r y n g e a l m u c u s i s n o l o n g e r p o s s i b l e . 

T h e pulmonary branches o f t h e n e r v e a r e u n q u e s t i o n a b l y 

c o n c e r n e d , t o s o m e e x t e n t , i n t h e c o n d i t i o n s a s s o c i a t e d w i t h 

b r o n c h i a l s p a s m , s i n c e a s t h m a m a y b e d e v e l o p e d b y m e n t a l 

i n f l u e n c e s a c t i n g u p o n t h e o r i g i n o f t h e v a g u s . M o r e o v e r , w e 

o f t e n see s e v e r e t y p e s o f t h i s d i sease p r o d u c e d b y t h e p r e s s 

u r e o f t h o r a c i c t u m o r s u p o n t h e p n e u m o g a s t r i c ; b y t h e i n 

h a l a t i o n o f s u b s t a n c e s p o s s e s s i n g s l i g h t i r r i t a t i v e q u a l i t i e s ; 

b y u t e r i n e i r r i t a t i o n , a c t i n g as a cause o f r e f l e x a c t i o n t h r o u g h 

t h e p n e u m o g a s t r i c n e r v e ; a n d b y f r i g h t , s h o c k , e x p o s u r e , 
1 See page 264. 
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etc . T h e s y m p t o m s o f a s t h m a a r e t o o w e l l k n o w n t o b e h e r e 

r e p e a t e d . 

W e h a v e o n e o t h e r c o n d i t i o n d e v e l o p e d as t h e e f f e c t o f 

p r e s s u r e u p o n , o r d e s t r u c t i o n o f , t h e v a g u s , v i z . , p a r a l y s i s o f 

t h e p u l m o n a r y b r a n c h e s a n d t h e c o n s e q u e n t p a r a l y t i c c o n d i 

t i o n o f t h e b l o o d - v e s s e l s o f t h e l u n g . I t i s t o t h i s c o n d i t i o n 

t h a t some a u t h o r s a t t e m p t t o r e f e r t h e s e rous i n f i l t r a t i o n 

i n t o t h e p a r e n c h y m a o f t h e l u n g w h i c h f o l l o w s s e c t i o n o f t h i s 

n e r v e ; a n d w e k n o w , c l i n i c a l l y , t h a t a s i m i l a r c o n d i t i o n i s 

s o m e t i m e s p r o d u c e d b y c o m p r e s s i o n o f t h e n e r v e b y a t u b e r 

c u l o u s o r c a n c e r o u s d e g e n e r a t i o n o f t h e l y m p h a t i c g l a n d s , 

e s p e c i a l l y t h o s e s i t u a t e d n e a r t o t h e b i f u r c a t i o n o f t h e t r a c h e a , 

a n d b y a n e u r i s m o f t h e t h o r a c i c vessels . T h e s ame c o n d i t i o n 

h a s b e e n o b s e r v e d a f t e r i n j u r i e s t o t h e o r g a n s o f t h e ches t , 

a n d f r o m t h e s e c t i o n o f s o m e o f t h e b r a n c h e s o f t h e v a g u s , 

d u r i n g a n a t t e m p t t o l i g a t e t h e s u b c l a v i a n i n i t s first p o r t i o n 

o r t h e a r t e r i a i n n o m i n a t a . 

T h e cardiac branches s eem t o e x e r t a m o r e m a r k e d e f f e c t 

u p o n t h e h e a r t w h e n e x p o s e d t o i r r i t a t i o n t h a n w h e n a c t u 

a l l y d e s t r o y e d b y d e g e n e r a t i o n o r s e c t i o n . A n a r t i f i c i a l 

" a n g i n a p e c t o r i s " m a y b e p r o d u c e d b y p r e s s u r e u p o n t h e 

v a g u s i n t h e n e c k (as p e r f o r m e d b y C z e r m a k u p o n h i m s e l f ) , 

a n d t h e h e a r t ' s a c t i o n m a y t h u s b e a l m o s t e n t i r e l y a r r e s t e d . 

I t m a y b e s t a t e d , I t h i n k , t h a t a n g i n a p e c t o r i s , s o m e t i m e s 

c a l l e d " c a r d i a c n e u r a l g i a , " 2 i s o n e o f t h o s e n e u r o s e s o f t h e 

h e a r t w h i c h d e p e n d , t o a l a r g e e x t e n t , u p o n c h a n g e s o f a 

s e c o n d a r y c h a r a c t e r i n t h e t e r m i n a l filaments o f t h e v a g u s o r 

t h e c a r d i a c g a n g l i a . 

T h e s y m p t o m s o f t h i s a f f e c t i o n a r e v e r y d i s t r e s s i n g t o t h e 

p a t i e n t , a n d o f t e n f a t a l . T h e a t t a c k u s u a l l y b e g i n s w i t h a 

sense o f e x t r e m e c o n s t r i c t i o n w i t h i n t h e ches t , w h i c h i s f o l 

l o w e d b y r a d i a t i n g p a i n s o f a v e r y i n t e n s e c h a r a c t e r , w h i c h 

1 For the different theories advanced to explain this effect, the reader is referred to 
page 250 of this volume. 

2 I prefer to limit the term " angina pectoris " to those cases only where the exciting 
causes have resulted in defective heart potver, and to apply the term " cardiac neuralgia " 
to those cases where the power of the heart is normal. This I consider to be the true 
pathological distinction. 
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s h o o t d o w n t h e a r m o r i n t o t h e n e c k . T h e p a r o x y s m s p r o 

d u c e t h e m o s t r a p i d e x h a u s t i o n , a n d a r e n o t u s u a l l y l ong -

c o n t i n u e d . T h e v a r i o u s p a t h o l o g i c a l c o n d i t i o n s f o u n d t o 

e x i s t i n t h i s a f f e c t i o n i n c l u d e a n o s s i f i e d s t a t e o f t h e c o r o 

n a r y ves se l s ( t h u s i n t e r f e r i n g w i t h t h e n u t r i t i o n o f t h e h e a r t 

w a l l s ) ; c a r d i a c h y p e r t r o p h y ( w h i c h i s u s u a l l y o f t h a t f o r m 

c a l l e d c o m p e n s a t o r y , s i n c e t h e c a v i t i e s o f t h e h e a r t a r e g e n 

e r a l l y d i l a t e d ) ; f a t t y d e g e n e r a t i o n o f t h e h e a r t ; v a l v u l a r 

l e s i o n s ( w i t h t h e i r s e c o n d a r y c h a n g e s i n t h e s ize o f t h e c a v i 

t i e s ) ; a n d a n e u r i s m w i t h i n t h e p e r i c a r d i a l sac. 

T h e gastric branches o f t h e v a g u s a r e a s s o c i a t e d w i t h t h e 

c o n d i t i o n s o f g a s t r o d y n i a ( c a r d i a l g i a ) , b o u l i m i a , p o l y d i p s i a , 

n e r v o u s v o m i t i n g , a n d d i s o r d e r s o f t h e s e c r e t o r y f o l l i c l e s o f 

t h e o r g a n , as w e l l as i t s p o w e r o f a b s o r p t i o n . G a s t r o d y n i a i s 

a p a r o x y s m a l a t t a c k o f n e u r a l g i a o f t h e s e n s o r y fibers o f t h e 

s t o m a c h . I t p r o d u c e s p a i n o f t h e m o s t i n t e n s e c h a r a c t e r , 

w h i c h o f t e n c o m p e l s t h e s t r o n g e s t s u b j e c t s t o w r i t h e i n 

a g o n y , a n d t o b e c o m e b a t h e d i n a p r o f u s e p e r s p i r a t i o n , i r r e 

s p e c t i v e o f t h e t e m p e r a t u r e o f t h e a t m o s p h e r e . T h e f a c e 

b e c o m e s b l o o d l e s s , t h e l i m b s c o l d , t h e a b d o m e n r e t r a c t e d , a n d 

t h e p u l s e s m a l l a n d i r r e g u l a r . T h e a t t a c k s a r e u s u a l l y o f 

s h o r t d u r a t i o n , a n d a r e m o s t f r e q u e n t l y t e r m i n a t e d b y e r u c 

t a t i o n s a n d v o m i t i n g . T h i s d i sease i s m e t w i t h i n h y s t e r i c a l 

a n d a n a e m i c s u b j e c t s , i n t h e c o u r s e o f d i seases o f t h e u t e r u s 

a n d o v a r i e s , i n s p i n a l a n d c e r e b r a l a f f e c t i o n s , a n d i n c e r t a i n 

d y s c r a s i a e . 

A n a b n o r m a l c o n d i t i o n o f h u n g e r , w h i c h i s a p p e a s e d b y 

s m a l l q u a n t i t i e s o f f o o d , b u t w h i c h r e t u r n s a t f r e q u e n t i n t e r 

v a l s w i t h a n u n c o n t r o l l a b l e d e s i r e , o f t e n i n t e r r u p t i n g t h e 

h o u r s o f s l e ep , i s p r o d u c e d b y s o m e d i s o r d e r e d c o n d i t i o n 

o f t h e v a g u s , a n d i s c a l l e d "boulimia.'''' T h i s a f f e c t i o n i s 

m e t w i t h i n h y s t e r i c a l p a t i e n t s , a f t e r p r o l o n g e d f e v e r s , i n 

s e v e r e f o r m s o f n e r v o u s d e b i l i t y , i n s y p h i l i s , i n s a n i t y , a n d 

d i a b e t e s . 

B y "polydipsia" w e m e a n a n i n t o l e r a b l e t h i r s t , d e p e n d 

e n t u p o n a n h y p e r a e s t h e s i a o f t h e n e r v e fibers o f t h e m u c o u s 

m e m b r a n e o f t h e s t o m a c h , p h a r y n x , a n d m o u t h , a n d p r o b -
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a b l y d u e t o s o m e a b n o r m a l s t a t e o f t h e p n e u m o g a s t r i c n e r v e . 

I t i s o f t e n a n assoc ia te s y m p t o m w i t h b o u l i m i a , a n d i s p r o 

d u c e d b y t h e s ame g e n e r a l causes. 

T h e s t a t e o f "polyphagia" s i g n i f i e s a d e s i r e f o r e x c e s s i v e 

q u a n t i t i e s o f f o o d . I t i s s u p p o s e d t o e x i s t w h e n t h e n e r v e 

fibers o f t h e v a g u s d i s t r i b u t e d t o t h e s t o m a c h a r e i n a s t a t e o f 

anaesthesia , i n c o n t r a s t t o t h e c o n d i t i o n p r o d u c i n g t h e t w o 

p r e v i o u s diseases . I t h a s b e e n f o u n d t o a c c o m p a n y s o f t e n 

i n g o f t h e m e d u l l a o b l o n g a t a , c o m p r e s s i o n o f t h e r o o t s o f t h e 

v a g u s b y a n a n e u r i s m a l t u m o r o f t h e v e r t e b r a l a r t e r y , a t r o p h y 

o f t h e v a g i , n e u r o m a t a o f t h e v a g i , a n d t h e m o r b i d s ta tes o f 

e p i l e p s y , i n s a n i t y , a n d h y s t e r i a . 

T h e nervous vomiting w h i c h i s c l i n i c a l l y o b s e r v e d i n c o n 

n e c t i o n w i t h p r e g n a n c y , c h l o r o s i s , h y s t e r i a , d i g e s t i v e d i s t u r b 

ances, a n d g a s t r o d y n i a , i s n o t t o b e c o n f o u n d e d w i t h t h a t o f 

l o c a l d iseases o f t h e s t o m a c h o r o f t h e a l i m e n t a r y c a n a l , s i n c e 

t h e s y m p t o m d e p e n d s , p u r e l y a n d e x c l u s i v e l y , u p o n s o m e ab 

n o r m a l c o n d i t i o n o f t h e n e r v e s , r a t h e r t h a n u p o n p a t h o l o g i c a l 

c h a n g e s i n t h e s t o m a c h o r i n t e s t i n e . 

T r u e p a r a l y s i s o f t h e g a s t r i c b r a n c h e s o f t h e v a g u s m u s t , 

o f n e c e s s i t y , a r r e s t t h e p e r i s t a l t i c m o v e m e n t o f t h a t o r g a n , 

a n d t h u s t e n d t o f a v o r t h e r e t e n t i o n o f f o o d w i t h i n i t s c a v i t y . 

T h i s m a y b e t h e e x p l a n a t i o n o f t h e e n o r m o u s e n l a r g e m e n t o f 

t h e s t o m a c h f o u n d a f t e r c h r o n i c i n f l a m m a t o r y p rocesses o f 

t h a t o r g a n , a n d a l so as a s e q u e l t o c h o l e r a , t y p h o i d f e v e r , 

a n d s o m e o t h e r b l o o d p o i s o n s . T h e s t o m a c h b e c o m e s e n 

l a r g e d i n t he se c o n d i t i o n s m a i n l y b y t h e w e i g h t o f t h e 

r e t a i n e d f o o d a n d t h e p r e s s u r e o f t h e gases f o r m e d b y i t s 

d e c o m p o s i t i o n . 

T h e intestinal a n d hepatic branches o f t h e v a g u s a r e n o t 

w e l l u n d e r s t o o d i n t h e i r c l i n i c a l p h e n o m e n a , b u t t h e e f f e c t s 

o f s e c t i o n o f t h e p n e u m o g a s t r i c s eem t o p o i n t t o s o m e c o n 

t r o l l i n g i n f l u e n c e o f these fibers o v e r t h e g l y c o g e n i c f u n c t i o n 

o f t h e l i v e r a n d t h e s e c r e t i o n o f t h e i n t e s t i n a l j u i c e s . T h e 

e f f e c t o f d iseases o f t h e p e r i t o n a e u m , o r o f t h e a b d o m i n a l 

v i s c e r a , u p o n t h e h e a r t a n d r e s p i r a t i o n , i s t o b e e x p l a i n e d 

e i t h e r as t h e d i r e c t r e s u l t o f i r r i t a t i o n o f t he se fibers, o r as a 
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r e f l e x ae t t h r o u g h t h e s y m p a t h e t i c n e r v e u p o n t h e c a r d i a c 

a n d r e s p i r a t o r y c e n t e r s , t h u s i n t u r n a f f e c t i n g t h e h e a r t a n d 

l u n g s t h r o u g h t h e v a g u s . 

THE SPINAL ACCESSORY, OR ELEVENTH CRANIAL NERVE. 

This nerve has a very extensive origin, since it derives its 

f i b e r s n o t o n l y f r o m t h e m e d u l l a o b l o n g a t a , b u t a l s o f r o m t h e 

c e r v i c a l p o r t i o n o f t h e s p i n a l c o r d . T h e f i b e r s w h i c h a r i s e 

f r o m t h e m e d u l l a c o m p o s e w h a t i s c a l l e d t h e "bulbar por

tion "m c o n t r a s t t o t h o s e w h i c h a r i s e f r o m t h e c e r v i c a l r e g i o n 

o f t h e s p i n a l c o r d , t o w h i c h t h e n a m e o f " spinal portion" i s 

s o m e t i m e s g i v e n . S u c h a d i s t i n c t i o n h a s a n i m p o r t a n c e , d i s 

t i n c t f r o m m e r e l y i n d i c a t i n g t h e p o i n t o f o r i g i n o f t h e f i b e r s 

c o m p o s i n g t h e t w o p o r t i o n s o f t h e n e r v e , as t h e functions o f 

t h e t w o a r e d i f f e r e n t . 

I f w e t r a c e t h e f i l a m e n t s o f o r i g i n o f t h e b u l b a r p o r t i o n o f 

t h e n e r v e , w e c a n p e r c e i v e t h a t t h e f i b e r s a r i s e f r o m t h e lat

eral columns o f t h e m e d u l l a o b l o n g a t a ( i t s m o t o r t r a c t ) a n d 

e scape f r o m i t s l o w e r p o r t i o n , b e n e a t h t h e f i b e r s o f t h e p n e u 

m o g a s t r i c n e r v e . T h e s p i n a l p o r t i o n o f t h e n e r v e c a n b e 

t r a c e d b e t w e e n t h e a n t e r i o r a n d t h e p o s t e r i o r r o o t s o f t h e 

f i r s t f i v e c e r v i c a l n e r v e s , a r i s i n g f r o m b e t w e e n t h e r o o t s o f 

e a c h n e r v e b y a pair o f f i l a m e n t s , w i t h t h e e x c e p t i o n o f t h e 

l a s t t w o , w h e r e t h e f i l a m e n t g o i n g t o f o r m t h e s p i n a l a c c e s s o r y 

n e r v e i s u s u a l l y a s i n g l e o n e . T h e s e s e v e r a l f i b e r s u n i t e as 

t h e n e r v e passes u p w a r d t o w a r d t h e c r a n i u m , t h u s c a u s i n g 

t h e s p i n a l p o r t i o n o f t h e n e r v e t o g r a d u a l l y i n c r e a s e i n s ize . 

I n t h e c r a n i u m , t h e t w o p a r t s j o i n t o f o r m o n e n e r v e , w h i c h 

t h e n e s c a p e s f r o m the . jugularforamen, i n c o m p a n y w i t h t h e 

p n e u m o g a s t r i c a n d g l o s s o - p h a r y n g e a l n e r v e s a n d t h e j u g u l a r 

v e i n . T h e i n f e r i o r m e n i n g e a l a r t e r y e n t e r s t h e c a v i t y o f t h e 

c r a n i u m t h r o u g h t h i s f o r a m e n , a n d t h e r e f o r e b e a r s a r e l a t i o n 

t o t h e n e r v e s a n d v e i n . 

T h e s p i n a l a c c e s s o r y n e r v e r e c e i v e s f i l a m e n t s o f c o m m u n i 

c a t i o n w i t h o t h e r n e r v e s , e v e n b e f o r e i t e scapes f r o m t h e 

c a v i t y o f t h e c r a n i u m , s i n c e t h e s p i n a l p o r t i o n , o n i t s w a y 
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u p w a r d t o u n i t e w i t h t h e b u l b a r p o r t i o n , i s j o i n e d b y fila

m e n t s d e r i v e d f r o m t h e t w o u p p e r c e r v i c a l n e r v e s w h i l e i n 

the spinal canal. 

A f t e r t h e n e r v e h a s e m e r g e d f r o m t h e j u g u l a r f o r a m e n , i t 

g i v e s o f f a l a r g e b r a n c h t o t h e p n e u m o g a s t r i c n e r v e , a n d occa

s i o n a l l y r ece ives a filament f r o m t h e p n e u m o g a s t r i c i n r e t u r n ; 

FIG. 94.—Spinal accessory nerve. (Hirschfeld.) 
1, trunk of the facial nerve ; 2, 2, glosso-pharyngeal nerve; 3, 3, pneumogastric; 4, 4, 4, 

trunk of the spinal accessory ; 5, sublingual nerve ; 6, superior cervical ganglion ; 
7, 7, anastomosis of the first two cervical nerves ; 8, carotid branch of the sympa
thetic; 9, 10, 11, 12, 13, branches of the glosso-pharyngeal; 14, 15, branches of the 
facial; 16, otic ganglion; 17, auricular branch of the pneumogastric; 18, anasto
mosing branch from the spinal accessory to the pneumogastric ; 19, anastomosis of the 
first pair of cervical nerves with the sublingual; »20, anastomosis of the spinal acces
sory with the second pair of cervical nerves ; 21, pharyngeal plexus ; 22, superior 
laryngeal nerve; 23, external laryngeal nerve; 24, middle cervical ganglion. 

while, in its course down the neck, it receives filaments of 

communication from the second, third, and fourth cervical 

nerves, in case these nerves do not communicate with the 

spinal portion within the spinal canal. 

After the nerve has sent its upper filament to the pneumo-
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g a s t r i c , a t t h e j u g u l a r f o r a m e n , i t m a y u s u a l l y b e p e r c e i v e d 

t o d i v i d e i n t o t w o b r a n c h e s — a n i n t e r n a l a n d a n e x t e r n a l ; t h e 

f o r m e r o f w h i c h a n a s t o m o s e s d i r e c t l y w i t h t h e t r u n k o f t h e 

p n e u m o g a s t r i c n e r v e , w h i l e t h e l a t t e r , c a l l e d t h e " m u s c u l a r 

b r a n c h , " p i e r c e s t h e b a c k p a r t o f t h e u p p e r t h i r d o f t h e s t e r n o -

m a s t o i d m u s c l e , a n d t e r m i n a t e s o n t h e a n t e r i o r s u r f a c e o f t h e 

t r a p e z i u s . T h e first, s o m e t i m e s c a l l e d t h e " a n a s t o m o t i c 

FIG. 95.—Posterior view of the muscles of FIG. 96.—Lateral view of the muscles of 
the larynx. (Sappey.) the larynx. (Sappey.) 

FIG. 95.—1, posterior crico-arytenoid muscle ; 2, 3, 4, different fasciculi of the arytenoid 
muscle; 5, aryteno-epiglottidean muscle. 

FIG. 9G.—1, body of the hyoid bone; 2, vertical section of the thyroid cartilage ; 3, hori
zontal section of the thyroid cartilage turned downward to show the deep attach
ment of the crico-thyroid muscle ; 4, facet of articulation of the small cornu of the 
thyroid cartilage with the cricoid cartilage; 5, facet on the cricoid cartilage; 6, 
superior attachment of the crico-thyroid muscle; 7, posterior crico-arytenoid mus
cle; 8, 10, arytenoid muscle; 9, thyro-arytenoid muscle; 11, aryteno-epiglottidean 
muscle; 12, middle thyro-hyoid ligament; 13, lateral thyro-hyoid ligament. 

branch,'' is now known to be the nerve which supplies the 

muscles of the larynx, with the exception of the crico-thy

roid muscle,1 since physiological experiment confirms this 

distribution. 

1 The arytenoid muscle of the larynx is supplied by both the superior and recurrent 
laryngeal nerves, the latter of which carry most of the spinal accessory fibers, as is 
shown in Fig. 91 of this volume. I t is also important to remember that the investiga-

19 
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T h e s e c o n d b r a n c h c o m m u n i c a t e s w i t h t h e s e c o n d a n d 

t h i r d c e r v i c a l n e r v e s , b e f o r e i t p i e r c e s t h e s t e r n o - m a s t o i d 

m u s c l e , a n d i t s f i l a m e n t s u n d o u b t e d l y f u r n i s h motor power 

t o t h a t m u s c l e a n d a l so t o t h e t r a p e z i u s . I t i s p r o v e n b y e x -

Fm. 97.—A diagram of the spinal accessory nerve. 
1, the accessory portion of the nerve arising from the medulla oblongata; 2, the spinal 

portion of the nerve arising from the spinal cord (cervical region); 3, a filament 
arising from the first and second, cervical nerves and joining the spinal portion of the 
spinal accessory nerve, before passing through the foramen magnum; 4, the fora
men magnum, showing the spinal portion of the nerve entering the cranium; 5, the 
jugular foramen, showing the spinal and accessory portions of the nerve communi
cating as they pass through i t ; 6, the large filament going to the pneumogastric to 
supply the muscles of the larynx, and the small filament returning to the trunk of the 
spinal accessory nerve ; 7, S, 9, filaments of communication between the spinal 
accessory nerve and the third, fourth, and fifth ceiwical nerves ; 10, muscular branches 
to the sterno-clcido-mastoid muscle; 11, muscular branches to the trapezius muscle; 
12, communicating filaments from the cervical plexus of nerves. 

periment, however, that section of the spinal accessory nerve 

does not produce total paralysis of these muscles ; and, from 

tions of Bernard and Bischoff have demonstrated the existence of other motor fibers to 
the larynx, irrespective of those of the spinal accessory, which seem to control the auto-
matic respiratory movements of the glottis. 
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t h i s f a c t , i t i s c o n c l u s i v e l y p r o v e d t h a t s o m e o t h e r s o u r c e s o f 

n e r v e s u p p l y t o t h e s e m u s c l e s e x i s t , b e s i d e s t h e s p i n a l acces

s o r y f i l a m e n t s . 

A TABLE OF THE BRANCHES OF THE SPINAL ACCESSORY NERVE.1 

THK SPINAL AC 
CESSOUY, or <; 
11TH CRANI
AL NERVE. 

ACCESSORY or.BULBAR 
PORTION (by means -\ 
of the sheath of the 
pneumogastric nerve). 

SPINAL PORTION. <J 

Branches to the pharyngeal plexus. 
Branches to the superior laryngeal nerve (and 

thus to the depressor nerve of the heart), 
Brandies to the recurrent laryngced nerve (thus 

supplying the muscles of phonation). 
f Branch to the sterno-mastoid muscle, 
j Branch to the trapezius muscle. 

[ 1st cervical nerve, 
COMMUNICATING j 2d ccrvical nerve, 

BRANCHES TO j 3d cervical nerve, 
[ 4 th cervical nerve. 

FUNCTIONS OF THE SPINAL ACCESSORY NERVE AND THE EFFECTS OF 
SECTION. 

T h e e x x o e r i m e n t s o f B e r n a r d , t o w h o s e i n g e n u i t y m u c h o f 

o u r p r e s e n t k n o w l e d g e o f t h e f u n c t i o n o f t h e b u l b a r a n d s p i 

n a l p o r t i o n s o f t h i s n e r v e i s d u e , s e e m 

t o w a r r a n t t h e c o n c l u s i o n t h a t t h e b u l 

b a r o r m e d u l l a r y p a r t o f t h e n e r v e p o s 

sesses a d i r e c t c o n t r o l u p o n t h e mus

cles of the pharynx and larynx, b u t 

n o e f f e c t w h a t e v e r u p o n t h e s t e r n o -

m a s t o i d a n d t r a p e z i u s m u s c l e s . G a l 

v a n i s m o f t h e s p i n a l p o r t i o n o f t h e 

n e r v e seems t o h a v e a d i r e c t l y o p p o 

s i t e e f f e c t , s i n c e t h e m u s c l e s o f t h e 

p h a r y n x a n d l a r y n x w e r e u n a f f e c t e d , 

a n d t h e t w o m u s c l e s o f t h e n e c k t o 

w h i c h t h e n e r v e i s d i s t r i b u t e d w e r e 

t h r o w n i n t o m o v e m e n t . I t a l s o a p 

p e a r s f r o m t h e r e s u l t s o f t h i s g r e a t 

e x p e r i m e n t e r t h a t t h e n e r v e i s essen

t i a l l y motor in its function a t i t s o r i 

g i n f r o m t h e m e d u l l a a n d s p i n a l c o r d , b u t t h a t i t g a i n s sen

s o r y f i b e r s a f t e r i t l e a v e s t h e c a v i t y o f t h e c r a n i u m , b y m e a n s 

1 Modified from a table in the " Essentials of Anatomy " (Darling and Ranney). Put
nam's Sons, Xew York, 1 SSi >. 

FIG. 98.— Glottis seen icith the la
ryngoscope during the emis
sion of high-pitched sounels. 
(Le Bon.) 

1, 2, base of the tongue; 3, 4, 
epiglottis; 5, 6, pharynx; 7, 
arytenoid cartilages ; 8, open
ing between the true vocal 
cords; 9, aryteno-epiglotti
dean folds; 10, cartilage of 
Santorini; 11, cuneiform car
tilage; 12, superior vocal 
cords ; 13, inferior vocal 
cords. . 
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o f c e r t a i n filaments o f c o m m u n i c a t i o n d e r i v e d f r o m t h e cer

v i c a l n e r v e s a n d t h e p n e u m o g a s t r i c . T h i s f a c t p r o b a b l y e x 

p l a i n s w h y t w o p o i n t s o f c o m m u n i c a t i o n s h o u l d e x i s t be 

t w e e n t h e s p i n a l a cce s so ry a n d t h e p n e u m o g a s t r i c n e r v e s ; 

s ince , a t o n e p o i n t , t h e s e n s o r y filaments o f t h e p n e u m o g a s 

t r i c w e r e g i v e n t o t h e s p i n a l accesso ry , w h i l e , a t t h e o t h e r 

p o i n t , t h e m o t o r filaments o f t h e s p i n a l a cce s so ry w e r e s en t t o 

t h e p n e u m o g a s t r i c s h e a t h f o r p r o t e c t i o n , u n t i l t h e y c o u l d b e 

d i s t r i b u t e d t o t h e m u s c l e s o f t h e l a r y n x . 

B e r n a r d a n d B i s c h o f f h a v e p r o b a b l y d o n e m o r e t o c l e a r u p 

t h e d i s p u t e d r e l a t i o n o f t h e s p i n a l a c c e s s o r y n e r v e t o t h e m u s 

cles o f t h e l a r y n x , a n d t h u s t o t h e ac t s o f p h o n a t i o n a n d res

p i r a t i o n , 1 t h a n a n y o f t h e l a t e r i n v e s t i g a t o r s u p o n t h e p h y s i 

o l o g y o f t h e n e r v o u s s y s t e m . W h e n t h e s p i n a l a c c e s s o r y n e r v e 

i s d r a w n o u t f r o m t h e m e d u l l a a n d s p i n a l c o r d o f a n a n i m a l , 

as c a n be d o n e w i t h l i t t l e i f a n y i n j u r y t o t h e n e r v e , i f t h e 

r e q u i s i t e ca re a n d s k i l l be e m p l o y e d , t h e e f f e c t i s a t o n c e 

manifested in the voice, w h i c h b e c o m e s h o a r s e a n d u n n a t u r a l , 

w h e n t h e n e r v e o f one s i d e o n l y i s e x t r a c t e d , b u t e n t i r e l y 

e x t i n c t w h e n b o t h n e r v e s a re t h u s t r e a t e d . T h e act of deglu

tition i s a l so s o m e w h a t a f f e c t e d , a n d t h e t r a p e z i u s a n d s t e r n o -

m a s t o i d m u s c l e s a re p a r a l y z e d , b u t o n l y t o a p a r t i a l e x t e n t . 

A n i n t e r e s t i n g r e l a t i o n o f t h e s p i n a l a c c e s s o r y n e r v e t o 

t h e action of the heart seems t o be w e l l s h o w n b y t h e e x p e r i 

m e n t s o f W a l l e r , w h o first c a l l e d t h e a t t e n t i o n o f t h e p r o f e s 

s i o n t o t h e f a c t t h a t e x t i r p a t i o n o f t h e r o o t s o f t h e s p i n a l 

a c c e s s o r y n e r v e p r o d u c e d a m o d i f i c a t i o n i n t h e e f f e c t s o f g a l 

v a n i s m o f t h e t r u n k o f t h e p n e u m o g a s t r i c n e r v e , p r o v i d e d 

t h a t s u f f i c i e n t t i m e ( some t w o w e e k s ) w a s a l l o w e d a f t e r t h e 

o p e r a t i o n f o r t h e i r r i t a t i o n so p r o d u c e d t o s u b s i d e . A s h a s 

b e e n m e n t i o n e d i n t h e p r e v i o u s l e c t u r e u p o n t h e p n e u m o g a s 

t r i c n e r v e , 2 g a l v a n i s m o f t h a t n e r v e w i t h a p o w e r f u l c u r r e n t 

w i l l a r r e s t t h e a c t i o n o f t h e h e a r t i n a s t a t e o f h e a l t h , e v e n i f 

1 The nerves concerned in the two acts of phonation and respiration are not to be 
confounded, since it is probable that the pneumogastric nerve sends filaments of a motor 
character to the larynx, which are independent of the spinal accessory nerve, and which 
probably preside over the respirator)/ movements of the glottis, while the spinal accessory 
nerve controls phonation. 2 g o c p a , , c 230 0 f this volume. 
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a p p l i e d o n o n e s i d e o f t h e b o d y N o w , W a l l e r f o u n d t h a t 

a f t e r t h e s p i n a l a c c e s s o r y n e r v e o f o n e s i d e h a d b e e n d r a w n 

o u t , a n d t h e a n i m a l a l l o w e d t o r e c o v e r t h e s h o c k o f t h e o p e r a 

t i o n , a n d t o w a i t s o m e d a y s f o r a l l s i g n s o f i r r i t a t i o n t o s u b 

s i d e , g a l v a n i s m o f t h e p n e u m o g a s t r i c n e r v e o f t h e s a m e s i d e 

n o l o n g e r s e e m e d t o a f f e c t t h e a c t i o n o f t h e h e a r t . T h e de-

FIG. 99.— The spinal accessory nerve. (Sappey.) 
1, large root of the f i f th nerve ; 2, ganglion of Gasser ; 3, ophthalmic division of the fif th ; 

4, superior maxillary division; 5, inferior maxillary division ; 6, 10, lingual branch 
of the .fifth, containing (he filaments of the chorda tympani; 7, branch from the sub
lingual to the lingual branch of the fifth ; 8, chorda tympani ; 9, inferior dental 
nerve; 10, terminal branches of the gustatory nerve ; 11, submaxillary ganglion ; 12, 
mylo-hyoid branch of the inferior dental nerve; 13, anteiior belly of the digastric 
muscle; 14, section of the mylo-hyoid muscle; 15, 18, glosso-pharyngeal nerve; 16, 
ganglion of Andersch; 17, branches from the glosso-pharyngeal to the stylo-glossus 
'and the stylo-pharyngcus muscles; 19, 19, pneumogastric; 20, 21, ganglia of the 
pneumogastric; 22, 22, superior laryngeal nerve; 23, spincd accessory ; 24, 25, 26, 
27, 28, sublingual nerve and branches. 

pressor nerve of tlie 7ieart, which arises from both the supe

rior laryngeal and pneumogastric nerves, since it has two 

heads, must, therefore, be in some way connected with the 
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s p i n a l a cce s so ry n e r v e . I t m a y , t h e r e f o r e , b e s t a t e d w i t h as 

m n c h p o s i t i v e n e s s as a n y p h y s i o l o g i c a l p o i n t c a n b e l a i d 

d o w n , t h a t t h e c o m m u n i c a t i n g filament g i v e n o f f b y t h e s p i 

n a l a cces so ry n e r v e t o t h e p n e u m o g a s t r i c c o n t r o l s t h e h e a r t 

fibers as w e l l as t h e m u s c l e s o f p h o n a t i o n . 

T h e d i s t r i b u t i o n o f t h e s p i n a l a c c e s s o r y n e r v e t o o n l y t w o 

o f t h e m u s c l e s o f t h e n e c k — t h e sterno-mastoid a n d t h e tra

pezius—would n a t u r a l l y sugges t , t o t h e i n q u i r i n g m i n d , w h y 

these m u s c l e s s h o u l d h a v e b e e n s i n g l e d o u t as p a r t i c u l a r l y 

a s s o c i a t e d w i t h t h i s n e r v e . T h r o u g h o u t t h i s e n t i r e c o u r s e o f 

l e c t u r e s I h a v e f r e q u e n t l y c a l l e d y o u r a t t e n t i o n t o t h e f a c t , 

w h i c h c a n n o t b e t o o o f t e n r e p e a t e d , t h a t t h e d i s t r i b u t i o n o f 

n e r v e s t o m u s c l e s a l w a y s d e n o t e s a purpose o n t h e p a r t o f 

N a t u r e , a n d a similarity of function i n t h e m u s c l e s s u p p l i e d 

b y t h e s ame n e r v e , i f w e w i l l b u t s e a r c h f o r i t . N o w , w e 

h a v e a l r e a d y seen t h a t t h e s p i n a l a c c e s s o r y n e r v e i s c h i e f l y 

d e s t i n e d t o c o n t r o l t h e muscles of phonation, s i nce o t h e r 

n e r v e f i b e r s g o t o t h e l a r y n x , w h i c h ass i s t i n m o v i n g t h e v o c a l 

c o r d s d u r i n g t h e o p e n i n g o f t h e g l o t t i s , p r e v i o u s t o e a c h i n 

s p i r a t o r y a c t ; t h e r e f o r e , t h e s p i n a l a c c e s s o r y n e r v e c a n n o t 

be s a i d t o b e d i r e c t l y c o n c e r n e d w i t h t h e r e s p i r a t o r y f u n c 

t i o n . I f w e w i l l s t u d y t h e a t t i t u d e a s s u m e d b y a v o c a l i s t i n 

t h e act of singing ( a n d i t i s i n t h e s i n g i n g ac t , r a t h e r t h a n 

t h a t o f t a l k i n g , t h a t w e see t h e m e c h a n i s m o f p h o n a t i o n b e s t 

d i s p l a y e d , s i n c e i t r e q u i r e s m o r e o f a m u s c u l a r e f f o r t t h a n 

t h e s i m p l e a r t i c u l a t i o n o f w o r d s ) , w e s h a l l p e r c e i v e t h a t t h e 

s t e r n o - m a s t o i d a n d t h e t r a p e z i u s m u s c l e s a r e i m p o r t a n t f a c 

t o r s in the production of voice, as t h e y t e n d t o fix t h e s h o u l 

d e r s ( t h a t i s , t h e scapula? a n d t h e c l a v i c l e s ) a n d a l s o t h e 

u p p e r p a r t o f t h e s t e r n u m . I n a l l v o c a l e f f o r t s , t h e first a c t 

n e c e s s a r y t o i t s p e r f o r m a n c e i s a f u l l i n s p i r a t o r y e f f o r t , w h i c h 

c a n o n l y b e p e r f o r m e d b y first c a l l i n g i n t o p l a y t h o s e m u s c l e s 

w h i c h r e n d e r t h e u p p e r p o r t i o n o f t h e c h e s t a n d t h e b o n e s o f 

t h e s h o u l d e r i m m o v a b l e , so as t o h a v e a fixed point f r o m 

w h i c h t h e t r u e i n s p i r a t o r y m u s c l e s c a n a c t u p o n t h e r i b s a n d 

t h e i r c a r t i l a g e s ; a n d i t c a n , t h e r e f o r e , b e u n d e r s t o o d w h y 

t he se m u s c l e s s h o u l d p r o p e r l y b e p l a c e d u n d e r t h e c o n t r o l o f 
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that nerve which also controls the muscles which regulate 

t h e p o s i t i o n a n d t e n s i o n o f t h e v o c a l c o r d s d u r i n g t h e e x p i r a 

t o r y e f f o r t , a n d t h u s causes t h e p r o p e r v i b r a t i o n s o f t h e s e 

c o r d s , a n d r e g u l a t e s t h e n o t e w h i c h f o l l o w s . 

I n a n i m a l s , w h e r e t h e m u s c u l a r b r a n c h o f t h e s p i n a l acces

s o r y n e r v e h a s b e e n s e v e r e d , a d i f f i c u l t y i n p r o g r e s s i o n h a s 

b e e n o b s e r v e d b y B e r n a r d , a n d a p e c u l i a r shortness of breath 

a f t e r v i o l e n t e x e r c i s e . T h e d i f f i c u l t y i n l o c o m o t i o n i s n o t 

p r e s e n t i n m a n , o n a c c o u n t o f c e r t a i n a n a t o m i c a l p e c u l i a r i t i e s 

w h i c h r e n d e r t h e a r m u n n e c e s s a r y f o r p r o g r e s s i v e m o t i o n , 

w h i c h i s n o t t h e case w i t h q u a d r u p e d s ; b u t t h e s h o r t n e s s o f 

b r e a t h w h i c h h a s b e e n o b s e r v e d w o u l d p r o b a b l y e x i s t i n a 

m a n a f t e r v i o l e n t e x e r c i s e , o r w h e n a n y d e m a n d f o r a n e x c e s 

s i v e l y f u l l i n s p i r a t o r y e f f o r t o c c u r r e d , i f t h e t r a p e z i u s o r t h e 

s t e r n o - m a s t o i d m u s c l e s w e r e p a r a l y z e d . 

A t h e o r y a d v a n c e d b y H i l t o n , 1 as e x p l a n a t o r y o f t h e p e 

c u l i a r i t y o f t h e c o u r s e o f t h e s p i n a l a c c e s s o r y n e r v e , d e s e r v e s 

m e n t i o n , s i n c e i t t e n d s p o s s i b l y t o e x p l a i n n o t o n l y t h e i r r e g 

u l a r c o u r s e o f t h e n e r v e , b u t a l s o t h e o b j e c t o f t h e communi

cation o f t h e sub-occipital w i t h the spinal accessory nerves 

w i t h i n t h e s p i n a l c a n a l . A c c o r d i n g t o t h i s a u t h o r , t h e s p i 

n a l p o r t i o n o f t h i s n e r v e b e c o m e s j o i n e d t o t h e s u b - o c c i p i 

t a l b e f o r e i t e n t e r s t h e c r a n i u m , a n d , s i n c e t h a t n e r v e i s 

a l m o s t e x c l u s i v e l y a m o t o r n e r v e , w h a t o b j e c t c o u l d t h e 

s p i n a l a c c e s s o r y , w h i c h i s i t s e l f a m o t o r n e r v e , h a v e i n s e n d 

i n g a d d i t i o n a l filaments t o t h e s u b - o c c i p i t a l , u n l e s s i t w a s f o r 

t h e p u r p o s e o f s e n d i n g fibers t o t h e i n f e r i o r o b l i q u e , t h e t w o 

p o s t e r i o r r e c t i , a n d t h e c o m p l e x u s m u s c l e s o f t h e n e c k I 

N o w , w h e n a m o t o r i m p u l s e i s s e n t o u t b y m e a n s o f t h e 

s p i n a l a c c e s s o r y n e r v e , t h e e f f e c t s r e a c h t h o s e m u s c l e s first 

w h i c h a r e n e a r e s t t o i t s p l a c e o f o r i g i n ; h e n c e , t h e m u s c l e s 

o f t h e s u b - o c c i p i t a l r e g i o n a r e c a u s e d t o c o n t r a c t b e f o r e t h e 

t r a p e z i u s o r t h e s t e r n o - m a s t o i d m u s c l e s , a n d , b y so d o i n g , t h e 

h e a d i s d r a w n b a c k w a r d b e f o r e t h e l a t t e r m u s c l e s ac t , t h u s 

g r e a t l y a s s i s t i n g t h e m t o r a i s e t h e t h o r a x , as w e l l as i n r e n 

d e r i n g t h e h e a d a fixed p o i n t d u r i n g t h e i n s p i r a t o r y a c t . 

1 "Rest and Pain," London, 1S72. 
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L i k e a l l m o t o r ne rves , t h e s p i n a l a cce s so ry m a y e x h i b i t 

t h e c o n d i t i o n o f s p a s m o r p a r a l y s i s i n t h e p a r t s s u p p l i e d b y 

i t ; i f s u b j e c t e d t o s o m e s o u r c e o f i r r i t a t i o n , as i n t h e first i n 

s tance , o r t o s o m e l e s i o n w h i c h d e s t r o y s i t s p o w e r o f c o n 

d u c t i o n , as i n t h e l a t t e r . T h e s p a s m d e p e n d e n t u p o n i r r i t a 

t i o n o f t h i s s p e c i a l n e r v e seems t o b e c o n f i n e d e x c l u s i v e l y t o 

t h e s t e r n o - m a s t o i d a n d t r a p e z i u s m u s c l e s . T h e y m a y b e u n i - 0 

l a t e r a l o r b i l a t e r a l , a n d t h e m u s c u l a r c o n t r a c t i o n s m a y b e 

e i t h e r o f t h e t o n i c o r c l o n i c v a r i e t y 

B o t h o f t h e s e t y p e s o f s p a s m a re m e t w i t h i n c o n n e c t i o n 

w i t h r e f l e x i r r i t a t i o n o r i g i n a t i n g i n s o m e o f t h e r e m o t e v i s 

ce r a ; h e n c e t h e y a re n o t i n f r e q u e n t i n severe t y p e s o f h y s t e r i 

c a l a f f e c t i o n s . T h e y m a y a l so be p r o d u c e d b y diseases a f f e c t 

i n g t h e u p p e r c e r v i c a l ver tebra? , b y c e r t a i n f o r c e d m o v e m e n t s 

o f t h e h e a d , b y e x p o s u r e t o c o l d a n d w e t , a n d b y l o c a l d i s 

eases o f t h e b r a i n a n d s p i n a l c o r d . W h e n w e c o n s i d e r t h e 

i n t i m a t e c o n n e c t i o n w h i c h t h i s n e r v e has w i t h t h e s p i n a l c o r d , 

as w e l l as t h e m e d u l l a o b l o n g a t a a n d b r a i n , w e c a n b e t t e r 

a p p r e c i a t e t h e d i f f i c u l t y w h i c h o f t e n a r i ses i n l o c a t i n g t h e 

e x a c t seat o f t h e i r r i t a t i o n w h i c h i s p r o d u c i n g t h e s e s p a s m o d i c 

m o v e m e n t s . T h e r e a re r e p o r t e d cases t o p r o v e t h a t t u m o r s 

o f t h e b r a i n o r s p i n a l c o r d , s o f t e n i n g o f e i t h e r o f t hese r e 

g i o n s , m e n i n g e a l i n f l a m m a t i o n o f t h e b r a i n o r c o r d , i n j u r i e s 

t o t h e s k u l l o r u p p e r c e r v i c a l ve r tebrae , a n d ca r i es , p e r i o s t i t i s , 

a n d t u m o r s o f t h e u p p e r c e r v i c a l ve r t eb rae , m a y a l l b e e x c i t 

i n g causes o f t h i s s p a s m o d i c a c t i o n . 

Tonic Spasm of the Sterno-mastoid and Trapezius Mus

cles.—When t h e sterno-mastoid muscle i s t h e sea t o f tonic 

spasm, t h e h e a d i s so d r a w n t h a t t h e ea r a p p r o a c h e s t h e 

c l a v i c l e , t h e o c c i p u t t h e t i p o f t h e s h o u l d e r , a n d t h e c h i n i s 

so r o t a t e d t h a t i t p o i n t s t o w a r d t h e o p p o s i t e s i de . T h i s c o n 

d i t i o n i s o f l o n g e r o r s h o r t e r d u r a t i o n , a n d o f t e n s h o w s a 

m a r k e d t e n d e n c y t o b e c o m e a p e r m a n e n t c o n t r a c t u r e . D u r 

i n g t h e e a r l y p a r o x y s m s , t h e p a t i e n t c a n n o t r e c t i f y t h e d i s 

p l a c e m e n t o f t h e h e a d b y h i s o w n v o l u n t a r y e f f o r t s , a n d pas-



CLINICAL RELATIONS OF SPINAL ACCESSORY NERVE. 269 

sive motion is strongly resisted. The early periods of the 

p a r o x y s m a r e o f t e n a c c o m p a n i e d b y s h a r p p a i n s . W h e n t h e 

d i s e a s e h a s b e c o m e c h r o n i c , t h e d e f o r m i t y o f t h e n e c k i s as

s o c i a t e d w i t h a,permanent curvature of the cervical vertebra} 

a n d a c o r r e s p o n d i n g c u r v e o f a c o m p e n s a t o r y c h a r a c t e r i n t h e 

d o r s a l a n d l u m b a r r e g i o n s . A r a r e case o f b i l a t e r a l t o n i c 

s p a s m o f t h e s t e r n o - m a s t o i d m u s c l e s i s r e p o r t e d b y D u c h e n n e , 

i n w h i c h t h e c h i n w a s a p p r o x i m a t e d t o t h e b r e a s t . 

T h e trapezius muscle-may a l s o b e t h e sea t o f tonic spasm. 

I n t h i s case, t h e h e a d i s i n c l i n e d t o w a r d t h e a f f e c t e d s i d e , 

t h e o c c i p u t i s d r a w n t o w a r d t h e s h o u l d e r , t h e s h o u l d e r i t s e l f 

i s r a i s e d , a n d t h e s c a p u l a i s d r a w n i n w a r d . T h e c h i n i s n o t 

r o t a t e d t o w a r d t h e u n a f f e c t e d s i d e , as i n t h e case o f t h e 

s t e r n o - m a s t o i d m u s c l e . A l l a t t e m p t s t o b r i n g t h e h e a d i n t o 

i t s p r o p e r r e l a t i o n t o t h e t r u n k c r e a t e a r i g i d i t y a n d s e n s i 

t i v e n e s s o v e r t h e r e g i o n o f t h e t r a p e z i u s . 

Clonic Spasm of the Sterno-mastoid and Trapezius Mus

cles.—This v a r i e t y o f s p a s m , w h i c h i s d e p e n d e n t u p o n t h e 

s a m e g e n e r a l l i s t o f causes as t h e t o n i c f o r m , m a y b e u n i 

l a t e r a l o r b i l a t e r a l . E i t h e r o f t h e m u s c l e s s u p p l i e d b y t h e 

s p i n a l a c c e s s o r y m a y b e a f f e c t e d a l o n e , o r t h e s t e r n o - m a s t o i d 

a n d t r a p e z i u s m a y c o n t r a c t a l t e r n a t e l y . I f t h e s p a s m b e c o n 

f i n e d t o o n e m u s c l e a n d o f t h e u n i l a t e r a l t y p e , t h e d e f l e c t i o n 

o f t h e h e a d w i l l b e t h e s a m e as i n t h e t o n i c s p a s m , e x c e p t 

t h a t t h e d u r a t i o n o f t h e c o n t r a c t i o n w i l l b e f o r a s h o r t e r 

p e r i o d , a n d o f a c o n v u l s i v e v a r i e t y ; w h i l e , i f t h e t w o m u s c l e s 

o f o n e s i d e c o n t r a c t a l t e r n a t e l y , t h e a t t i t u d e o f t h e h e a d w i l l 

b e c o n s t a n t l y c h a n g i n g f r o m t h e c o n d i t i o n d u e t o c o n t r a c t i o n 

o f t h e o n e t o t h a t p r o d u c e d b y t h e o t h e r . W h e n t h e s t e r n o -

m a s t o i d m u s c l e s o f b o t h s i de s a c t s i m u l t a n e o u s l y i n a spas

m o d i c c o n t r a c t i o n , a p e c u l i a r " n o d d i n g m o v e m e n t " i s p e r 

c e i v e d . Y o u c a n u n d e r s t a n d h o w a l l f o r m s o f c o m b i n a 

t i o n s c a n b e m a d e b e t w e e n t h e t w o m u s c l e s o f e i t h e r s i d e , 

a n d a p r o p o r t i o n a t e v a r i e t y o f s p a s m o d i c a t t i t u d e s w i l l b e 

t h e r e s u l t . A l l o f t h e s e c o n t r a c t i o n s o c c u r , f o r t h e m o s t 

p a r t , i n paroxysms, o f t e n l a s t i n g f o r a d a y , a n d n o t i n f r e 

q u e n t l y c o m i n g o n w i t h s u c h v i o l e n c e a n d f r i g h t f u l v e h e -
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m e n c e t h a t t h e h e a d i s t o s s e d t o a n d f r o w i t h g r e a t f o r c e , 

m a k i n g t h e l i f e o f t h e p a t i e n t m i s e r a b l e . I n s o m e i n s t a n c e s , 

t h e s p a s m i s a l m o s t c o n t i n u o u s . S leep , h o w e v e r , u s u a l l y 

b r i n g s res t , t h o u g h t h i s i s o f t e n p r e v e n t e d o r d e l a y e d . 

I n unilateral clonic spasm o f t h e s t e r n o - m a s t o i d m u s c l e , 

t h e a d j a c e n t m u s c l e s o f t h e f a c e , j a w , a n d a r m a re o c c a s i o n a l 

l y t h r o w n i n t o s i m u l t a n e o u s a c t i o n . T h e s c a l e n i m u s c l e s a r e 

a l so s o m e t i m e s b r o u g h t i n t o a c t i v e p l a y , a n d t h e i r f o r c i b l e 

c o m p r e s s i o n o f t h e b r a c h i a l p l e x u s - o f n e r v e a n d t h e v e i n s 

o f t h e n e c k h a s b e e n k n o w n t o r e s u l t i n s t i f f n e s s , a n e s 

t h e s i a , a n d oedema o f t h e a r m , a f t e r s u c h a n a t t a c k h a d s u b 

s i d e d . 

T h e n o d d i n g m o v e m e n t p r o d u c e d b y t h e bilateral clonic 

spasm o f t h e s t e r n o - m a s t o i d m u s c l e s i s s o m e t i m e s c a l l e d t h e 

" s a l a a m c o n v u l s i o n o f N e w n h a m . " I t i s r a r e l y seen i n 

a d u l t s , b u t i n c h i l d r e n i t i s n o t i n f r e q u e n t . S h o u l d i t o c c u r 

d u r i n g d e n t i t i o n , t h e s p a s m m a y b e a s s o c i a t e d w i t h c o n v u l s i v e 

m o v e m e n t s o f t h e f a c i a l m u s c l e s , w i t h s t r a b i s m u s , a n d e v e n 

w i t h g e n e r a l c o n v u l s i o n s a n d a los s o f consc iousnes s . B i 

l a t e r a l s p a s m o f t h e m u s c l e s s u p p l i e d b y t h e s p i n a l a c c e s s o r y 

n e r v e h a s b e e n k n o w n t o t e r m i n a t e i n e p i l e p s y , i n s a n i t y , a n d 

p a r a l y s i s ; a n d , w h e n t h e v a r i o u s causes o f t h e c o n d i t i o n a r e 

r e v i e w e d , t h i s w i l l a p p e a r b u t t h e n a t u r a l s e q u e n c e o f t h e 

f u r t h e r p r o g r e s s o f s o m e o f t h e diseases m e n t i o n e d . S h o u l d 

r e f l e x i r r i t a t i o n , as i n d e n t i t i o n , w o r m s , h y s t e r i a , e t c . , e x i s t , 

o r t h e s p a s m b e d e p e n d e n t u p o n r h e u m a t i c o r i g i n , e x p o s u r e 

t o c o l d o r d a m p n e s s , t r a u m a t i s m , ca r i e s , a n d o t h e r c u r a b l e 

c o n d i t i o n s , t h e r e s u l t s w i l l be a r r e s t e d w h e n t h e e x c i t i n g 

cause has b e e n r e m o v e d . 

Paralysis of the Sterno-mastoid and Trapezius Mus

cles.—These m u s c l e s m a y b e a f f e c t e d w i t h a t o t a l a r r e s t 

o f t h e i r n e r v e p o w e r b y l e s i o n s o f t h e m o t o r c o l u m n s o f t h e 

s p i n a l c o r d , r e s u l t i n g i n p r o g r e s s i v e m u s c u l a r a t r o p h y ; b y 

f r a c t u r e o f t h e c e r v i c a l v e r t e b r a e ; d iseases o f t h e v e r t e b r a e 

n e a r t h e s k u l l a n d a l so o f t h e c r a n i a l b o n e s ; i n j u r i e s t o t h e 

n e r v e , s u c h as c u t s , s tabs , g u n s h o t w o u n d s o f t h e n e c k ; a n d 

c o m p r e s s i o n o f t h e n e r v e f r o m p e r i p h e r a l causes , as i n t h e 
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case of tumors of the neck, swelling of the lymphatic glands 

o f t h e n e c k , abscesses , n e u r o m a t a , e t c . 

T h e s t e r n o - m a s t o i d o r t h e t r a p e z i u s m a y b e p a r a l y z e d i n 

d e p e n d e n t l y o f t h e o t h e r , o r t h e y m a y b o t h b e a f f e c t e d s i 

m u l t a n e o u s l y , a c c o r d i n g as t h e c a u s e a f f e c t s t h e e n t i r e n e r v e o r 

o n l y s o m e i n d i v i d u a l b r a n c h . T h e p a r a l y s i s m a y , i n s o m e 

i n s t a n c e s , b e b i l a t e r a l , p r o v i d e d t h e e x c i t i n g c a u s e b e c e n t r a l 

a n d i n v o l v e t h e p a r t s i n t h e m e d i a n l i n e , o r so e x t e n s i v e as t o 

p r e s s u p o n t h e t r u n k s o f b o t h s p i n a l a c c e s s o r y n e r v e s . A 

case o f b i l a t e r a l p a r a l y s i s f o l l o w i n g p r o g r e s s i v e m u s c u l a r 

a t r o p h y o f t h e m u s c l e s o f t h e n e c k i s r e p o r t e d b y R o s e n t h a l , 

w h e r e t h e p a t i e n t w a s o b l i g e d t o s u p p o r t t h e h e a d b y a c o l l a r 

m a d e o f p a s t e b o a r d ; b u t t h i s w a s r a t h e r t h e c o n s e q u e n c e o f 

t h e g e n e r a l a t r o p h y o f t h e m u s c l e s t h a n t h e e f f e c t o f t h e p a 

r a l y s i s o f t h e t w o m u s c l e s s u p p l i e d b y t h e s p i n a l a c c e s s o r y . 

I n unilateral paralysis o f t h e sterno-mastoid muscle, t h e 

v o l u n t a r y r o t a t i o n o f t h e h e a d t o w a r d t h e u n a f f e c t e d s i d e i s 

p e r f o r m e d w i t h d i f f i c u l t y ; t h e c h i n i s t u r n e d t o w a r d t h e a f 

f e c t e d s i d e , o n a c c o u n t o f t h e u n o p p o s e d a c t i o n o f t h e h e a l t h y 

m u s c l e ; t h e c h i n i s a l s o s l i g h t l y e l e v a t e d , a n d t h e p a r a l y z e d 

m i L s e l e d o e s n o t s t a n d o u t w i t h e q u a l p r o m i n e n c e w i t h i t s 

f e l l o w , w h e n t h e c h i n i s s u p p o r t e d b y t h e h a n d o f t h e p h y s i 

c i a n , a n d d i r e c t i o n i s g i v e n t o t h e p a t i e n t t o t r y a n d d e p r e s s 

t h e c h i n , t o w a r d t h e c h e s t . I f t h i s u n i l a t e r a l p a r a l y s i s b e 

l o n g c o n t i n u e d , t h e c o n t r a c t u r e o f t h e h e a l t h y m u s c l e s p r o 

d u c e s t h e c o n d i t i o n o f " t o r t i c o l l i s . " 

W h e n a bilateral parcdysis o f t h e sterno-mastoid muscles 

i s d e v e l o p e d , t h e h e a d i s h e l d s t r a i g h t , a n d i t s r o t a t i o n , es

p e c i a l l y w i t h t h e c h i n e l e v a t e d , i s p e r f o r m e d w i t h e x t r e m e 

d i f f i c u l t y . T h e n e c k a p p e a r s t h i n , a n d t h e l a t e r a l a s p e c t o f 

t h a t r e g i o n i s m a r k e d l y f l a t t e n e d , s i n c e t h e n o r m a l p r o m i n e n c e 

o f t h e s t e r n o - m a s t o i d m u s c l e i s w a n t i n g . T h e s a m e t e s t , as 

m e n t i o n e d a b o v e , w h e n t h e c h i n i s s u p p o r t e d b y t h e h a n d o f 

t h e p h y s i c i a n , s h o w s a g r e a t l o s s o f p o w e r i n a t t e m r j r i n g t o 

f l e x t h e h e a d u p o n t h e c h e s t . 

T h e e f f e c t s o f unilateral paralysis o f t h e trapezius mus

cle a r e m o s t m a r k e d i n t h e r e g i o n o f t h e s c a p u l a . T h i s b o n e 
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a p p e a r s t o b e d r a w n d o w n w a r d a n d f o r w a r d ; i t s i n f e r i o r a n g l e 

l i e s c lose r t o t h e v e r t e b r a l c o l u m n t h a n t h a t o f i t s f e l l o w , a n d 

i t s u p p e r p a r t i s m o r e w i d e l y s e p a r a t e d f r o m t h e ve r t eb ra? . 

T h e c l a v i c l e i s c a u s e d t o s t a n d o f f f r o m t h e ches t , o n a c c o u n t 

o f t h e a c r o m i o n b e i n g d r a w n d o w n w a r d a n d f o r w a r d b y t h e 

w e i g h t o f t h e u p p e r e x t r e m i t y a n d t h e p e c t o r a l a n d t h e l e v a 

t o r a n g u l i scapula? m u s c l e s ; hence , t h e s u p r a - c l a v i c u l a r f o s s a 

i s a p p a r e n t l y e n l a r g e d , i n c o m p a r i s o n w i t h t h e h e a l t h y s ide . 

I t i s t o be r e m e m b e r e d , h o w e v e r , b y y o u t h a t t h e t r a p e z i u s , 

u n l i k e m a n y o t h e r s i n t h e b o d y , o f t e n m a n i f e s t s p a r a l y s i s i n 

portions o f t h e m u s c l e ; so t h a t t h e s y m p t o m s o f t h i s t y p e o f 

u n i l a t e r a l p a r a l y s i s a d m i t o f m a n y m o d i f i c a t i o n s , i n a c c o r d 

ance w i t h t h e e x t e n t a n d l i m i t s o f t h e d isease . T h u s , t h e 

p o s i t i o n o f t h e s c a p u l a w i l l v a r y w i t h t h e p a r a l y s i s o f t h e 

u p p e r , m i d d l e , o r l o w e r fibers o f t h e m u s c l e ; t h e p o w e r o f 

e l e v a t i o n o f t h e a r m w i l l b e g r e a t l y i m p a i r e d i f t h e u p p e r 

fibers a r e p a r a l y z e d ; w h i l e t h e a p p r o x i m a t i o n o f t h e s c a p u l a 

t o t h e v e r t e b r a l c o l u m n i s v e r y m u c h i m p a i r e d w h e n t h e 

m i d d l e fibers a r e a l o n e i n v o l v e d . 

W h e n t h e trapezei muscles a r e a f f e c t e d w i t h bilateral 

paralysis, i n a d d i t i o n t o t h e s y m p t o m s d e s c r i b e d , w h i c h w i l l 

n o w be p e r c e i v e d u p o n b o t h s ides , t h e back to ill appear 

broader and more arched, s i nce t h e scapula? a r e l o w e r e d a n d 

d r a w n o u t w a r d , w h i l e t h e y a re a l s o m o r e p r o m i n e n t . S o m e 

d i f f i c u l t y m a y a l so be e x p e r i e n c e d i n m a i n t a i n i n g t h e h e a d i n 

a n u p r i g h t p o s i t i o n , s ince i t n a t u r a l l y t e n d s t o s i n k t o w a r d 

t h e ches t . 

THE HYPO-GLOSSAL, OR TWELFTH CRANIAL NERVE. 

T h i s n e r v e i s s o m e t i m e s c a l l e d t h e sublingual ncrre, t h u s 

u s i n g a L a t i n r a t h e r t h a n G r e e k t e r m t o e x p r e s s t h e s a m e 

i d e a , v i z . , t h a t t h e n e r v e passes u n d e r n e a t h t h e t o n g u e . I t i s 

t h e l a s t o f t h e c r a n i a l n e r v e s , a n d i s i n t i m a t e l y a s s o c i a t e d w i t h 

a l l t h o s e m o v e m e n t s i n w h i c h t h e t o n g u e t a k e s a n i m p o r t a n t 

p a r t , s u c h as t h e ac t s o f t a l k i n g , s i n g i n g , m a s t i c a t i o n , a n d 

d e g l u t i t i o n . T h e p o i n t o f e x t e r n a l o r i g i n o f t h i s n e r v e i s a 
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groom between the olivary body of the medulla oblongata 

a n d t h e anterior pyramid, b e l o w t h e p o i n t o f e s c a p e o f t h e 

n i n t h , t e n t h , a n d e l e v e n t h n e r v e s . I t s d e e p fibers c a n b e 

t r a c e d t o a n u c l e u s i n t h e floor o f t h e f o u r t h v e n t r i c l e , a n d 

i t i s p r o b a b l e t h a t s o m e o f t h e m d e c u s s a t e i n t h e m e d i a n l i n e 

o f t h e floor o f t h a t c a v i t y , t h u s p a s s i n g t o t h e o p p o s i t e s i d e 

o f t h e m e d u l l a . T h e n e r v e escapes f r o m t h e c a v i t y o f t h e 

c r a n i u m b y t h e anterior condyloid f o r a m e n . 

Fis. 100.—Distribution of the hypo-glossal nerve. (Sappey.) 
1, root of the fifth nerve ; 2, ganglion of Gasser; 3, 4, 5, 6, 7, 9, 10, 12, branches and 

anastomoses of the fifth nerve ; 11, submaxillary ganglion ; 13, anterior belly of the 
digastric muscle; 14, section of the mylo-hyoid muscle ; 15, glosso-pharyngeal nerve ; 
16, tranglion of Andersch ; 17, IS, branches of the glosso-pharyngeal nerve ; 1«J, 10, 
pneumogastric; 20,21, ganglia of the pneumogastric; 22, 22, superior laryngeal 
branch of the pneumogastric ; 23, spinal accessory nerve ; 24, hypo-glossal nerve, 25, 
dcsccndcns noni ; 26, thyro-hyoid branch ; 27, terminal branches ; 28, two branches, 
one to the gcnio-hyo-glossus and the other to the genio-hyoid muscle. 

A f t e r t h e n e r v e escapes f r o m t h e c r a n i u m , i t g i v e s a fila

m e n t o f c o m m u n i c a t i o n t o t h e sympathetic nerve, w h i c h j o i n s 
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the superior cervical ganglion ; another to the pneumogastric 

nerve; t w o o r t h r e e b r a n c h e s t o t h e upper cervical nerves ; 

FIG. 101.—Anastomotic loop formed by the descending branch of the hypo-glossal and the 
internal descending branch of the ccrvical plexus. (After Hirschfeld.) 

1, lingual nerve passing transversely upon the hyo-glossus muscle ; 2, 2, trunk of the 
pneumogastric; 3, superior laryngeal nerve ; 4, external laryngeal nerve ; 5, external 
branch of the spinal accessory supplying the sterno-mastoid and trapezius; 6, ante
rior branch of the second pair of cervical nerves; 7, anterior branch of the third 
pair; 8, anterior branch of the fourth pair; 9, origin of the phrenic; 10, origin of 
the subclavian nerve; 11, origin of the anterior thoracic nerves of the brachial 
plexus; 12, middle portion of the trunk of the hypo-glossal; 13, deseendens noni; 
14, internal descending branch of the cervical plexus, forming, with the preceding, a 
loop with its convexity directed downward ; 15, inferior branch from this loop, sup
plying the sterno-thyroid muscle; 1 fi, superior branch distributed to the stcrno-hyoid 
muscle; 17, another branch still higher up, and distributed to the same muscle; 
18, middle branches from the loop; 19, filament extending as far as the lower ex
tremity of the sterno-thyroid ; 20, branch given off by the hypo-glossal to the thyro
hyoid ; 21, branches of anastomosis between the hypo glossal and lingual; 22, ter
minal portion of the trunk of the hypo-glossal. 

a n d , f i n a l l y , a c o m m u n i c a t i n g b r a n c h t o t h e gustatory branch 

o f t h e fifth nerve. 
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Fie. 102.—A diagram of the hypo-glossal and its branches. 
1, trunk of hypo-glossed nerve, escaping from the medulla oblongata; 2 'anterior condyloid 

foramen ; 3, filaments of communication to the pneumogastric nerve ; 4, filaments of 
communication to the superior ccrvical ganglion of the sympathetic system ; 5, fila
ments of communication to the first and second spinal nerves of the cervical region; 
6, the elcscendens noni nerve, forming a loop with the communicans noni nerve (19) 
and giving off muscular branches from the loop ; 7, muscular filaments to the thyro
hyoid muscle ; 8, muscular filament to the gcuiodiyoid muscle ; 9, muscular fila
ment to the genio-hyo-glossus muscle ; 10, muscular filament to the hyo-glossus muscle ; 
11, muscular filament to the sfylo-glossus muscle; 12, the occipited artery, around 
which the hypo-glossal nerve winds, before reaching the tongue ; 13, a branch of the 
communicans noni nerve, derived from the second cervical nerve; 14, a branch of 
the communicans noni nerve, derived from the third cervical nerve ; 15, a muscular 
branch to the omo-hyoid muscle (anterior belly); 16, a muscular branch to the sterno
hyoid muscle; 17, a muscular branch to the sterno-thyroid muscle ; 18, a muscular 
branch to the omo-hyoid (posterior belly); 19, the communicans noni nerve, joining 
the dcsccndcns noni nerve to form a loop. 
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I t s f i r s t b r a n c h o f d i s t r i b u t i o n i s n a m e d t h e descendens 

noni ( t h e d e s c e n d i n g o f t h e n i n t h n e r v e ) , so c a l l e d s i nce t h i s 

n e r v e w a s c l a s sed b y W i l l i s as t h e n i n t h . T h i s b r a n c h 

passes d o w n t h e n e c k t o s u p p l y t h e s t e r n o - h y o i d , s t e r n o 

t h y r o i d , a n d o m o - h y o i d m u s c l e s , a n d t h e n j o i n s t h e com

municans noni nerve (a b r a n c h o f t h e c e r v i c a l p l e x u s ) , t o 

f o r m a l o o p , f r o m w h i c h t e r m i n a l f i l a m e n t s a r e g i v e n o f f . 

T h e o t h e r b r a n c h e s o f t h e n e r v e a r e d i s t r i b u t e d t o t h e t h y r o 

h y o i d m u s c l e ( w h i c h u s u a l l y h a s a s e p a r a t e f i l a m e n t o f i t s 

o w n ) , t h e s t y l o - g l o s s u s , t h e h y o - g l o s s u s , g e n i o - h y o i d , g e n i o -

h y o - g l o s s u s , a n d t h e i n t r i n s i c m u s c l e s o f t h e t o n g u e . I t w i l l 

t h u s b e seen t h a t t h e h y p o - g l o s s a l n e r v e i s t h e m o t o r n e r v e o f 

a l l t h e m u s c l e s w h i c h t e n d t o depress the larynx and the 

hyoid bone, a f t e r t h e y h a v e b e e n r a i s e d d u r i n g t h e s e c o n d 

s t age o f t h e a c t o f d e g l u t i t i o n ( t h e m u s c l e s o f t h e i n f r a - h y o i d 

r e g i o n ) , a l so t o o n e o f t h e s u p r a - h y o i d r e g i o n , t h e g e n i o - h y 

o i d , a n d t o m o s t o f t h e m u s c l e s w h i c h a c t u p o n t h e t o n g u e . 

I n t h e p r e c e d i n g d i a g r a m m a t i c f i g u r e , t h e b r a n c h e s o f t h e 

h y p o - g l o s s a l n e r v e a r e s h o w n , a n d t h e g e n e r a l c o u r s e o f t h e 

n e r v e i s m a d e m o r e c l e a r t h a n c a n b e d o n e b y a v e r b a l de 
s c r i p t i o n . 

TABLE OF THE BRANCHES OF THE HYPO-GLOSSAL NERVE.1 

FUNCTIONS OF TIIE HYPO-GLOSSAL NERVE. 

T h e f a c t t h a t t h e h y p o - g l o s s a l n e r v e a r i ses f r o m t h e m o t o r 

p o r t i o n o f t h e s p i n a l c o r d ( w h e n t a k e n i n c o n n e c t i o n w i t h t h e 

To the ganglion of the trunk of the pneu
mogastric nerve, 

Branches of ^° t n c suPC)'i°r cervical ganglion of the 
communication. ^ ~ sympathetic, 

loop between the first and second 
TIIE HYPO-GLOSSAL, 

OR TWELFTH CRA- -< 
NIAL NERVE. 

cervical nerves, 
To the gustatory nerve. 
Dcsccncl&vs noni nerve, 
To thyro-hyoid nerve, 

To hyo-glossus muscle, 
To genio-hyo-glossus muscle, 

. To the intrinsic muscles of the tongue. 

1 Copied from the " Essentials of Amxtomy " (Darling and Ranney). Putnam's Sons 
New York, 1880. 
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absence of any ganglionic enlargement upon the trunk of the 

n e r v e ) w o u l d s e e m t o i n d i c a t e t h a t t h e f u n c t i o n o f t h e h y p o 

g l o s s a l i s e s s e n t i a l l y m o t o r ; a n d s u c h a c o n c l u s i o n i s sus

t a i n e d b y t h e e x p e r i m e n t s o f L o n g e t , w h o f o u n d t h e n e r v e 

i n c a p a b l e o f t r a n s m i t t i n g a n y s e n s o r y i m p r e s s i o n s w h e n t h e 

r o o t s w e r e s u b j e c t e d t o i r r i t a t i o n . 

M a y o a n d M a g e n d i e , h o w e v e r , f i r s t p r o v e d t h a t t h e n e r v e 

p o s s e s s e d s e n s o r y filaments, a f t e r i t h a d e s c a p e d f r o m t h e 

c a v i t y o f t h e c r a n i u m , w h i c h r e s u l t s h a v e s i n c e b e e n c o n f i r m e d 

b y m o s t o f t h e l a t e r p h y s i o l o g i s t s . W e c a n e a s i l y e x p l a i n 

t h i s a c q u i r e d p o w e r o f s e n s i b i l i t y w h i c h t h e n e r v e e x h i b i t s , 

b y t h e branches of communication w h i c h i t r e c e i v e s f r o m t h e 

p n e u m o g a s t r i c , t h e c e r v i c a l n e r v e s , a n d t h e g u s t a t o r y b r a n c h 

o f t h e fifth n e r v e ; so t h a t t h e r e i s l i t t l e , i f a n y , r e a s o n t o 

d o u b t t h a t t h e o r i g i n a l fibers o f t h e n e r v e i t s e l f a r e p u r e l y 

m o t o r i n f u n c t i o n . 

I n c o n n e c t i o n w i t h t h e g l o s s o - p h a r y n g e a l n e r v e , I e n t e r e d 

i n t o a s o m e w h a t e x t e n d e d d i s c u s s i o n o f t h e m e c h a n i s m o f t h e 

a c t o f d e g l u t i t i o n ; 1 a n d t h e s a m e s u b j e c t m i g h t , w i t h e q u a l 

p r o p r i e t y , b e a g a i n r e p e a t e d i n c o n n e c t i o n w i t h t h e h y p o g l o s 

s a l n e r v e , s i n c e b o t h a r e i n t i m a t e l y a s s o c i a t e d w i t h t h o s e 

c o m p l e x m o v e m e n t s . I t w i l l s u f f i c e , h o w e v e r , t o a g a i n c a l l 

a t t e n t i o n t o t h e f a c t , t h a t movements of the tongue w e r e o f 

t h e g r e a t e s t i m p o r t a n c e i n s w a l l o w i n g , s i n c e t h a t o r g a n n o t 

o n l y c o n v e y e d t h e b o l u s t o t h e b a c k p o r t i o n o f t h e m o u t h , 

a n d , w h e n l i q u i d s w e r e t o b e s w a l l o w e d , h e l p e d t o f o r m a 

t u b e t h r o u g h w h i c h a s u c t i o n f o r c e c o u l d b e e x e r t e d , b u t a l s o 

a s s i s t e d i n t h e p r e v e n t i o n o f f o o d f r o m e n t e r i n g t h e c a v i t y o f 

t h e l a r y n x . 

CLINICAL POINTS PERTAINING TO THE HYPO-GLOSSAL NERVE. 

W h e n t h i s n e r v e i s d i v i d e d i n a n i m a l s , t h e sense o f t a s t e 

r e m a i n s a n d t h e t o n g u e r e t a i n s i t s n o r m a l s e n s i t i v e n e s s ; b u t 

t h e p o w e r o f m o v e m e n t i s u t t e r l y d e s t r o y e d i f t h e n e r v e s o f 

b o t h s i d e s a r e s i m u l t a n e o u s l y c u t . A s a n a t u r a l c o n s e q u e n c e , 

t h e first s t a g e o f t h e a c t o f d e g l u t i t i o n i s m a t e r i a l l y e m b a r -

on 1 See page 226 of this volume. 
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rassed , a n d t h e s e c o n d s t age is l i a b l e t o b e a s s o c i a t e d w i t h t h e 

e n t r a n c e o f fluid, i f s w a l l o w e d , i n t o t h e c a v i t y o f t h e l a r y n x . 

W h e n , i n t h e h u m a n s u b j e c t , t h i s n e r v e i s i m p a i r e d , e i t h e r 

as a s p e c i a l t y p e o f p a r a l y s i s o r d u r i n g a n a t t a c k o f h e m i 

p l e g i a , t h e p o w e r o f p r o t r u s i o n o f t h e t o n g u e f r o m t h e m o u t h 

i n a straight line i s l o s t , a n d t h a t m e m b e r b e c o m e s de

flected t o w a r d t h e s i d e w h i c h i s p a r a l y z e d , s i nce t h e g e n i o -

h y o - g l o s s u s m u s c l e i s u n o p p o s e d . A disease o f r a t h e r r a r e 

o c c u r r e n c e , i n w h i c h t h e h y p o - g l o s s a l n e r v e s o f b o t h s ides a re 

p a r a l y z e d , a n d , i n a d d i t i o n , t h e o r b i c u l a r m u s c l e o f t h e m o u t h , 

a n d , n o t i n f r e q u e n t l y , t h e i n t r i n s i c m u s c l e s o f t h e l a r y n x , i s 

d e s c r i b e d b y D u c h e n n e ; 1 a n d , s i nce h i s a r t i c l e , i t h a s b e e n 

FIG. 103.— Ulosso-labio-laryngcal paralysis. (After Hammond.) 

written upon by most of the later authors under the names 

o f g l o s s o - l a b i o - l a r y n g e a l p a r a l y s i s , g l o s s o p l e g i a , e tc . I n t h i s 

t y p e o f d isease t h e t o n g u e l i e s m o t i o n l e s s a n d t r e m b l i n g i n t h e 

1 "De releetrisation localisee," Paris, 1861. 
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f l o o r o f t h e m o u t h , i f a l l p o w e r o f m o t i o n b e p a r a l y z e d ; b u t , 

i f p a r e s i s o n l y e x i s t , i t c a n b e i m p e r f e c t l y p r o t r u d e d w i t h 

d i f f i c u l t y , a n d i s t r e m b l i n g l y a n d s l o w l y r e t r a c t e d . I f o n e 

s i d e b e a f f e c t e d , t h e s o u n d s i d e b e c o m e s f u l l a n d p r o m i 

n e n t , i n c o m p a r i s o n w i t h t h e a f f e c t e d s i d e , w h e n c a l l e d i n t o 

a c t i o n . T h e p e c u l i a r t r e m b l i n g c h a r a c t e r o f t h e m o v e 

m e n t o f t h e t o n g u e i n b i l a t e r a l p a r e s i s i s o b s e r v e d i n e v e r y 

m o t i o n w h i c h t h e p a t i e n t a t t e m p t s t o p e r f o r m w i t h t h a t o r 

g a n , a n d a l l t h e m o t i o n s a r e s l o w l y a n d i m p e r f e c t l y a c c o m 

p l i s h e d . 

T h e m o s t i m p o r t a n t e f f e c t s o f t h e p a r a l y t i c s t a t e o f t h e 

m u s c l e s a r e s h o w n i n a t t e m p t s a t mastication a n d speech. 

T h e f o o d i s n o l o n g e r p r o p e r l y p l a c e d b e t w e e n t h e t e e t h ; i s 

w i t h g r e a t d i f f i c u l t y c a r r i e d t o t h e b a c k p a r t o f t h e m o u t h ; 

a n d f r e q u e n t l y r e g u r g i t a t e s i n t o t h e m o u t h , w h e n a t t e m p t s 

a r e m a d e t o s w a l l o w . T h e s a l i v a i s s e c r e t e d i n l a r g e q u a n t i 

t i e s , a n d i s s w a l l o w e d w i t h e x t r e m e d i f f i c u l t y , so t h a t t h e 

p a t i e n t i s c o n s t a n t l y o b l i g e d t o e x p e c t o r a t e . 

T h e disturbances of speech m a y p r e s e n t t h e m s e l v e s w i t h 

v a r y i n g d e g r e e s o f i n t e n s i t y . I n t h o s e cases w h e r e t h e t o n g u e 

i s a f f e c t e d u p o n o n e s i d e o n l y ( a n d a s t a t e o f p a r e s i s e x i s t s , 

r a t h e r t h a n t h a t o f c o m p l e t e p a r a l y s i s o f m o t i o n ) , o n l y t h o s e 

s o u n d s w h i c h r e q u i r e t h e a i d o f t h e t o n g u e t o b e p r o n o u n c e d 

FIG. 104.— Glosso-labio-laryngcal paralysis. (After Hammond.) 

i 
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a re i n d i s t i n c t l y a n d i n c o m p l e t e l y a r t i c u l a t e d . T h e s e l e t t e r s 

a r e s, sell, I, e, i, a n d , a t a l a t e r p e r i o d , k, g, r, e tc . 

W h e n t h e p a r a l y s i s i s b i l a t e r a l , a n d t h e t o n g u e h a s u n d e r 

g o n e a t r o p h y , t h e s p e e c h b e c o m e s e x c e e d i n g l y i n d i s t i n c t , 

m u t t e r i n g a n d i n a r t i c u l a t e , so t h a t t h e p a t i e n t c a n h a r d l y 

e x p r e s s h i m s e l f i n s o u n d s t h a t c a n be u n d e r s t o o d b y t h o s e i n 

c o n s t a n t c o m m u n i c a t i o n w i t h h i m . T h e act of singing i s 

a l w a y s a f f e c t e d i n e v e n t h e m i l d f o r m s o f l i n g u a l p a r a l y s i s ; 

a n d t h e falsetto notes a r e p a r t i c u l a r l y a f f e c t e d , s i n c e t h e 

t o n g u e p l a y s a n i m p o r t a n t p a r t i n so d i r e c t i n g t h e s o u n d as 

t o g i v e i t i t s p r o p e r timbre. 

T h e e f f e c t s o f l i n g u a l p a r a l y s i s m u s t n o t b e c o n f o u n d e d 

w i t h s p a s m o f t h e l i n g u a l m u s c l e s ( t h e a c t o f s t u t t e r i n g ) , o r , 

o n t h e o t h e r h a n d , w i t h d u m b n e s s a n d a p h o n i a . 

I n some cases o f D u c h e n n e ' s disease, t h e l i p s a r e n o t a f 

f e c t e d ; w h i l e , i n o t h e r s , t h e l a r y n g e a l a n d p h a r y n g e a l m u s 

cles a re n o t i m p a i r e d t o a s u f f i c i e n t d e g r e e t o cause a n y 

s e r i o u s i m p e d i m e n t t o t h e i r n o r m a l f u n c t i o n s . W e c a n 

t h e b e t t e r u n d e r s t a n d w h y a l l p o s s i b l e v a r i e t i e s a n d deg rees 

o f p a r a l y s i s m a y e x i s t i n t h i s d isease w h e n w e c o n s i d e r t h a t , 

i n o r d e r t o a c c o u n t f o r a l l t h e s y m p t o m s p r e s e n t i n a f u l l y 

d e v e l o p e d case, t h e facial, spinal accessory, pneumogastric, 

a n d hypo-glossal n e r v e s m u s t b e s i m u l t a n e o u s l y d i s ea sed , 

o r s u b j e c t e d t o e x t r e m e p r e s s u r e . S h o u l d t h e f a c i a l n e r v e 

escape, t h e l i p s a n d f a c e w i l l p r e s e r v e t h e i r n o r m a l p o w e r ; 

i f t h e s p i n a l accessory n e r v e be u n i m p a i r e d , t h e l a r y n x m a y 

escape, p r o v i d e d t h a t t h e p n e u m o g a s t r i c n e r v e r e m a i n i n t a c t 

b e l o w t h e p o i n t o f c o m m u n i c a t i o n b e t w e e n t h e s e t w o n e r v e s ; 

i f t h e h y p o - g l o s s a l n e r v e b e n o r m a l , t h e s y m p t o m s r e f e r a b l e 

t o t h e t o n g u e w o u l d n o t be d e t e c t e d . T h e e s s e n t i a l l e s i o n o f 

t h i s d isease seems t o c o n s i s t o f a d e g e n e r a t i o n o f t h e m e d u l l a 

o b l o n g a t a a n d t h e u p p e r p o r t i o n o f t h e s p i n a l c o r d ; h e n c e 

t h e n u c l e i o f o r i g i n o f t h e f a c i a l , s p i n a l a cces so ry , p n e u m o 

g a s t r i c , a n d h y p o - g l o s s a l n e r v e s a r e l i a b l e t o b e i n v o l v e d t o a 

g r e a t e r o r less e x t e n t s i m u l t a n e o u s l y . W h e t h e r t h e v i e w o f 

L e y d e n , t h a t t h e c o n d i t i o n i s o n e o f m y e l i t i s , w i l l b e sus 

t a i n e d , i s s t i l l u n c e r t a i n , b u t t h a t t h e c o n d i t i o n c l o s e l y r e -
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s e m b l e s t h a t w h i c h c r e a t e s t h e s p i n a l p a r a l y s i s o f t h e i n f a n t 

a n d a d u l t s e e m s p o s i t i v e . 

T h e p r e v i o u s e x i s t e n c e o f t h e e a r l y m a n i f e s t a t i o n s o f s y p h 

i l i s a n d t h e p r o b a b l e a c t i v i t y o f t h e d i s e a s e i n t h e s y s t e m 

m a y a c c o u n t f o r t h e l e s i o n i n s o m e cases, w h i l e i n o t h e r s t h e 

r h e u m a t i c d i a t h e s i s , m e n t a l a n x i e t y , a n d e x c e s s i v e m e n t a l 

a p p l i c a t i o n , 1 s e e m t o h a v e a c t e d as e x c i t i n g causes . 

T h e g e n e r a l p a r a l y s i s o f t h e i n s a n e o f t e n first m a n i f e s t s 

i t s e l f i n a p e c u l i a r w e a k n e s s o f t h e t o n g u e a n d l i p s . 

T h e t r e m o r o f paralytic dementia p r o b a b l y first m a k e s i t s 

a p p e a r a n c e i n t h e f a c i a l a n d l i n g u a l m u s c l e s . I t c o n s i s t s i n 

n o n - r h y t h m i c a l c o n t r a c t i o n s o f s m a l l m u s c l e s o r o f f a s c i c u l i o f 

m u s c l e s , w h i c h a r e e i t h e r p r e s e n t i n t h e q u i e s c e n t s t a t e o f t h e 

f e a t u r e s , o r a r e e x c i t e d b y e m o t i o n o r b y t h e p e r f o r m a n c e 

o f a v o l u n t a r y m o v e m e n t , as s h o w i n g t h e t o n g u e o r t e e t h . 

S o m e t i m e s i n n u m e r a b l e fine, fibrillary t r e m o r s c o v e r t h e f a c e , 

w h i l e , i n s o m e cases, t h e m o v e m e n t s a r e coa r se r , a n d i r r e g u l a r 

e n o u g h t o m e r i t t h e t e r m c h o r e i c . T h e t o n g u e e x h i b i t s b o t h 

se ts o f t r e m o r s — t h e v e r y fine fibrillary o n e s a n d t h e l a r g e 

c h o r e i c o s c i l l a t i o n s . T h e r e i s , a l so , t h o u g h u s u a l l y a t a l a t e r 

s t a g e , s o m e s h r i v e l i n g o r a t r o p h y o f t h e t o n g u e . I q u o t e 

f r o m a l a t e a r t i c l e o f P r o f e s s o r E . C. S e g u i n , 2 as f o l l o w s : 

" T h e h a n d s a r e t r e m u l o u s , u s u a l l y i n a fine, s e m i - r h y t h 

m i c a l w a y . T h i s t r e m b l i n g i s s o m e t i m e s s c a r c e l y v i s i b l e , 

b u t i s p e r c e p t i b l e as a d e l i c a t e p a r c h m e n t - l i k e f r e m i t u s o n 

h o l d i n g u p t h e p a t i e n t ' s e x t e n d e d fingers b e t w e e n o u r s . I n 

t h e l o w e r e x t r e m i t i e s t h e t r e m u l b u s n e s s i s n o t a p p a r e n t . 

" T h e s p e e c h i s a f f e c t e d as a r e s u l t o f t h i s t r e m o r , a n d as 

t h e r e s u l t o f a c e r t a i n w a n t o f c o o r d i n a t i o n i n t h e m u s c l e s o f 

a r t i c u l a t i o n . W o r d s a r e q u i c k l y s p o k e n , w i t h s o m e s y l l a b l e s 

o m i t t e d o r b l u r r e d , o r w i t h a t e r m i n a l s y l l a b l e l e f t o f f . T h e 

a r t i c u l a t e s o u n d s w h i c h a r e p r o d u c e d a r e h e a r d as v i b r a t o r y 

o r t r e m u l o u s , a n d t h e s p e e c h seems t h i c k . P a t i e n t s s e m i - u n -

c o n s c i o u s l y a v o i d l o n g o r d i f f i c u l t w o r d s i n c o n v e r s a t i o n , a n d 
1 Such cases as these are reported in the admirable description of this complicated 

affection by my colleague and friend Professor W. A. Hammond: " Treatise on the 
Diseases of the Nervous System." New York: D. Appleton & Co., 1876. 

3 "Med. Record," 1881. 
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FIG. 105.—A diagram of the motor points of the face, showing the position of the electrodes 
during electrization of special muscles and nerves. The anode is supposed to be placed 
in the mastoid fossa, and the cathode upon the part indicated in the diagram. 

1, m. orbicularis palpebrarum; 2, m. pyramidalis nasi; 3, in. lev. lab. sup. et nasi; 4, m. 
lev. lab. sup. propr.; 5, 6, m. dilator naris ; 7, m. zygomatic major; 8, m. orbicularis 
oris; 9, n. branch for levator menti; 10, m. levator menti; 11, m. quadratus menti; 
12, m. triangularis menti; 13, nerves—subcutaneous of neck; 14, m. sterno-hyoid; 
15. m. omo-hyoid ; 10, m. sterno-thyroid ; 17, n. branch for platysma ; IS, m. sterno
hyoid ; 19, m. omo-hyoid; 20, 21, nerves to pectoral muscles; 22, m. occipito-
frontalis (ant. belly); 23, m. occipito-frontalis (post, belly); 24, m. retrahens and 
attollens aurem; 25, nerve—facial; 26, m. stylo-hyoid; 27, m. digastric; 28, m. 
splenius capitis; 29, nerve—external branch of spinal accessory; 30, m. sterno-
mastoid; 31, m. sterno-mastoid; 32, ra. levator anguli scapulae; 33, nerve—phrenic; 
34, nerve—posterior thoracic; 35, m. scrratus magnus; 36, nerves of the axil
lary space. 

even seek roundabout ways of expressing their meaning by 

shorter words. Besides this vibratory tremulousness in 
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articulation, there is an imperfection in the pronunciation 

o f w o r d s — l o n g w o r d s e s p e c i a l l y . R e m e d y i s p r o n o u n c e d 

' r e m d y ' ; c o n s t i t u t i o n , ' c o n s t u t i o n ' ; i n f a U i b i l i t y , ' i n f a l l a b y ' 

T h e l a s t s y l l a b l e m a y b e b a d l y s o u n d e d , o r e v e n o m i t t e d . I 

h a v e k n o w n t h i s c h a r a c t e r i s t i c s p e e c h t o b e t h e o n l y w e l l -

m a r k e d s y m p t o m , a n d t o b e f o l l o w e d b y d e m e n t i a , e x a l t a t i o n , 

e t c . O c c a s i o n a l l y , a p a t i e n t c o m e s t o u s c o m p l a i n i n g o f t h i s 

d e f e c t i v e a r t i c u l a t i o n . " 

I n t e r f e r e n c e w i t h t h e f r e e a c t i o n o f t h e h y p o - g l o s s a l n e r v e , 

w h e n n o t a s s o c i a t e d w i t h a s i m u l t a n e o u s a f f e c t i o n o f o t h e r 

n e r v e s , m a y r e s u l t i n t h e p r o d u c t i o n o f s p a s m o r p a r a l y s i s . 

Spasm of the tongue m a y b e p e r c e i v e d i n c o n n e c t i o n w i t h 

t h e s p a s m o d i c d i seases , s u c h as c h o r e a , e p i l e p s y , a n d h y s 

t e r i a ; a l s o , as a r e s u l t o f s l i g h t c o m p r e s s i o n o r i r r i t a t i o n o f 

t h e h y p o g l o s s a l n e r v e f r o m m e n i n g e a l e x u d a t i o n ; w h i l e a 

fibrillary tremor o f t h e t o n g u e i s o b s e r v e d i n p r o g r e s s i v e 

m u s c u l a r a t r o p h y . I n s e v e r e t y p e s o f f a c i a l s p a s m , a n d i n 

t h o s e f o r m s o f d i s e a s e w h e r e t h e l i n g u a l n e r v e i s t h e sea t o f 

a n e u r a l g i c a f f e c t i o n , t h e h y p o - g l o s s a l n e r v e m a y c r e a t e a 

t y p e o f c l o n i c s p a s m . 

Paralysis of the tongue i s u s u a l l y u n i l a t e r a l , a n d m a y 

b e t h e r e s u l t o f c e r e b r a l h a e m o r r h a g e , s o f t e n i n g , e m b o l i s m , 

t u m o r s , o r t h e p r o g r e s s i v e p a r a l y s i s o f t h e i n s a n e . I n r a r e 

cases, t h i s c o n d i t i o n h a s o c c u r r e d f r o m i n j u r y d o n e t o t h e 

n e r v e f r o m t h e r e m o v a l o f a t u m o r o f t h e t o n g u e i t s e l f ; w h i l e 

i n s t a n c e s h a v e b e e n r e p o r t e d w h e r e t h e n e r v e w a s i m p a i r e d 

b y p r e s s u r e u p o n i t s t r u n k , e i t h e r a t t h e base o f t h e b r a i n , o r 

a t i t s p o i n t o f e scape f r o m t h e a n t e r i o r c o n d y l o i d f o r a m e n . 





T H E S P I N A L C O R D . 

ITS ANATOMICAL CONSTRUCTION, FUNCTIONS, AND 

CLINICAL BEARLNGS. 





T H E S P I N A L C O E D . 

Lsr t h e p r e v i o u s l e c t u r e s o f t h i s w i n t e r ' s c o u r s e , w e h a v e 

c o n s i d e r e d t h e a n a t o m y o f t h e b r a i n , a n d t h e n e r v e s w h i c h 

a r i s e f r o m i t . W e h a v e n o t e d t h e g e n e r a l p o i n t s i n t h e 

c o n s t r u c t i o n o f e a c h , a n d d i s c u s s e d t h e c l i n i c a l b e a r i n g s 

o f t h e i n d i v i d u a l p a r t s w h i c h h a v e s u c c e s s i v e l y d e m a n d e d 

o u r a t t e n t i o n . I t n o w r e m a i n s f o r u s t o b e g i n t h e s t u d y 

o f t h e o t h e r g r e a t h a l f o f o u r n e r v o u s o r g a n i s m , v i z . , t h e 

s p i n a l c o r d , a n d t h e n e r v e s w h i c h a r e c o n n e c t e d w i t h i t . I 

s h a l l f o l l o w t h e s a m e g e n e r a l p l a n , i n t r e a t i n g o f t h e s p i n a l 

c o r d a n d i t s n e r v e s , as I h a v e p u r s u e d i n t h e e a r l y p a r t o f 

t h e c o u r s e , v i z . , t o g i v e s u c h p o i n t s o n l y i n t h e d e s c r i p t i v e 

p o r t i o n as s h a l l c o n d u c e t o a f u l l c o m p r e h e n s i o n o f t h e 

c l i n i c a l b e a r i n g s o f t h e r e g i o n s u n d e r d i s c u s s i o n , a n d t o i m 

p r e s s u p o n y o u c o n s t a n t l y s u c h s u g g e s t i o n s o f p r a c t i c a l v a l u e 

as t h e t h e m e r e c a l l s t o m y m i n d . S h o u l d t h e a n a t o m i c a l d e 

s c r i p t i o n o f t h e s e p a r a t e p a r t s s eem, a t a n y t i m e , i n c o m p l e t e , 

I t r u s t t o o m i t n o t h i n g t h a t c a n n o t b e e a s i l y s u p p l i e d f r o m 

t h e b e s t t e x t - b o o k s u p o n a n a t o m y ; b u t I s h a l l f a l l s h o r t o f 

m y p r o p o s e d t a s k i f I f a i l t o i n c o r p o r a t e s u c h p o i n t s as s h a l l 

a s s i s t y o u i n c o m p r e h e n d i n g m a n y o f t h e n e w t e r m s f o u n d 

s c a t t e r e d t h r o u g h o u t t h e m o r e a d v a n c e d t r e a t i s e s u p o n t h e 

a n a t o m y a n d d i s ea se s o f t h e n e r v o u s s y s t e m . 

T h e s p i n a l c o r d c o m p r i s e s t h a t p a r t o f o u r c e n t r a l n e r v o u s 

s y s t e m w h i c h i s c o n t a i n e d w i t h i n t h e c a n a l o f t h e v e r t e b r a l 

c o l u m n . I t m a y b e s a i d t o b e g i n a t t h e p o i n t w h e r e t h e 

L 
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f i b e r s o f t h e a n t e r i o r p y r a m i d s o f t h e m e d u a l l a o b l o n g a t a be

g i n t o decussa t e ( w h i c h p o i n t c o r r e s p o n d s t o t h e u p p e r b o r d e r 

o f t h e a t l a s ) , a n d i t t e r m i n a t e s a t t h e l o w e r b o r d e r o f t h e 

f i r s t l u m b a r v e r t e b r a . I t m a y t h e n b e s t a t e d t h a t t h e e n t i r e 

l e n g t h o f t h e s p i n a l c o r d v a r i e s f r o m fifteen t o e i g h t e e n 

i n c h e s ( s ince i t d e p e n d s s o m e w h a t u p o n t h e h e i g h t o f t h e i n -

FIG. 106.— Cervical por- FIG. 107.—Dorsal por- FIG. 108.—Inferior por
tion of the spinal cord. Hon of the spinal cord. Hon of the spinal cord, 
(Hirschfeld.) (Hirschfeld.) and cauda equina. 

(Hirschfeld.) 
1, anteroinferior wall of the fourth ventricle ; 2, superior peduncle of the cerebellum ; 

3, middle peduncle of the cerebellum ; 4, inferior peduncle of the cerebellum ; 5, in
ferior portion of the posterior median columns of the cord ; 6, glosso-pharyngeal 
nerve; 7, pneumogastric ; 8, spinal accessory nerve ; 9, 9, 9, 9, dentated ligament; 
10, 10, 10, 10, posterior roots of the spinal nerves ; 11, 11, 11, 11, posto-ior lateral 
groove; 12, 12, 12, 12, ganglia of the posterior roots of the nerves ; 13, 13, antei-ior 
roots of the nerves; 14, division of the nerves into two branches; 15, lower ex
tremity of the cord; 16, 16, coccygeal ligament; 17, 17, cauda equina; I — V I I I , 
cervical nerves ; I , I I , I I I , I V — X I I , dorsal nerves ; I , I I — V , lumbar nerves ; I—V, 
sacral nerves. 

d i v i d u a l ) , a n d t h a t i t does n o t e x t e n d t h r o u g h o u t t h e e n t i r e 

l e n g t h o f t h e s p i n a l c a n a l . I t s u p p e r e n d i s c o n t i n u o u s w i t h 



CERVICAL AND LUMBAR ENLARGEMENTS. 289 

t h e l o w e r p a r t o f t h e m e d u l l a o b l o n g a t a ( w h i c h , i n m y o p i n 

i o n , s eems m o r e p r o p e r l y a p a r t o f t h e c o r d t h a n o f t h e b r a i n ) , 

w h i l e i t s l o w e r e n d t e r m i n a t e s i n a s l e n d e r filament, c a l l e d t h e 

' • f i l u m t e r m i n a l e , " w h i c h d e s c e n d s f o r a s h o r t d i s t a n c e i n t o 

t h e c e n t r a l l i g a m e n t . 

THE GENERAL CONSTRUCTION OF THE CORD. 

T h e s p i n a l c o r d i s n o t o f t h e s a m e size, o r g e n e r a l s h a p e i n 

a l l p o r t i o n s o f i t s l e n g t h , s i n c e i t t a p e r s g r a d u a l l y t o w a r d i t s 

l o w e r e x t r e m i t y , w i t h t h e e x c e p t i o n o f p r e s e n t i n g t w o l o c a l 

e n l a r g e m e n t s , c a l l e d t h e "cervical" a n d "lumbar'''' enlarge

ments? T h e f o r m e r o f t h e s e e x t e n d s f r o m t h e t h i r d c e r v i c a l 

t o t h e first d o r s a l v e r t e b r a , a n d i s w i d e s t f r o m s i d e t o s i d e ; 

4 2 

FIG. 109.— Transverse section of the spinal cord at the origin of the fifth pair2 of cervical 
nerves. (Stilling.) 

In this figure, the white substance of the cord is represented in black, to show more 
clearly the limits of the gray matter: 1, 1, antero-lateral columns; 2, 2, posterior 
white columns; 3, anterior median fissure; 4, posterior median fissure; 5, white 
commissure; 6, gray commissure ; 7, central canal; 8, 9, anterior cornua of gray 
matter; 10, 10, group of large multipolar cells ; 11, 11, 11, anterior roots of the 
spinal nerves; 12, posterior cornua of gray matter; 13, posterior roots of the 
spinal nerves. 

while the latter extends from the lower part of the eleventh 

d o r s a l t o t h e l o w e r b o r d e r o f t h e t w e l f t h d o r s a l v e r t e b r a , a n d 

1 These enlargements correspond to the points of origin of the main nerves of the 
upper and lower extremities. 

2 The line designated by Gubler. See page 183. 
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i s w i d e s t f r o m b e f o r e b a c k w a r d . W h e n v i e w e d e x t e r i o r l y , 

t h e c o r d p r e s e n t s Jive Jissures a n d f o u r columns, w h i c h a r e 

less d i s t i n c t t h a n t h e c o n v o l u t i o n s o f t h e c e r e b r u m ; a n d , o n 

s e c t i o n m a d e t r a n s v e r s e l y across i t s s u b s t a n c e , t w o g e n e r a l 

s u b d i v i s i o n s c a n b e m a d e o u t b y t h e n a k e d e y e , t h e white a n d 

t h e gray portions. W h e n w e c o m e t o d i s c u s s t h e c l i n i c a l 

p o i n t s p e r t a i n i n g t o s p i n a l l o c a l i z a t i o n , i n case o f d isease , y o u 

w i l l t h e n r e a l i z e t h a t t h e f u r t h e r s u b d i v i s i o n s o f t h e s p i n a l 

c o r d , w h i c h I s h a l l i m p r e s s u p o n y o u r m e m o r i e s , a r e n o t 

b a s e d a l o n e u p o n t h e r e s u l t s o f e n t h u s i a s t i c m i c r o s c o p y , 

b u t a r e t h e g r a n d e v i d e n c e s o f a p r o g r e s s i n t h i s d i r e c t i o n 

w h i c h t h e e a r l i e r a n a t o m i s t s h a d n o t d r e a m e d o f , a n d w h i c h 

a r e t h e f o u n d a t i o n , I s i n c e r e l y b e l i e v e , o f a c c u r a t e a n d p o s i 

t i v e d i a g n o s i s o f s p i n a l l e s i o n s a t n o d i s t a n t d a t e . 

T h e g e n e r a l e x t e r i o r o f t h e s p i n a l c o r d i s i n c o m p l e t e l y 

d i v i d e d i n t o t w o symmetrical lateral halves, b y t h e s o - c a l l e d 

" a n t e r o - m e d i a n fissure" a n d t h e " p o s t e r o - m e d i a n fissure," 

w h i c h d o n o t c u t t h e c o r d e n t i r e l y i n h a l f , s i n c e a t r a n s v e r s e 

c o m m i s s u r e e x i s t s , c a l l e d t h e "commissure of the spinal 

cord." N o w , t h i s p o i n t i s w o r t h y o f y o u r c a r e f u l a t t e n t i o n , 

s i nce i t i n d i c a t e s a c l i n i c a l f a c t , v i z . , t h a t l e s i o n s o f o n e l a t e r a l 

h a l f o f t h e c o r d p r o d u c e s y m p t o m s i n a l a t e r a l h a l f o f t h e 

b o d y . 
Each lateral half o f t h e c o r d h a s three Jissures o f i t s o w n : 

t h e " a n t e r o l a t e r a l fissure," w h i c h c o r r e s p o n d s t o t h e p o i n t s 

o f escape o f t h e a n t e r i o r r o o t s o f t h e s p i n a l n e r v e s ; t h e " p o s 

t e r o l a t e r a l fissure," w h i c h c o r r e s p o n d s t o t h e p o i n t s o f a t 

t a c h m e n t o f t h e p o s t e r i o r r o o t s o f t h e s p i n a l n e r v e s ; a n d t h e 

" p o s t e r o - i n t e r m e d i a r y fissure,"1 w h i c h i s s i t u a t e d o n t h e 

o u t e r s i d e o f t h e p o s t e r o - m e d i a n fissure, w h i c h h e l p s t o d i 

v i d e t h e c o r d i n t o i t s t w o l a t e r a l h a l v e s . T h e first t w o o f 

t h e s e a r e m e r e t r ace s u p o n t h e s u r f a c e o f t h e c o r d , w h i l e t h e 

l a s t i s m o s t a p p a r e n t i n t h e c e r v i c a l r e g i o n . 

A s d e m a r c a t e d b y t h e fissures n a m e d a b o v e , t h e s p i n a l 

c o r d p r e s e n t s f o u r s u b d i v i s i o n s o f i t s e x t e r i o r s u r f a c e , c a l l e d 

r e s p e c t i v e l y t h e " a n t e r i o r , " " l a t e r a l , " " p o s t e r i o r , " a n d 

1 Described by Sappey, Hirschfeld, and others. 
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" p o s t e r o - m e d i a n " c o l u m n s . 1 T h e s e a r e , h o w e v e r , o f less i m 

p o r t a n c e , f r o m a c l i n i c a l s t a n d p o i n t , t h a n t h e c o l u m n s n a m e d 

a f t e r c e r t a i n s p e c i a l i n v e s t i g a t o r s i n t h i s l i n e o f s c i e n c e ; 

FIG. 110.— Transverse section of the spinal cord of a child six months old, at the middle of 
the lumbar enlargement, treated with potassio-cldoride of gold and nitrate of uranium ; 
magnified 20 diameters. By means of these reagents, the direction of the fibers in the 
gray substance is rendered unusually distinct. (Gerlach.) 

«, anterior columns; b, posterior columns ; c, lateral columns; d, anterior roots ; e, poste
rior roots; fi anterior white commissure, in communication with the fasciculi of the 
anterior cornua and the anterior columns; g, central canal with its epithelium; h, 
surrounding connective substance of the central canal; i, transverse fasciculi of the 
gray commissure in front of the central canal; k, transverse fasciculi of the gray 
commissure behind the central canal; I, transverse section of the two central veins ; 
TO, anterior cornua; n, great lateral cellular layer of the anterior cornua; o, lesser 
anterior cellular layer; p, smallest median cellular layer; q, posterior cornua; r, 
ascending fasciculi in the posterior cornua; s, substantia gelatinosa. 

which can better be demonstrated by a reference to the cuts 

showing the transverse section of the spinal cord.2 

The spinal cord gives off thirty-one pairs of nerves, called 

1 Some anatomists include the lateral with the anterior column, under the name of the 
" antero-lateral column," thus taking in about two thirds of the entire lateral half of the 
cord. 

2 See cut on page 298 of this volume, and colored plate (after Hammond). 
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" s p i n a l n e r v e s , " i n c o n t r a d i s t i n c t i o n t o t h o s e o f c r a n i a l 

o r i g i n , w h i c h w e h a v e a l r e a d y c o n s i d e r e d , E a c h s p i n a l n e r v e 

a r i ses b y t w o r o o t s , w h i c h s p r i n g r e s p e c t i v e l y f r o m t w o o f t h e 

f i s s u r e s o f t h e l a t e r a l h a l v e s o f t h e c o r d , as h a s b e e n m e n 

t i o n e d ; b u t t h e s e t w o r o o t s s o o n j o i n w i t h e a c h o t h e r t o f o r m 

t h e n e r v e , b e f o r e i t escapes f r o m t h e s p i n a l c a n a l , t o b e d i s 

t r i b u t e d t o t h e r e g i o n s w h i c h i t i s d e s t i n e d t o s u p p l y . 

THE MEMBRANES OF THE SPINAL CORD. 

A s w a s t h e case w i t h t h e e n c e p h a l o n , t h e s p i n a l c o r d i s i n 

v e s t e d f r o m w i t h i n o u t w a r d b y a membrane of nutrition, t h e 

p i a m a t e r ; a membrane of lubrication, t h e a r a c h n o i d ; a n d , 

f i n a l l y , a membrane of protection, t h e d u r a m a t e r . T h e s e 

t h r e e c o v e r i n g s d i f f e r i n s o m e r e spec t s f r o m t h o s e c o v e r i n g 

t h e b r a i n , b u t t h e d i f f e r e n c e s h a v e l i t t l e i f a n y t h i n g t o d o 

w i t h t h e c l i n i c a l a spec t s o f t h e s p i n a l c o r d , a n d t h e y c a n b e 

a s c e r t a i n e d , . i f y o u d e s i r e t o k n o w t h e m , b y r e f e r e n c e t o a n y 

t e x t - b o o k o n d e s c r i p t i v e a n a t o m y . 

THE CEREBRO-SPINAL FLUID. 

A s m e n t i o n e d i n c o n n e c t i o n w i t h t h e v e n t r i c u l a r c a v i t i e s 

o f t h e b r a i n , t h e s p i n a l c o r d i s i m m e r s e d , as i t w e r e , i n a 

f l u i d , t h e "cerebrospinal fluid," w h i c h h a s f r e e e n t r a n c e t o 

a n d egress f r o m t h e v e n t r i c l e s o f t h e e n c e p h a l o n , s i n c e i t s 

f u n c t i o n i s t o r e g u l a t e a n d e q u a l i z e t h e p r e s s u r e 1 u p o n t h e 

n e r v e cen t e r s , w h e n t h e b l o o d s u p p l y s u f f e r s v a r i a t i o n s , as 

i t does d u r i n g r e s p i r a t i o n , i n s l eep , a n d i n c e r t a i n d i s e a s e d 

c o n d i t i o n s . T h i s a c c o u n t s f o r t h e f a c t t h a t p r e s s u r e m a d e 

u p o n a " s p i n a b i f i d a " — a t u m o r c o n t a i n i n g t h i s f l u i d p r o 

t r u d i n g t h r o u g h a n o p e n i n g d u e t o a c o n g e n i t a l ab sence o f 

t h e s p i n o u s p rocesses o f t h e v e r t e b r a ? — o f t e n c r ea t e s b r a i n 

s y m p t o m s , i f s u f f i c i e n t t o c r e a t e e x c e s s i v e i n t r a - v e n t r i c u l a r 

p r e s s u r e . 

T h e g r e a t e r p a r t o f t h i s f l u i d i s c o n t a i n e d i n w h a t i s k n o w n 

' Hilton considers this fluid as analogous, in respect to its function, to the elastic cap
sule of the various solid viscera. "Rest'and Pain," London, 1876. 
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as t h e sub-arachnoidean space, w h i c h i s s i t u a t e d o u t s i d e o f 

t h e c a v i t y o f t h e a r a c h n o i d , b e t w e e n i t s i n n e r l a y e r a n d t h e 

p i a m a t e r o f t h e c o r d . I t s q u a n t i t y w a s e s t i m a t e d b y M a -

g e n d i e as a b o u t t w o r l u i d o u n c e s i n t h e h u m a n s u b j e c t ; b u t 

a s o m e w h a t l a r g e r a m o u n t c a n b e o b t a i n e d b y m a k i n g a n 

o p e n i n g i n t h e l u m b a r r e g i o n a n d a c o u n t e r - o p e n i n g i n t h e 

r e g i o n o f t h e h e a d , so as t o a l l o w o f t h e i n f l u e n c e o f a t m o s 

p h e r i c p r e s s u r e i n f o r c i n g i t s e s cape o u t w a r d . 1 

T h i s f l u i d m a y b e d r a w n o u t o f t h e s p i n a l c a n a l o f a l i v i n g 

a n i m a l , e i t h e r b y m e a n s o f a s i m p l e t r o c a r o r a t r o c a r a t 

t a c h e d t o a s u c t i o n t u b e . I n t h e f o r m e r m e t h o d , n o a p p a r e n t 

i n f l u e n c e o f a d e t r i m e n t a l c h a r a c t e r s eems t o f o l l o w a m o d 

e r a t e e scape ; b u t , w h e n a s u c t i o n f o r c e i s u s e d t o s t i l l f u r 

t h e r d r a w o f f t h e f l u i d , t h e a n i m a l b e c o m e s e n f e e b l e d a n d 

s u b s e q u e n t l y a f f e c t e d w i t h s y m p t o m s o f m o t o r p a r a l y s i s . 

T h e c e r e b r o - s p i n a l f l u i d i s r a p i d l y r e p r o d u c e d , a f t e r i t s w i t h 

d r a w a l , a n d i s p r o b a b l y s e c r e t e d b y t h e p i a m a t e r . T h e 

f a c t t h a t a n i n c r e a s e o f t h e i n t r a - c e r e b r a l p r e s s u r e w i l l r e s u l t 

i n c o m a , i f s u f f i c i e n t l y i n t e n s i f i e d , i s s h o w n , i n a c l i n i c a l w a y , 

u p o n t h e h u m a n s u b j e c t , b y c o m p r e s s i o n o f a s p i n a b i f i d a ; 

a n d t h e s a m e r e s u l t w a s p r o v e d b y M a g e n d i e , w h o i n j e c t e d 

w a t e r i n t o t h e s u b - a r a c h n o i d e a n space o f a n i m a l s , a n d t h u s 

a r t i f i c i a l l y i n d u c e d a s t a t e o f p r o f o u n d c o m a . T h e p o i n t o f 

c o m m u n i c a t i o n b e t w e e n t h e s u b - a r a c h n o i d e a n space o f t h e 

s p i n a l c a n a l a n d t h e v e n t r i c u l a r c a v i t i e s o f t h e b r a i n i s s i t u 

a t e d i n t h e f o u r t h ventricle ; h e n c e , t h e f l u i d h a s t o p a s s u p 

w a r d , t h r o u g h t h e a q u e d u c t o f S y l v i u s , t o r e a c h t h e t h i r d 

v e n t r i c l e , a n d t h r o u g h t h e f o r a m i n a o f M o n r o , t o e n t e r t h e 

t w o l a t e r a l v e n t r i c l e s o f t h e c e r e b r u m . H i l t o n 2 c l a i m s t h a t 

t h e b a s i l a r p r o c e s s o f t h e o c c i p i t a l b o n e , w h i c h i s t h e sea t o f 

s o m e o f t h e m o r e i m p o r t a n t p a r t s o f t h e e n c e p h a l o n , i s n o t i n 

a c t u a l c o n t a c t w i t h t h e a d j a c e n t b r a i n , b u t h a s a l a y e r o f t h e 

c e r e b r o - s p i n a l f l u i d i n t e r p o s e d as a w a t e r - b e d t o p r o t e c t t h e 

p a r t s f r o m i n j u r y f r o m a n y f o r m o f c o n c u s s i o n , a n d a s i m i l a r 

c o n d i t i o n p r o b a b l y e x i s t s i n o t h e r p a r t s . 

1 A. Flint, Jr., op. cit. 2 Op. cit. 
21 
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APPEARANCE OF A TRANSVERSE SECTION OF THE SPINAL CORD. 

T h e a r r a n g e m e n t o f t h e g r a y a n d w h i t e s u b s t a n c e o f t h e 

s p i n a l c o r d i s seen o n l y o n a t r a n s v e r s e s e c t i o n . I n o r d e r t o 

p r o p e r l y a p p r e c i a t e t h e s p e c i a l p o i n t s i n t h e c o n s t r u c t i o n o f 

t hese t w o p o r t i o n s , s e v e r a l t r a n s v e r s e s e c t i o n s m u s t b e m a d e 

a t d i f f e r e n t h e i g h t s i n t h e c o r d , s i nce t h e r e l a t i v e p r o p o r t i o n 

o f t h e g r a y a n d w h i t e s u b s t a n c e d i f f e r s i n t h e c e r v i c a l , d o r s a l , 

a n d l u m b a r r e g i o n s . T h e r e g i o n s u s u a l l y s e l e c t e d f o r t h e s e 

t r a n s v e r s e s e c t i o n s a re t h e u p p e r c e r v i c a l p o r t i o n , t h e c e n t e r 

o f t h e c e r v i c a l e n l a r g e m e n t , t h e c e n t e r o f t h e d o r s a l r e g i o n , 

t h e l u m b a r e n l a r g e m e n t , a n d t h e t e r m i n a l p o r t i o n o f t h e 

c o r d . I n t h e c e r v i c a l r e g i o n , t h e w h i t e s u b s t a n c e i s t h e 

m o s t a b u n d a n t ; i n t h e d o r s a l r e g i o n , t h e g r a y m a t t e r i s 

r e l a t i v e l y s m a l l e r t h a n a t a n y o t h e r p o i n t ; w h i l e , i n t h e 

l u m b a r e n l a r g e m e n t , t h e g r a y m a t t e r i s t h e m o s t e x t e n s i v e l y 

d e v e l o p e d . 

W h e n w e v i e w t h e a p p e a r a n c e o f a n y p o r t i o n o f t h e s p i n a l 

c o r d o n t r a n s v e r s e s e c t i o n , w e w i l l p e r c e i v e t h a t t h e g r a y 

m a t t e r i s a r r a n g e d i n t h e s ame g e n e r a l w a y i n a l l o f i t s d i f f e r 

e n t r e g i o n s . T h i s h a s b e e n c o m p a r e d t o t h e c a p i t a l l e t t e r 

" H , " s i nce i t s t w o l a t e r a l h a l v e s a re c o n n e c t e d t o g e t h e r b v 

a t r a n s v e r s e b a n d , ; < t h e t r a n s v e r s e c o m m i s s u r e o f t h e g r a y 

s u b s t a n c e . " E a c h l a t e r a l h a l f o f t h e g r a y s u b s t a n c e i s 

crescentic i n f o r m , t h u s p r e s e n t i n g a n a n t e r i o r a n d a p o s 

t e r i o r p r o j e c t i o n , t e r m e d t h e anterior a n d posterior Jwrns? 

1 The anterior horns, or cornua, are studded with large characteristic cells, which are 
unipolar or multipolar. Certain of these cells are possessed of a peculiar process, which 
differs from its companions in not branching, and in increasing in size as it passes away 
from the body of the ceil. This is known as the " axis cylinder process," and it is claimed 
that it becomes clothed with myelinc and is directly continuous with the axis cylinder of a 
motor nerve. We owe the discovery of this process in the human being to Dehors ("Un-
tersuchungen iiber Gehirn u. Ruckenmark," 1868), who asserted that it was also to be 
found appended to all central nerve cells; although, in 1S74, R.Wagner (" Ilandwbrter-
buch ") had observed a similar prolongation, sometimes two, in the central nervous organs 
of the torpedo, and Rcmak ("Deutsche Klinik," 1851, Nro. 27) had, in 1854, described 
the same peculiarity of structure in the anterior horn cells of the spinal cord in the ox. 
Deiters has been confirmed by a number of observers, among others by Max Schultze, 
Jolly, Gerlach, Arnold, Kolliker, Arndt, Koschennikoff (see Ilenlc, " Nervenlehrc," 1879, 
§ 29). These cells are distributed in groups, which arc differently situated in different 
regions. (L. C. Gray, "Annals of Anat. and Surg. Soc," Oct., 1880.) 
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t h e f o r m e r o f w h i c h i s b r o a d a n d b l u n t e d , a n d d o e s n o t 

r e a c h t h e s u r f a c e o f t h e c o r d , w h i l e t h e l a t t e r i s t h i n n e r 

a n d m o r e p o i n t e d , a n d a p p r o a c h e s t h e e x t e r i o r s u r f a c e n e a r 

t h e p o i n t o f a t t a c h m e n t o f t h e p o s t e r i o r r o o t s o f t h e s p i n a l 

n e r v e s . 

T h e w h i t e s u b s t a n c e c o n s i s t s o f t h e f o l l o w i n g c o m p o n e n t 

s t r u c t u r e s : 1 , n e r v e f i b e r s ; 2 , b l o o d - v e s s e l s ; a n d 3, c o n n e c 

t i v e - t i s s u e e l e m e n t s . T h e g r a y m a t t e r , c a l l e d a l s o t h e " v e s i c 

u l a r n e u r i n e , " c o n s i s t s , 1, o f n e r v e c e l l s o f v a r i a b l e s h a p e s a n d 

s i z e s ; 2 , n e r v e f i b e r s ; 3, b l o o d - v e s s e l s ; a n d 4, c o n n e c t i v e - t i s 

s u e e l e m e n t s . I n t h e w h i t e s u b s t a n c e , t h e n e r v e f i b e r s a r e 

v a r i a b l e i n p o i n t o f s ize , a n d h a v e a m e d u l l a r y s h e a t h , b u t n o 

i n v e s t i n g m e m b r a n e . I n t h e g r a y m a t t e r t h e n e r v e f i b e r s a r e 

s m a l l , a n d , i n t h e p o s t e r i o r h o r n s , f o r m p l e x u s e s . T h e n e r v e 

c e l l s a r e l a r g e a n d m u l t i p o l a r i n t h e a n t e r i o r h o r n s , a n d 

s m a l l e r i n t h e p o s t e r i o r h o r n s . 

FIG. 111.—Section of the cord below the FIG. 112. — Section of the cervical enlarge-
medulla oblongata. (Sappey.) mcnt of the cord. (Sappey.) 

FIG. 111.—1, anterior median fissure; 2, posterior median fissure; 3, gray commissure, 
much thicker here than lower down; 4, white commissure formed by the decussa
tion of the anterior columns; 5, anterior cornu ; 6, posterior cornu ; 7, lateral cornu. 

FIG. 112.—1, anterior fissure ; 2, posterior fissure : 3, 3, anterior columns of most authors; 
4, 4, lateral columns (these columns in reality pass beyond the anterior cornua, and 
the anterior columns occupy less space than is here allowed them); 5, posterior col
umns ; posterior commissure (here very narrow ) ; 7, reticulated arrangement of the 
gray and white matter at the junction of the two cornua; 8, anterior cornu ; 8, ante
rior cornu, in which the multipolar cells are distributed into three principal groups; y, 
posterior cornu ; 10, fifth pair of cervical nerves. 

Passing through the center of the gray commissure, and 

e x t e n d i n g f o r t h e g r e a t e r p o r t i o n o f t h e l e n g t h o f t h e c o r d , 

DL. 
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m a y be seen a s m a l l c a n a l — t h e central canal of the spinal 

cord? T h a t p o r t i o n o f t h e g r a y c o m m i s s u r e w h i c h l i e s i n 

f r o n t o f t h i s c a n a l m a y be c a l l e d t h e " a n t e r i o r g r a y c o m m i s 

s u r e , " w h i l e t h e p o r t i o n w h i c h l i e s b e h i n d i t i s c a l l e d t h e 

TIG. 113.—Section from the dorsal region FIG. 114.—Section of the lumbar erdarge-
of the cord. (Sappey.) ment of the cord. (Sappey.) 

FIG. 113.—1, anterior fissure; 2, posterior fissure ; 3, anterior column situated within the 
corresponding cornu, and decussating in the median line with the column of the op
posite side ; 4, 4, lateral column reaching to the anterior column, but separated 
from it by no distinct line of demarkation ; 5, posterior column; 6, 7, section of the 
columns of Clarke, situated at the two extremities of the gray commissure, at the 
junction of the anterior and posterior cornua, and containing large multipolar cells ; 
8, anterior cornu; 9, posterior coimu ; 10, posterior root of dorsal nerves. 

FIG. 114.—1, anterior fissure ; 2, posterior fissure ; 3, 3, anterior columns of most authors; 
4, 4, lateral columns of most authors ; 5, posterior column ; 6, gray commissure and 
central canal, and, to the right and left of the latter, the orifices of two longitudinal 
veins; 7, reticulated arraugemcnt of white and gray matter; 8, anterior cornu ; 9, 
posterior cornu; 10, posterior root of the lumbar nerves. 

"posterior gray commissure." In front of the gray commis

sure a band of white nerve substance connects the two lat

eral halves of the cord, to which the term * 'anterior white 

commissure " is applied. 

We can see, by such a transverse section, that the poste

rior horns divide the lateral half of the cord into two great 

subdivisions, the one lying anterior to it being called the 

anterolateral column, and that posterior to it being known 

as the posterior colum n. In the colored plate, which is taken 

from the admirable work of my friend and colleague Profes-

1 This canal is continuous, above, with the fourth ventricle of the brain ; and the aque
duct of Sylvius is considered by some anatomists as a continuation of it above the fourth 
ventricle. 



k 



FIG. 115.—Diagram illustrating the relations of the nerve-filer tracts in the spinal cord. 
The section is supposed to be taken transversely through the lower part of the 
cervical enlargement (slightly modified from Flechsig by Hammond): 

A. Anterior Median Fissure. 
B. Posterior Median Fissure. 
C. Intermediate Fissure. 
D. Anterior Gray Cornu. 
E. Posterior Gray Cornu. 
F. Gray Commissure, with Central Canal. 
G. Uncrossed Pyramidal Tract (Flechsig), or Column of Turck. 
I I . Fundamental Part of the Anterior Column (Anterior Root-Zones of Charcot and his 

pupils). 
I . Anterior Part of Lateral Column. 
K. Crossed Pyramidal Tract of Lateral Column. 
L. Direct Tract from Lateral Column to Cerebellum. 
M. Column of Burdach, Posterior Root-Zones of Charcot and his pupils. 
N. Column of Goll. 

The posterior columns of descriptive anatomy include the fields M and N extending on 
the surface from B to R. The antero-lateral columns extend on the surface from 
R to A. Their anterior division includes the fields G and I I ; their lateral division, 
the fields K, L, and I . 
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s o r H a m m o n d , i t w i l l be , h o w e v e r , p e r c e i v e d t h a t t h e s i m p l e 

a n a t o m i c a l d i v i s i o n s o f t h e c o r d h a v e b e e n m o d i f i e d b y p a t h o 

l o g i c a l r e s e a r c h e s , so t h a t c e r t a i n s p e c i a l r e g i o n s a r e n o w des

i g n a t e d , a n d s o m e a r e n a m e d a f t e r t h e i n v e s t i g a t o r w h o first 

d i s c o v e r e d t h e i r f u n c t i o n . T h u s , t o - d a y , w e m o r e c o m m o n l y 

r e a d o f t h e c o l u m n s o f G o l l , o f T u r c k , o f B u r d a c h , a n d o f t h e 

" a n t e r i o r r o o t z o n e " a n d t h e " p o s t e r i o r r o o t z o n e , " t h a n 

o f t h e a n a t o m i c a l t e r m s w i t h w h i c h y o u a r e d o u b t l e s s m o r e 

f a m i l i a r . T h i s i s n o t w i t h o u t b e n e f i t t o t h o s e w h o e x p e c t t o 

m a s t e r t h e m e c h a n i s m o f t h e s y m p t o m a t o l o g y o f t h e m o r e 

i m p o r t a n t t y p e s o f s p i n a l d i seases , a l t h o u g h i t m a y f o r a 

w h i l e t e n d t o c o n f u s e y o u ; s i n c e t h e s i t u a t i o n o f l e s i o n s c a n 

b e t h u s m o r e s i m p l y e x p r e s s e d t h a n i n a t t e m p t s t o u s e t e r m s 

w h i c h a r e i n a d e q u a t e t o c o n v e y t h e i d e a . T h e a n a t o m i c a l 

s u b d i v i s i o n s o f t h e c o r d a r e f a s t b e c o m i n g o b s o l e t e t e r m s w i t h 

t h e a l i e n i s t , s i n c e t h e y a r e b a s e d u p o n a p u r e l y s t r u c t u r a l 

f o u n d a t i o n , i r r e s p e c t i v e o f t h e p h y s i o l o g i c a l p r o p e r t i e s o f t h e 

d i f f e r e n t p a r t s . 

A f e w w o r d s o f e x p l a n a t i o n o f t h i s s e l e c t e d p l a t e 1 w i l l 

a s s i s t y o u , I t r u s t , i n m a s t e r i n g t h e s e n e w t e r m s so r e a d i l y 

t h a t y o u w i l l b e a b l e t o f o l l o w m y s u b s e q u e n t r e m a r k s w i t h 

as m u c h ease as i f y o u h a d n o t b e e n so l o n g a c c u s t o m e d t o 

t h e t e r m s w h i c h w i l l b e , t o a g r e a t e x t e n t , d i s c a r d e d . Y o u 

w i l l p e r c e i v e t h a t t h e g r a y m a t t e r i s s h o w n w i t h i t s t w o a n t e 

r i o r a n d t w o p o s t e r i o r h o r n s (D a n d E ) ; a n d a l s o t h e a n t e r o 

m e d i a n a n d p o s t e r o - m e d i a n fissures, s e p a r a t i n g t h e c o r d i n t o 

t w o l a t e r a l h a l v e s . I n t h e a n t e r i o r p a r t , l y i n g o n e a c h s i d e o f 

t h e a n t e r o - m e d i a n fissure, a r e seen t h e " c o l u m n s o f T u r c k " 

( G ) , w h i c h a r e a l s o c a l l e d t h e " d i r e c t p y r a m i d a l c o l u m n s , " 

f r o m t h e c o u r s e o f t h e n e r v e fibers w h i c h f o r m t h e m . O n 

e i t h e r s i d e o f t h e s e c o l u m n s , e x t e n d i n g b a c k w a r d t o w a r d t h e 

l i n e o f t h e t r a n s v e r s e c o m m i s s u r e o f t h e c o r d , a r e t h e t w o r e 

g i o n s ( H ) w h i c h , f r o m t h e i r r e l a t i o n t o t h e a n t e r i o r r o o t s , a r e 

c a l l e d t h e " a n t e r i o r r o o t z o n e s . " 2 A s w e p a s s s t i l l f a r t h e r 

b a c k w a r d , w e n e x t m e e t t h e t w o l a t e r a l c o l u m n s ( I ) , w h i c h , 

as y o u w i l l see, a r e l i m i t e d b e h i n d b y t h e p o s t e r i o r h o r n s o f 
1 Sec Fig. 115. 2 Called also the u anterior fundamental column.'1'' 
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g r a y m a t t e r . T h u s t h e a n t e r o - l a t e r a l c o l u m n o f t h e a n a t o 

m i s t h a s a l r e a d y b e e n s p l i t u p i n t o t h r e e d i s t i n c t p o r t i o n s , 

e a c h o f w h i c h i s s p e c i a l l y n a m e d . 1 

T h i s l a t e r a l c o l u m n i s s o m e t i m e s f u r t h e r s u b d i v i d e d i n t o 

t h e " d i r e c t c e r e b e l l a r c o l u m n " a n d t h e " c r o s s e d p y r a m i d a l 

c o l u m n , " as s h o w n i n t h e c o l o r e d p l a t e t a k e n f r o m H a m 

m o n d , a n d a l so i n a n a d m i r a b l e s c h e m a t i c d r a w i n g w h i c h I 

h a v e c o p i e d f r o m S e g u i n . 2 

B e h i n d , a n d a d j o i n i n g t h e p o s t e r i o r h o r n s o f g r a y m a t t e r , 

y o u w i l l see t w o g r e e n i s h - c o l o r e d p o r t i o n s ( M ) , t h e p o s t e r i o r 

r o o t zones, o r t h e " c o l u m n s o f B u r d a c h " ; w h i l e u p o n e i t h e r 

s i d e o f t h e p o s t e r o - m e d i a n f i s s u r e l i e t h e " c o l u m n s o f G o l l " 

( X ) , w h i c h a re c o l o r e d p i n k . 

W e c a n , a g a i n , t h u s p e r c e i v e t h a t t h e " p o s t e r i o r c o l u m n " 

o f t h e s i m p l e r c l a s s i f i c a t i o n , w i t h w h i c h y o u a r e f a m i l i a r , 

c o m p r i s e s t h e " c o l u m n s o f G o l l a n d o f B u r d a c h . " 

p 

A —1— 
6-—Transverse section of the spinal cord and center. (Se 

oblongata and spinal cord. 
- "Medical Record," 18*78. 

1 See researches of Flechsig, of Lcipsic, regarding the course of fibc rs in the medulla 
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FUNCTIONS OF TIIE SPINAL CORD. 

N o w , t h e q u e s t i o n s m a y n a t u r a l l y a r i s e t o y o u r m i n d s : 

W h y i s s u c h a d i g r e s s i o n f r o m p r e v i o u s l y a c c e p t e d t e r m s so 

u n i v e r s a l l y u s e d , i n p r e f e r e n c e t o t h o s e m o r e f a m i l i a r a n d , 

p o s s i b l y , s i m p l e r t e r m s o f n o m e n c l a t u r e ( W h y s h o u l d t h e 

c o l u m n s o f T u r c k , G o l l , a n d B u r d a c h b e s e p a r a t e d f r o m e a c h 

o t h e r w h e n n o a n a t o m i c a l l i n e o f d i v i s i o n s eems t o h a v e b e e n 

c r e a t e d ( I s t h e a r r a n g e m e n t n o t a s t r a i n e d a t t e m p t t o m y s 

t i f y a n d c o n f u s e t h e m e d i c a l s t u d e n t , a n d d o e s a s u f f i c i e n t 

g r o u n d e x i s t f o r so g r e a t a d e p a r t u r e f r o m p r e v i o u s m e t h o d s 

o f d e s c r i p t i o n 2 I n r e p l y t o s u c h a n t i c i p a t e d q u e s t i o n s — a n d 

t h e y h a v e b e e n a s k e d o f m e m a n y t i m e s — I w o u l d r e s p e c t f u l l y 

d r a w y o u r a t t e n t i o n t o s u c h p o i n t s i n t h e p h y s i o l o g y a n d 

p a t h o l o g y o f t h e s p i n a l c o r d as w i l l h e l p t o s h o w y o u t h e 

n e c e s s i t y w h i c h e x i s t e d f o r s u c h m o d i f i c a t i o n s o f p r e v i o u s l y 

f a m i l i a r t e r m s , as w e l l as t h e a d v a n t a g e s w h i c h a r e g a i n e d 

b y t h o s e s u b d i v i s i o n s o f t h e c o r d w h i c h a r e n o w h o u s e h o l d 

w o r d s t o t h e s p e c i a l i s t o n n e r v o u s d i seases . 

I w o u l d first c a l l y o u r a t t e n t i o n t o t h e f a c t t h a t t h e s p i n a l 

c o r d i s a n organ of conduction. T h e m o t o r i m p u l s e s , w h i c h 

a f f e c t t h e m u s c l e s o f t h e d i f f e r e n t p a r t s o f t h e b o d y , a r e u n 

q u e s t i o n a b l y t r a n s m i t t e d t h r o u g h i t f r o m t h e b r a i n t o t h e 

p a r t d e s t i n e d t o b e a c t e d u p o n ; h e n c e w e k n o w t h a t c e n t r i f u 

g a l i m p u l s e s n e e d n o t b e c r e a t e d i n t h e c o r d i t s e l f , b u t m a y 

b e t r a n s m i t t e d f r o m t h e b r a i n . W e see t h i s i l l u s t r a t e d i n t h e 

h e m i p l e g i a s o f c e r e b r a l o r i g i n . W e a l s o h a v e e q u a l l y p o s i t i v e 

p r o o f t h a t c e r t a i n s e n s o r y i m p r e s s i o n s a r e c o n d u c t e d b y 

m e a n s o f t h e s p i n a l c o r d t o t h e b r a i n ; h e n c e , c e n t r i p e t a l i m 

p u l s e s o r i m p r e s s i o n s m u s t p a s s u p w a r d i n s o m e i n s t a n c e s . 

W e see t h i s f a c t v e r i f i e d i n t h e h e m i - a n g e s t h e s i a w h i c h o f t e n 

a c c o m p a n i e s m o t o r p a r a l y s i s o f c e r e b r a l o r i g i n . N o w , i t c a n 

b e s t a t e d , w i t h a n a p p r o a c h t o a c c u r a c y , t h a t i t i s as c e r t a i n l y 

p r o v e d t h a t t h e motor impulses t r a v e l a l o n g t h e anterior half 

o f t h e s p i n a l c o r d , w h i l e t h e p a t h o f sensory impression sis i n 

t i m a t e l y a s s o c i a t e d w i t h t h e posterior half o f t h e s p i n a l c o r d . 

' This statement is only approximately correct, as will be shown in the text of subse
quent pages. 
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I f y o u w i l l d i r e c t y o u r a t t e n t i o n , i n t h e s e c o n d p l a c e , t o 

t h e f a c t t h a t t h e m o t o r fibers f o u n d i n t h e a n t e r i o r r o o t s d o 

n o t d e c u s s a t e 1 u n t i l t h e y r e a c h t h e m e d u l l a o b l o n g a t a , w h i l e 

t h e s e n s o r y fibers f o u n d i n t h e p o s t e r i o r r o o t s a s c e n d i n t h e 

c o l u m n s o f B u r d a c h f o r a s h o r t d i s t a n c e o n l y , w h e n t h e y 

pass i n t o t h e g r a y m a t t e r o f t h e o p p o s i t e h a l f o f t h e c o r d , w e 

c a n u n d e r s t a n d w h y a n y i n t e r f e r e n c e w i t h t h e m o t o r fibers ( i f 

b e l o w t h e m e d u l l a ) p r o d u c e s paralysis on the corresponding 

side, w h i l e a n y i n t e r f e r e n c e w i t h t h e s e n s o r y r o o t s p r o d u c e s 

anesthesia on the opposite side o f t h e b o d y . 

A g a i n , t h e anterodateral columns o f t h e c o r d , w h i c h c o m 

p r i s e t h e p o r t i o n s i t u a t e d b e t w e e n t h e a n t e r o - m e d i a n fissure 

a n d t h e p o i n t o f a t t a c h m e n t o f t h e p o s t e r i o r r o o t s o f t h e 

s p i n a l n e r v e s , a re n o t s e n s i b l e t o a n y f o r m o f d i r e c t i r r i t a t i o n . 2 

T h i s i s a p o i n t o f s o m e c l i n i c a l i n t e r e s t , s ince , i n c e r t a i n m o r 

b i d c o n d i t i o n s , a m a r k e d c h a n g e i n t h i s r e s p e c t o c c u r s , a n d 

t h e i n e x c i t a b l e p o r t i o n s m a y t h e n g i v e r i s e t o a b n o r m a l sensa

t i o n s a n d t o s p a s m o f t h e m u s c l e s . I f t h e s e c o l u m n s b e 

d i v i d e d , voluntary motion i s l o s t i n a l l t h e p a r t s b e l o w t h e 

p o i n t o f s e c t i o n ; w h i l e , i f a l l t h e o t h e r p o r t i o n s o f t h e c o r d 

b e d i v i d e d , l e a v i n g t h e a n t e r o - l a t e r a l c o l u m n s i n t a c t , t h e 

p o w e r o f v o l u n t a r y m o t i o n r ema ins ' . T h e c o l u m n s o f T u r c k 

a n d t h e c r o s s e d p y r a m i d a l c o l u m n s a r e c o l o r e d a l i k e i n t h e 

p l a t e . T h i s i n d i c a t e s a p r o b a b l e s i m i l a r i t y o f f u n c t i o n be

t w e e n these t w o s u b d i v i s i o n s o f t h e c o r d . 

T h e gray matter of the cord seems t o be m o s t i n t i m a t e l y 

a s s o c i a t e d w i t h t h e t r a n s m i s s i o n o f sensory impressions t o 

t h e b r a i n , a n d t h a t p o r t i o n w h i c h l i e s i n c lose r e l a t i o n t o t h e 

c e n t r a l c a n a l o f t h e c o r d i s a p p a r e n t l y t h e m o s t i m p o r t a n t 

o f t h e t r a n s m i t t o r y a p p a r a t u s . 3 I f t h e e n t i r e g r a y s u b s t a n c e 

o f t h e c o r d be d i v i d e d , l i t t l e o r n o i n j u r y b e i n g d o n e t o t h e 

1 As regards this point, Brown-Sequard says : " In animals, there seems to be in the 
spinal cord itself a decussation of a few of the motor conductors." I do not think, how
ever, that such a decussation can, as yet, be verified in man. I f such decussation does 
exist, it is present only in the cervical region, and not in the dorsal and lumbar regions. 

2 The experiments of Vulpian seem to prove that the internal portion of the anterior 
column docs exhibit a trace of excitability in the normal state. 

3 The experiments of Brown-Sequard seem to warrant this conclusion. Very little 
gray matter may, therefore, suffice to convey all sensory impressions. 
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w h i t e s u b s t a n c e , a l l p o w e r o f p e r c e i v i n g s e n s a t i o n s s eems t o 

b e d e s t r o y e d b e l o w t h e p o i n t o f s e c t i o n . I n a d d i t i o n t o t h i s 

f u n c t i o n , t h e g r a y m a t t e r o f t h e c o r d s e e m s t o e x e r t a c o n 

t r o l l i n g i n f l u e n c e u p o n t h e n u t r i t i o n o f m u s c l e s a n d o t h e r 

t i s s u e s , s i n c e , w h e n t h e a n t e r i o r p o r t i o n b e c o m e s t h e sea t o f 

d i sease , t h e m u s c l e s o f t e n u n d e r g o a t r o p h y , a n d o c c a s i o n a l l y 

j o i n t d i seases d e v e l o p . T h i s s o - c a l l e d " trophic function" i s 

n o t y e t t h o r o u g h l y u n d e r s t o o d . F i n a l l y , t h e g r a y m a t t e r o f 

t h e c o r d i s k n o w n t o e m b r a c e s e v e r a l c e n t e r s , t h e t w o m o s t 

i m p o r t a n t o f w h i c h a r e t h e cilio-spinal center a n d t h e genito

urinary center. T h e f o r m e r o f t h e s e i s s i t u a t e d i n t h e c e r v i 

c a l r e g i o n , a t i t s l o w e s t p a r t , 1 a n d e x e r t s a n i n f l u e n c e u p o n 

t h e p u p i l o f t h e e y e a n d t h e s k i n o f t h e f a c e a n d n e c k ; 

h e n c e i t i s o f t e n a v a l u a b l e g u i d e t o d e t e r m i n e t h e h e i g h t o f 

a l e s i o n i n t h e s p i n a l c o r d , s i n c e t h e p u p i l s s h o w c h a n g e s 

w h e n i t i s i n v o l v e d t h a t a r e o f v a l u e t o t h e d i a g n o s t i c i a n . 

T h e l a t t e r c e n t e r ( g e n i t o - u r i n a r y ) i s s i t u a t e d i n t h e d o r s o -

l u m b a r p o r t i o n o f t h e c o r d , a n d o f t e n c r e a t e s s y m p t o m s , 

w h e n d i s e a s e o f t h e c o r d e x i s t s , r e f e r a b l e t o t h e b l a d d e r a n d 

g e n i t a l o r g a n s . C e r t a i n s m a l l e r c e n t e r s , h a v i n g a v a s o - m o t o r 

f u n c t i o n , a r e d e s c r i b e d b y s o m e a u t h o r s ; b u t t h e i r s i t u a t i o n 

a n d s p e c i a l f n n c t i o n s are* e i t h e r u n k n o w n o r o f l i t t l e p r a c t i c a l 

u t i l i t y i n d i a g n o s i s , w h i l e t h e p h y s i o l o g i c a l c e n t e r s o f t h e 

c o r d a re , as y e t , a m a t t e r d e s e r v i n g f u r t h e r i n v e s t i g a t i o n be 

f o r e a n y p o s i t i v e s t a t e m e n t s c a n b e m a d e c o n c e r n i n g t h e m . 

I n t h e p o s t e r i o r c o l u m n o f t h e c o r d , c o m p r i s i n g t h e c o l 

u m n s o f G o l l a n d o f B u r d a c h , t h e r e e x i s t s a c e r t a i n a m o u n t 

o f white substance, w h o s e f u n c t i o n seems t o b e c h i e f l y t o a c t 

as commissural fibers b e t w e e n c e r t a i n p o r t i o n s o f t h e s p i n a l 

1 The researches of Waller, Budge, and Brown Sequard would indicate the limits of 
this center between the fifth cervical and second dorsal vertebrae. I t exists in each lat
eral half of the cord. I t presides over the vaso-motor nerves for the vessels of the cor
responding eye and side of the face and neck. Vulpian places its limits as low as the 
fourth dorsal, and Claude Bernard as low as the seventh dorsal, while Schiff carries its 
limits as high as the medulla itself. 

Vulpian's conclusions indicate the gray matter of the cord as positively incapable of 
excitability ; but he attributes slight excitability to the anterior fasciculi of the cord and 
great excitability to the posterior columns. In these deductions, he differs somewhat 
from the results of Chauveau, made, in 1861, upon the domestic animals. 
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c o r d . T h i s p o r t i o n h a s a l so s o m e i m p o r t a n t r e l a t i o n t o t h e 

power of coordination o f m u s c u l a r m o v e m e n t , s ince d isease 

o f t h i s r e g i o n o f t h e c o r d i s f o l l o w e d o r a c c o m p a n i e d b y d i s 

o r d e r s o f m o t i o n , c a l l e d a t a x i c s y m p t o m s , w h i c h a re n o t d u e 

t o p a r a l y s i s . 

L i k e t h e c e r e b r u m , t h e s p i n a l c o r d h a s t h e i n h e r e n t p o w e r 

o f p r e s i d i n g o v e r c e r t a i n m u s c u l a r ac t s . I t i s n o w q u i t e c o n 

c l u s i v e l y p r o v e n t h a t t h e a u t o m a t i c ac t s o f w a l k i n g , s t a n d i n g , 

s w i m m i n g , a n d , t o s o m e e x t e n t , p l a y i n g u p o n m u s i c a l i n s t r u 

m e n t s , d r e s s i n g , e tc . , a r e l a r g e l y c o n t r o l l e d b y t h e s p i n a l c o r d 

a l o n e . I t i s u n q u e s t i o n e d t h a t c e r t a i n o f t h e s e ac t s c a n b e 

m a d e so m e c h a n i c a l t h a t t h e s p i n a l c o r d i s s l o w l y a n d p a i n 

f u l l y e d u c a t e d t o p e r f o r m t h e m w i t h o u t a n y a i d f r o m t h e 

c e r e b r u m . I t i s n o t g e n e r a l l y a c c e p t e d , h o w e v e r , t h a t t h e 

g r a y m a t t e r o f t h e c o r d h a s a n y t h i n g t o d o w i t h t h e a t t r i b u t e 

o f consc iousnes s . 

FIBERS OF THE SPINAL CORD. 

T h e r e a re p r o b a b l y t h r e e v a r i e t i e s o f f i b e r s w i t h i n t h e s u b 

s t ance o f t h e s p i n a l c o r d , v i z . , m o t o r f i b e r s , s e n s o r y f i b e r s , 

a n d c o m m i s s u r a l fibers. E a c h o f t h e s e h a s b e e n a l r e a d y m e n 

t i o n e d , a n d some p o i n t s o f g e n e r a l i n t e r e s t p e r t a i n i n g t o t h e i r 

s i t u a t i o n a n d f u n c t i o n h a v e b e e n g i v e n ; b u t t h e r e a r e s t i l l 

s ome p o i n t s w h i c h m u s t b e u n d e r s t o o d b e f o r e w e a r e a b l e t o 

i n t e l l i g e n t l y d i s c u s s t h e s y m p t o m s o f s p i n a l a f f e c t i o n s . 

T h e motor fibers a r e c o n t a i n e d i n t h e a n t e r i o r r o o t s o f t h e 

s p i n a l n e r v e s a n d escape f r o m t h e s u b s t a n c e o f t h e c o r d i n 

t h e r e g i o n o f t h e a n t e r i o r h o r n s o f g r a y m a t t e r . I f w e t r a c e 

t h e m f r o m t h e n e r v e t r u n k t o w a r d t h e c e n t e r o f t h e c o r d , w e 

s h a l l find t h a t t h e y p e n e t r a t e t h e a n t e r i o r h o r n s , a n d a r e i n 

i m m e d i a t e c o n n e c t i o n w i t h t h e prolongcdions of the motor 

cells o f t h a t p o r t i o n o f t h e g r a y m a t t e r . C e r t a i n m o t o r fibers 

c a n be a l so t r a c e d t o w a r d t h e b r a i n , p a s s i n g u p w a r d i n t h e a n 

t e r i o r p o r t i o n o f t h e w h i t e s u b s t a n c e o f t h e c o r d , w h i l e p r o 

l o n g a t i o n s o f t h e m o t o r c e l l s o f t h e g r a y m a t t e r a r e a l s o f o u n d 

1 The cerebellum lias also much to do with the coordination of muscular movements 
The reader is, therefore, referred to page 64 of this volume. 
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t o b e a s s o c i a t e d w i t h t he se f i b e r s , w h i c h a s c e n d t o t h e b r a i n i n 

t h e w h i t e s u b s t a n c e . N o w , t h i s c o n n e c t i o n b e t w e e n t h e m o t o r 

f i b e r s a n d t h e n e r v e ce l l s , a n d t h e s e c o n d c o n n e c t i o n o f t h e 

ce l l s w i t h f i b e r s g o i n g t o t h e b r a i n , w o u l d seem t o s u g g e s t t h e 

p l e a s i n g h y p o t h e s i s t h a t t h e m o t o r i m p u l s e s a r e s e n t f i r s t f r o m 

t h e b r a i n t o t h e ce l l s o f t h e c o r d , a n d f r o m t h e m , t h r o u g h t h e 

m o t o r ne rves , t o t h e m u s c l e s ; a n d t h a t , w h e n t h e c o r d i s 

t a u g h t t o p e r f o r m c e r t a i n a u t o m a t i c ac t s w i t h o u t t h e i n t e r v e n 

t i o n o f c e r e b r a l a c t i o n , these ce l l s t h e m s e l v e s a r e t h e e x c i t i n g 

o r g a n s o f t h e m o t o r i m p u l s e s ( s i nce t h e y a r e t h e e l e m e n t s 

w h i c h a re m o s t p r o b a b l y c o n c e r n e d i n t h e r e f l e x m o v e m e n t s 

o f t h e s p i n a l c o r d ) . W e k n o w t h a t t h e l e g s o f a f r o g c a n b e 

m a d e t o p e r f o r m m u s c u l a r m o v e m e n t s a f t e r t h e h e a d h a s b e e n 

t a k e n o f f , b y s i m p l y s t i m u l a t i n g t h e s e n s o r y n e r v e s ; a n d w e 

see t h e s ame r e f l e x m o v e m e n t s o c c u r r i n g i n p a r a l y z e d l i m b s , 

w h i c h a re o u t o f t h e v o l u n t a r y c o n t r o l o f t h e b r a i n . T o e x 

p l a i n t hese p h e n o m e n a , w e m u s t b e l i e v e t h a t t h e m o t o r c e l l s 

o f t h e c o r d a re c a p a b l e , w h e n c a l l e d u p o n , o f p e r f o r m i n g m a n y 

m u s c u l a r ac ts , s o m e o f w h i c h w o u l d seem t o o c o m p l e x f o r s p i 

n a l c o n t r o l w i t h o u t c e r e b r a l ass i s tance , as w a l k i n g , s w i m m i n g , 

p l a y i n g u p o n m u s i c a l i n s t r u m e n t s , e tc . B y r e f e r r i n g t o t h e 

d i a g r a m , 1 w h i c h i s s h o w n y o u u p o n t h e b l a c k b o a r d , w h e r e a 

m u l t i p o l a r s p i n a l c e l l i s m a g n i f i e d , y o u w i l l e a s i l y u n d e r s t a n d 

h o w the se v a r i o u s p o l e s c a n b e c o n n e c t e d w i t h c e r t a i n m o t o r , 

a n d p r o b a b l y , a lso , w i t h s e n s o r y fibers ; h e n c e , i t c a n b e seen 

t h a t t h e c e l l m a y r e c e i v e c e r t a i n s e n s o r y i m p r e s s i o n s f r o m 

s o m e p o l e s a n d s e n d o u t c e r t a i n m o t o r i m p u l s e s t o t h e m u s 

cles b y m e a n s o f o t h e r s , t h u s a c c o u n t i n g f o r t h e m u s c u l a r 

m o v e m e n t s w h i c h f o l l o w t h e i r r i t a t i o n o f s e n s o r y n e r v e s . 

T h e sensory fibers e n t e r t h e c o r d a t t h e p o s t e r i o r r o o t s o f 

t h e s p i n a l n e r v e s . T h e y a r e i n t i m a t e l y c o n n e c t e d w i t h t h e 

p o s t e r i o r h o r n s o f t h e g r a y m a t t e r . T h e y p r o b a b l y a s c e n d 

a n d d e s c e n d i n t h e c o l u m n s o f B u r d a c h f o r a c e r t a i n d i s t a n c e , 

a n d t h e n decussa t e . T h e d e c u s s a t i o n o f t h e s e n s o r y fibers i s 

a c c o m p l i s h e d e i t h e r b y t h e p a s s i n g o f t h e fibers t h e m s e l v e s t o 

t h e o p p o s i t e s i d e o f t h e c o r d , o r b y t h e p r o l o n g a t i o n o f s o m e 
1 Sec Figs. 117 and 118 of this volume. 
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FIG. 118.—Multipolar nerve cell from the anterior cornu of the spinal cord of the ox ; 
magnified 200 diameters. (Deiters.) 
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o f t h e p o l e s o f t h e s p i n a l c e l l s i n t o t h e g r a y m a t t e r o f t h e 

o p p o s i t e s i de . T h e d e c u s s a t i o n p r o b a b l y t a k e s p l a c e e x c l u 

s i v e l y i n t h e g r a y m a t t e r . W h i l e t h i s d e c u s s a t i o n seems 

p o s i t i v e l y p r o v e n b y a l l p h y s i o l o g i c a l e x p e r i m e n t , l i t t l e o f a 

p o s i t i v e c h a r a c t e r has , as y e t , b e e n s h o w n b y a c t u a l a n a t o m i 

c a l d e m o n s t r a t i o n . T h e s e n s o r y n e r v e s a r e i n c o m m u n i c a t i o n 

w i t h t h e c o r t e x o f t h e e n c e p h a l o n , p r o b a b l y , b y m e a n s o f t h e 

g r a y m a t t e r o f t h e s p i n a l c o r d , w h i c h ac t s as a c o n d u c t i n g 

m e d i u m f o r t h e c e n t r i p e t a l i m p u l s e s . A s b e f o r e m e n t i o n e d , 

t h e g r a y m a t t e r w h i c h surrounds the central canal o f t h e 

s p i n a l c o r d seems t o b e t h e c h i e f c h a n n e l f o r t h e t r a n s m i s s i o n 

o f s e n s o r y i m p r e s s i o n s f r o m t h e t r u n k a n d t h e e x t r e m i t i e s t o 

t h e b r a i n . T h u s w e a p p a r e n t l y h a v e i n t h e s p i n a l c o r d a 

FIG. 119.—Transverse section of the gray substance of the anterior cornua of the spinal cord 
of the ox, treated with nitrate of silver. (Grandly.) 

c o n d u c t i n g s h a f t , t o w h i c h t h e s e n s o r y n e r v e s b e c o m e j o i n e d , 

a n d w h i c h c o n d u c t s t h e i m p r e s s i o n s r e c e i v e d t h r o u g h t h e m 

t o t h e g a n g l i a o r t h e c o r t e x o f t h e e n c e p h a l o n . I t i s e v i 

d e n t , t h e r e f o r e , t h a t t h e s e n s o r y n e r v e s a r e n o t c o n t i n u o u s 
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f i b e r s b e t w e e n t h e b r a i n a n d t h e p a r t s t o w h i c h t h e y a r e d i s 

t r i b u t e d , i n w h i c h r e s p e c t t h e y d i f f e r s o m e w h a t f r o m t h e 

m o t o r n e r v e s , w h o s e f i b e r s a r e i n d i r e c t l y c a r r i e d t o t h e b r a i n , 

a l t h o u g h t h e m o t o r c e l l s o f t h e c o r d a r e 

p r o b a b l y i n t e r p o s e d . 

T h e commissural fibers o f t h e c o r d 

p r o b a b l y e x i s t i n t h e w h i t e s u b s t a n c e o f 

t h e p o s t e r i o r c o l u m n s . 3 T h e s p i n a l c o r d 

m a y p r o p e r l y b e c o n s i d e r e d as a m a s s o f 

s u p e r i m p o s e d g a n g l i a ; h e n c e , a g r e a t n e 

c e s s i t y e x i s t s f o r c e r t a i n f i b e r s w h i c h s h a l l 

t e n d t o u n i t e t h e d i f f e r e n t p a r t s , a n d t h u s 

c o n d u c e t o t h e p e r f e c t h a r m o n y o f a c t i o n 

o f t h e w h o l e . I t i s n o t p o s s i b l e t o de 

m o n s t r a t e t h e e x i s t e n c e a n d e x a c t s i t u a 

t i o n o f s u c h f i b e r s , b u t a l l p h y s i o l o g i c a l 

a n d p a t h o l o g i c a l d e d u c t i o n s s e e m t o sus

t a i n t h i s h y p o t h e s i s . T h e s e f i b e r s h a v e , 

p r o b a b l y , a m o s t i m p o r t a n t i n f l u e n c e 

i n t h e p r o p e r c o o r d i n a t i o n o f m u s c u l a r 

m o v e m e n t . 

T h e a b o v e d i a g r a m i l l u s t r a t e s , i n a v e r y s i m p l e w a y , t h e 

g e n e r a l c o u r s e o f t h e m o t o r a n d s e n s o r y p a t h s o f t h e s p i n a l 

c o r d . T h e o u t e r l i n e s o f t h e d i a g r a m s h o w t h e g e n e r a l o u t 

l i n e o f t h e s p i n a l c o r d , w h i c h m e r g e s i n t o t h e m e d u l l a o b l o n 

g a t a , a b o v e ; w h i l e t h e m o t o r f i b e r s a r e d e s i g n a t e d b y t h e l e t 

t e r M , a n d t h e s e n s o r y f i b e r s b y t h e l e t t e r S, b o t h w h e r e t h e y 

e n t e r t h e s p i n a l c o r d a n d w h e r e t h e y e scape f r o m i t . T h i s 

d i a g r a m s h o w s t h a t botli the sensory and motor fibers decus

sate ; b u t t h a t t h e m o t o r f i b e r s c ro s s i n t h e m e d u l l a o b l o n g a t a 

o n l y , w h i l e t h e s e n s o r y f i b e r s c ros s s o o n a f t e r t h e y e n t e r t h e 

s p i n a l c o r d , w h e n t h e y j o i n w i t h t h e g r a y m a t t e r , a n d u s e 

t h a t as a m e a n s o f t r a n s m i t t i n g t h e i r s e n s o r y i m p r e s s i o n s t o 

t h e b r a i n . T h e d i a g r a m a l s o s h o w s t h a t t h e s e n s o r y f i b e r s 

s p r i n g f r o m t h e p o s t e r i o r r o o t s o f t h e s p i n a l n e r v e s , s i n c e t h e 

FIG. 120.— Course of motor 
and sensor 1/ paths in the 
spinal cord. (Brown-
Sequard.) 

D, decussation of pyramids ; 
M, motor paths ; S, sen
sory paths. 

1 A. Flint, Jr., op. cit. The experiments made to prove this point may be found in 
almost any of the later treatises on physiology. 
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g a n g l i o n i c e n l a r g e m e n t i s d e p i c t e d u p o n t h e s e n s o r y f i b e r s as 

t w o s m a l l b l a c k d o t s . N o w , i t i s e a sy t o u n d e r s t a n d , b y 

m e a n s o f t h i s d i a g r a m , w h y a n y l e s i o n above the medulla ob

longata m u s t p r o d u c e a l l o f i t s s y m p t o m s o n t h e s i d e o f t h e 

b o d y o p p o s i t e t o t h a t o f t h e e x c i t i n g cause , s ince t h e m o t o r 

a n d s e n s o r y f i b e r s b o t h decussa t e b e l o w t h a t p o i n t ; 1 w h i l e i t 

a l so s h o w s t h a t a n y l e s i o n below the medulla oblongata m u s t 

p r o d u c e m o t o r s y m p t o m s u p o n t h e s ame s i d e as t h e l e s i o n , 

a n d , p r o b a b l y , s e n s o r y m a n i f e s t a t i o n s u p o n t h e s i d e o p p o s i t e 

t o i t , s i nce these l a t t e r fibers decus sa t e f o r t h e e n t i r e l e n g t h 

FIR. 123 — Nerve cell from the ferruginous substance ivhich forms the floor of the rhom-
boulal sinus, in man ; magnified 350 diameters. (Kolliker.) 

of the spinal cord. In all spinal lesions, causing motor paral

y s i s , t h e b o d y i s a f f e c t e d b e l o w t h e p o i n t o f d isease , s i n c e t h e 

c o n d u c t i n g fibers t o t h e b r a i n a r e c u t o f f ; w h i l e , i n l e s i o n s o f 

t h e p o s t e r i o r p o r t i o n o f t h e s p i n a l c o r d , t h e n e r v e s o f t h a t 

1 This is not absolutely true, as all of the motor fibers do not decussate in the 
medulla. The reader is referred to page 327 of this volume for the results of the investi
gations of Flechsig. 



THE SPIXAL COED AS A NERVE CEXTER. 309 

r e g i o n m a y b e r e n d e r e d i n c a p a b l e o f a c t i o n , b u t t h e p a r t s 

b e l o w m a y b e s t i l l c a p a b l e o f p e r c e i v i n g s e n s o r y i m p r e s s i o n s , 

p r o v i d e d t h a t t h e g r a y m a t t e r i s l e f t i n t a c t , o r s u f f i c i e n t o f i t 

r e m a i n s t o a c t as a c o n d u c t i n g m e d i u m t o t h e b r a i n . 

T h e commissural fibers o f t h e s p i n a l c o r d a r e n o t d e p i c t e d 

i n t h i s d i a g r a m o f B r o w n - S e q u a r d , s i n c e l i t t l e i s p o s i t i v e l y 

k n o w n as t o t h e i r e x a c t s i t u a t i o n o r f u n c t i o n . A s t h e y a r e 

p r o b a b l y c o n f i n e d l a r g e l y t o t h e p o s t e r i o r h a l f o f t h e s p i n a l 

c o r d , a n d as t h e y a r e a l s o p r o b a b l y i n t i m a t e l y a s s o c i a t e d w i t h 

t h e c o o r d i n a t i o n o f m o v e m e n t , i t i s n o t d i f f i c u l t t o see w h y 

t h e s y m p t o m s o f anesthesia a n d ataxia s h o u l d m a r c h h a n d 

i n h a n d , w h e n t h e s p i n a l c o r d i s d i s e a s e d i n t h i s r e g i o n ; a n d 

w h y neuralgic pains s h o u l d b e c r e a t e d b y t h e i r r i t a t i o n t o 

t h e s e n s o r y n e r v e s , r a t h e r t h a n m u s c u l a r s p a s m , w h i c h w o u l d 

o n l y e x i s t i f t h e m o t o r n e r v e s w e r e i r r i t a t e d . T h i s g e n e r a l 

s u b j e c t w i l l , h o w e v e r , b e m o r e f u l l y d i s c u s s e d i n c o n n e c t i o n 

w i t h t h e c l i n i c a l a s p e c t s o f l o c o m o t o r a t a x i a a n d d e g e n e r a 

t i o n o f t h e p o s t e r i o r p o r t i o n o f t h e c o r d ( t h e c o l u m n s o f G o l l 

a n d B u r d a c h ) . 

F i n a l l y , t w o p o i n t s a r e e s p e c i a l l y e v i d e n t i n r e s p e c t t o t h e 

n e r v e f i b e r s o f t h e s p i n a l c o r d . T h e s e m a y b e s t a t e d as d i s 

t i n c t p r o p o s i t i o n s : 

1 . T h e n e r v e f i b e r s o f t h e a n t e r i o r r o o t s h a v e less n u m e r 

o u s c o n n e c t i o n s w i t h t h e c e l l s o f t h e g r a y s u b s t a n c e o f t h e 

c o r d t h a n a r e p o s s e s s e d b y t h o s e o f t h e p o s t e r i o r r o o t s . 

2. T h e m o r p h o l o g i c a l d i s t i n c t i o n b e t w e e n t h e f i b e r s o f t h e 

a n t e r i o r a n d p o s t e r i o r r o o t s i s , t h a t t h e f o r m e r a r e d i r e c t l y 

a t t a c h e d t o t h e n e r v e c e l l s b y m e a n s o f t h e i r n e r v e p r o l o n g a 

t i o n s , w h i l e t h e l a t t e r a r e o n l y i n d i r e c t l y a t t a c h e d t o t h e n e r v e 

ce l l s , s i n c e t h e y f o r m n e r v e p l e x u s e s b e f o r e b e c o m i n g - u n i t e d 

A v i t h t h e p r o l o n g a t i o n s o f t h e n e r v e c e l l s . 1 

THE SPIXAL COED AS A XERVE CEXTER. 

I f t h e c o r d b e s e p a r a t e d f r o m t h e b r a i n i n a l i v i n g a n i m a l , 

i t m a y s t i l l a c t as a n e r v e c e n t e r , i n d e p e n d e n t l y o f t h e b r a i n ; 

b u t , s i n c e t h e s p i n a l c o r d i s t h e n i n c o m m u n i c a t i o n o n l y w i t h 

1 A. Flint, Jr., op. cit. 
22 
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t h e n e r v e s w h i c h a r i s e f r o m i t , i t c a n o n l y a f f e c t t h e s p i n a l 

ne rves , a n d n o t t h o s e o f c r a n i a l o r i g i n . T h i s a u t o m a t i c ac

t i o n o f t h e s p i n a l c o r d i s o f a p u r e l y reflex type u n d e r s u c h 

c o n d i t i o n s . I t c a n b e d e m o n s t r a t e d b y e x c i t i n g s o m e o n e o f 

t h e s e n s o r y n e r v e s , w h e n a m u s c u l a r r e s p o n s e w i l l b e c r e a t e d ; 

h e n c e t h e t e r m " e x c i t o - m o t o r " i s o f t e n a p p l i e d t o t h i s t y p e 

o f m a n i f e s t a t i o n , w h e t h e r o c c u r r i n g d u r i n g l i f e , as t h e r e s u l t 

o f d isease o r p e r i p h e r a l i r r i t a t i o n , o r a f t e r d e a t h , as i n t h e 

p h y s i o l o g i c a l e x p e r i m e n t a l l u d e d t o . T h e r e a r e c e r t a i n a c t s 

w h i c h a re c o n s t a n t l y o c c u r r i n g i n t h e b o d y , s u c h as t h e m o v e 

m e n t s o f t h e p u p i l s , o f t h e i n t e s t i n a l c a n a l , o f r e s p i r a t i o n , 

e tc . , w h i c h a r e p r o p e r l y c l a s sed as r e f l e x i n t y p e , b u t w h i c h 

a r e n o t d e p e n d e n t u p o n t h e s p i n a l c o r d a l o n e . I n f a c t , a l l 

ac t s a re c l a s sed as b e l o n g i n g t o t h e r e f l e x t y p e , w h i c h a r e t h e 

direct result o f s o m e f o r m o f sensory irritation; b u t t h e 

t e r m i s g e n e r a l l y u s e d , i n d i s c u s s i n g t h e s p i n a l c o r d , i n i t s 

m o s t r e s t r i c t e d sense, w h e r e t h e m u s c u l a r a c t i s p u r e l y i n 

v o l u n t a r y , t h e r e s u l t o f s o m e d i r e c t i r r i t a t i o n o f a s e n s o r y 

s p i n a l n e r v e , a n d c o n f i n e d t o r e g i o n s o f t h e b o d y o v e r w h i c h 

t h e s p i n a l c o r d e x e r t s a d i r e c t i n f l u e n c e . T h u s , w e o f t e n see 

t h e m u s c l e s o f a p a r a l y z e d l i m b s u d d e n l y t h r o w n i n t o i n 

v o l u n t a r y a n d u n e x p e c t e d c o n t r a c t i o n , w h e n a d r a u g h t o f 

c o l d a i r s t r i k e s t h e s k i n , o r w h e n a n y f o r m o f i r r i t a t i o n i s d i 

r e c t l y a p p l i e d t o i t ; w h i l e s u c h s p a s m s a r e c o m m o n i n c e r t a i n 

f o r m s o f s p i n a l d isease w h i c h t e n d t o c r e a t e i r r i t a t i o n o f t h e 

s p i n a l s t r u c t u r e s , i r r e s p e c t i v e o f a n y a p p a r e n t e x c i t i n g cause . 

W e h a v e a l r e a d y r e f e r r e d t o c e r t a i n vaso-motor centers1 

1 The vaso-motor nerves for the trunk, extremities, and abdominal viscera probably 
originate in the following manner (see researches of Vulpian, Sehiff, Cyon, Claude Ber
nard, and the later researches of Dastre, Laffont, and Morat) : 

Those for the upper extremities arc derived— 
1. From the inferior cervical and superior thoracic ganglion, uniting at the brachial 

plexus, close to the first rib ; 
2. From the nerve roots of the brachial plexus ; 
3. From the thoracic cord of the sympathetic, and from the nerve roots of the third, 

fourth, fifth, sixth, and seventh dorsal nerves, principally from the third and seventh. 
Those for the lower extremities proceed— 
1. From the spinal cord with the sciatic and crural nerves: 
2. From the abdominal cord of the sympathetic. 
The abdominal viscera arc supplied with fibers arising from a considerable length of 
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w h i c h e x i s t i n t h e s u b s t a n c e o f t h e s p i n a l c o r d , t h e t w o m o s t 

i m p o r t a n t o f w h i c h a r e t h e c i l i o - s p i n a l c e n t e r a n d t h e c e n t e r 

f o r t h e g e n i t o - u r i n a r y a p p a r a t u s . T h e f o r m e r o f t h e s e i s 

s i t u a t e d i n t h e c e r v i c a l r e g i o n , a n d e x e r t s s o m e m a r k e d e f f e c t s 

u p o n t h e e y e , f a c e , a n d n e c k ; w h i l e t h e l a t t e r i s s i t u a t e d i n 

t h e d o r s o - l u m b a r r e g i o n o f t h e c o r d . I f t h e m e d u l l a o b l o n 

g a t a b e c o n s i d e r e d as t h e u p p e r e x p a n s i o n o f t h e s p i n a l c o r d 

( a n d t h e r e a r e m a n y a n a t o m i c a l r e a s o n s f o r t h u s c o n s i d e r i n g 

i t ) , a l l t h e c e n t e r s m e n t i o n e d as s i t u a t e d i n t h a t g a n g l i o n m a y 

b e i n c l u d e d a m o n g t h e s p i n a l c e n t e r s o f a u t o m a t i c a c t i o n . 

S o m e a u t h o r s h a v e g o n e so f a r as t o l o c a t e i n t h e s p i n a l c o r d 

c e r t a i n c e n t e r s w h i c h p r e s i d e o v e r t h e a c t s o f m i c t u r i t i o n , d e 

f e c a t i o n , p a r t u r i t i o n , e r e c t i o n , e t c . , a n d e x p e r i m e n t seems t o 

g i v e r e a s o n t o h o p e t h a t a m o r e d e f i n i t e g r o u n d w i l l b e a f 

f o r d e d f o r s u c h b e l i e f , a l t h o u g h l i t t l e o f a p o s i t i v e c h a r a c t e r 

c a n as y e t b e g i v e n i n r e g a r d t o t h e i r s i t u a t i o n . 

I t h a s a l s o b e e n c l a i m e d t h a t t h e s p i n a l n e r v e s e x e r c i s e a 

t o n i c a c t i o n o v e r t h e m u s c l e s w h i c h m o v e t h e d i f f e r e n t p o r 

t i o n s o f t h e s k e l e t o n , i n t h e s a m e w a y as t h e v a s o - m o t o r 

n e r v e s e x e r c i s e s u c h a p o w e r o v e r t h e m u s c u l a r f i b e r s i n t h e 

coa t s o f t h e b l o o d - v e s s e l s ; a n d c e r t a i n e x p e r i m e n t a l p h e n o 

m e n a , c h i e f l y t h e g a p i n g o f a w o u n d i n m u s c u l a r t i s s u e , h a v e 

b e e n a d v a n c e d t o s u s t a i n t h i s t h e o r y . I t i s n o t , h o w e v e r , 

f u l l y s u s t a i n e d b y a l l t h e f a c t s , 1 a n d i s n o t g e n e r a l l y ac

c e p t e d b y t h e l e a d i n g p h y s i o l o g i s t s . 

W e h a v e c o m e t o l e a r n t h a t e a c h g r o u p o f c e l l s — p e r h a p s 

e a c h c e l l — i n t h i s g r a y m a t t e r r e p r e s e n t s a c e r t a i n k i n d o f 

i n t e l l i g e n c e ; 2 a n d t h a t t h e s e c e l l s a r e p r o b a b l y i n c o m m u n i 

c a t i o n w i t h o n e a n o t h e r b y m e a n s o f w h i t e fibers. I t i s t h e 

s u m t o t a l o f t h e s e i n t e l l i g e n c e s t h a t i m p a r t s t o t h e c o r d i t s 

c h a r a c t e r i s t i c s as a n o r g a n . A s e a c h o n e o f t h e s e c e l l u l a r 

the dorsal and lumbar cord, and running within the sheath of the splanchnic nerve, as 
well as by fibers from the abdominal cord of the sympathetic. 

The vaso-motor nerves of the head and face take their origin from what is known as 
the " cilio-spinal center," and when this center is destroyed there ensues a marked 
dilatation of the capillaries of the head and face. 

1 For the discussion as to the merits and demerits of this theory, the reader is re 
ferrcd to the late text-book of Michael Foster on physiology. 

2 L. C. Gray, "Annals of Anatomical and Surgical Society," October, 1880. 
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g r o u p s a n d i t s i n h e r e n t i n t e l l i g e n c e i s m o r e o r less i n d e p e n d 

e n t o f a l l o t h e r s , so t h e c o m b i n e d i n t e l l i g e n c e o f t h e c o r d ' s 

g r a y m a t t e r i s i n d e p e n d e n t o f t h e c o m b i n e d i n t e l l i g e n c e o f 

o t h e r c o l l e c t i o n s o f g r a y m a t t e r ; a n d i t i s a r e c o g n i z e d f a c t 

t h a t t h e s p i n a l c o r d has a " f u n c t i o n " o f i t s o w n . T h i s has 

b e e n e x e m p l i f i e d b y e x p e r i m e n t s u p o n h e a d l e s s f r o g s a n d de

c a p i t a t e d h u m a n b e i n g s . C u t o f f t h e h e a d o f a f r o g , p e r m i t 

i t t o r e c o v e r f r o m t h e s h o c k o f t h e o p e r a t i o n , t h e n p i n c h i t s 

s k i n , a n d i t w i l l h o p a w a y ; o r , t h r o w i t i n t o w a t e r , a n d i t 

w i l l s w i m . P l a c e a d r o p o f a c e t i c a c i d u p o n t h e b e l l y o f s u c h 

a f r o g , a n d i t w i l l e n d e a v o r t o b r u s h a w a y t h e i r r i t a t i o n w i t h 

o n e f o o t . N o w a m p u t a t e t h e l e g o f t h i s f o o t a t t h e k n e e . 

T h e a n i m a l w i l l m a k e s e v e r a l f u t i l e a t t e m p t s t o r e a c h t h e 

i r r i t a t e d s p o t w i t h t h e s t u m p , a n d , f a i l i n g , w i l l , a f t e r s o m e 

h e s i t a t i o n , m a k e use o f t h e u n i n j u r e d l i m b f o r t h i s p u r p o s e . 

I t i s e a sy t o r e p e a t t h i s w e l l - k n o w n e x p e r i m e n t o f P f l i i g e r ' s . 1 

R o b i n 2 w i t n e s s e d s o m e m o s t i n s t r u c t i v e p h e n o m e n a i n a c r i m i 

n a l w h o s e h e a d h a d b e e n r e m o v e d a n h o u r p r e v i o u s a t t h e 

l e v e l o f t h e f o u r t h c e r v i c a l ve r tebrae . T h e s k i n a r o u n d t h e 

n i p p l e w a s s c r a t c h e d w i t h t h e p o i n t o f a s c a l p e l . I m m e d i 

a t e l y t h e r e e n s u e d a ser ies o f r a p i d m o v e m e n t s i n t h e u p p e r 

e x t r e m i t y , w h i c h h a d b e e n e x t e n d e d u p o n t h e t a b l e . T h e 

h a n d w a s b r o u g h t ac ross t h e c h e s t t o t h e p i t o f t h e s t o m a c h , 

s i m u l t a n e o u s l y w i t h a s e m i - f l e x i o n o f t h e f o r e a r m a n d i n w a r d 

r o t a t i o n o f t h e a r m — a m o v e m e n t o f d e f e n s e , as i t w e r e . A l l 

t h i s t eaches u s t h e m o r e c l e a r l y t o u n d e r s t a n d t h a t i t i s t h e 

i n t e l l i g e n c e o f t h e c o r d ' s g r a y m a t t e r t h a t i s c a l l e d i n t o p l a y 

i n a t h o u s a n d a c t i o n s t h a t m u s t t a k e p l a c e w i t h o u t t h e a i d o f 

t h a t conscious i n t e l l i g e n c e w h i c h w e c a l l " m i n d . " T h e i n t e l 

l i g e n c e o f t h e s p i n a l c e l l s i s q u i t e s u f f i c i e n t t o e n a b l e m e n t o 

w a l k , t o p l a y o n m u s i c a l i n s t r u m e n t s , t o b e c o m e e x p e r t s i n 

h a n d i w o r k , t o r i d e o n h o r s e b a c k , w h e t h e r a w a k e o r a s l eep , t o 

b e c o m e a c r o b a t s , a n d t o u n c o n s c i o u s l y a c q u i r e s u c h a h a n d 

w r i t i n g t h a t i t s m i n u t e p e c u l i a r i t i e s s h a l l b e u n e r r i n g l y r e c o g 

n i z e d b y t h e t r a i n e d e y e . 

1 Pfliiger, "Die sensorische Function des Riickenmarks," 1853. 
2 "Jour, de l'Anat. et de la Physiol.," Paris, 1869. 
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F r o m t h e p h y s i o l o g i c a l e x p e r i m e n t s as t o t h e f u n c t i o n s o f 

t h e d i f f e r e n t c o l u m n s o f t h e c o r d , i t n o w seems p o s s i b l e t o 

d i v i d e t h e s p i n a l c o r d i n t o t w o g r e a t s u b d i v i s i o n s , w h i c h w i l l 

b e o f i n t e r e s t f r o m a p u r e l y c l i n i c a l s t a n d p o i n t , as w e l l as 

f r o m a p h y s i o l o g i c a l a s p e c t . T h e f i r s t o f t h e s e i n c l u d e s t h e 

e n t i r e a n t e r o - l a t e r a l c o l u m n s , a n d t h e a n t e r i o r h o r n s o f t h e 

g r a y m a t t e r , a n d i s t h e p r o b a b l e p a t h o f a l l m o t o r i m p u l s e s 

w h i c h t r a v e r s e t h e c o r d , as w e l l as t h e s ea t o f " t r o p h i c 

i n f l u e n c e s " u p o n t i s s u e s . T h e l a t t e r i n c l u d e s t h e p o s t e r i o r 

c o l u m n s a n d t h e p o s t e r i o r h o r n s o f t h e g r a y m a t t e r , a n d i s 

t h e p r o b a b l e p a t h o f a l l t h e s e n s o r y i m p u l s e s , w h i l e i t a l s o i s 

a s s o c i a t e d w i t h t h e f u n c t i o n o f c o o r d i n a t i o n o f m o v e m e n t . 

N o w , b o t h o f t h e s e s u b d i v i s i o n s i n c l u d e s e v e r a l p a r t s o f t h e 

s p i n a l c o r d , w h i c h h a v e b e e n s e p a r a t e l y n a m e d i n p r e v i o u s 

p a g e s ; h e n c e , t h e t e r m " s y s t e m " i s a p p l i e d t o b o t h , t h e 

f o r m e r b e i n g n a m e d t h e " J c i n e s o d i c system" a n d t h e l a t t e r 

t h e " cesthesodic system." T h e s e n a m e s w i l l b e c o n s t a n t l y 

u s e d , t h e r e f o r e , w h e n t h e p o r t i o n s o f t h e c o r d w h i c h c o n 

v e y e i t h e r m o t o r o r s e n s o r y i m p u l s e s a r e s p o k e n o f as a 

w h o l e ; w h i l e t h e o t h e r n a m e s a p p l i e d t o s p e c i a l p o r t i o n s 

o f t h e c o r d w i l l c h i e f l y b e u s e d i n d e f i n i n g t h e s i t u a t i o n s 

o f s p e c i a l l e s i o n s w h o s e s y m p t o m a t o l o g y m a y b e u n d e r d i s 

c u s s i o n . 

I f w e a r e t o a t t e m p t t o g r a s p t h e s y m p t o m s b y w h i c h t h e 

v a r i o u s l e s i o n s o f t h e s p i n a l c o r d m a y b e r e c o g n i z e d d u r i n g 

l i f e , a n d t o u n d e r s t a n d w h y c e r t a i n e f f e c t s m u s t b e p r o d u c e d 

( w h e n t h e s i t u a t i o n o f t h e l e s i o n i s k n o w n t o u s ) , w e m u s t 

m a k e s o m e c l a s s i f i c a t i o n o f t h e d i seases w h i c h a f f e c t t h e s p i n a l 

c o r d o n s u c h a n a n a t o m i c a l a n d p h y s i o l o g i c a l b a s i s as s h a l l 

n a t u r a l l y t e n d t o w a r d t h e c o n s t a n t a p p l i c a t i o n o f t h e s e 

b r a n c h e s o f m e d i c a l s c i e n c e t o t h e s y m p t o m s p r e s e n t e d b y 

t h e p a t i e n t . I t h a s b e e n c u s t o m a r y w i t h m o s t o f t h e l a t e 

a u t h o r s u p o n t h e s p e c i a l s u b j e c t o f n e r v o u s a f f e c t i o n s t o c o n 

s i d e r t h e d i seases o f t h e m o t o r r e g i o n s a n d o f t h e s e n s o r y 

r e g i o n s o f t h e c o r d s e p a r a t e l y ; u s i n g t h e t e r m "systematic 

L 
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lesions" t o e x p r e s s t h e f a c t t h a t a l l o f t h o s e d i s e a s e s , w h i c h 

a re n o t p u r e l y l o c a l , a f f e c t e i t h e r t h e k i n e s o d i c o r aes thesodic 

s y s t e m s . W h e n w e s p e a k o f s y s t e m a t i c l e s i o n s , t h e r e f o r e , 

w e m e a n t h o s e t y p e s o f d isease w h i c h t e n d t o d i f f u s e t h e m 

selves, f o r a g r e a t e r o r l e s s e x t e n t , u p w a r d a n d d o w n w a r d , 

w i t h o u t e x t e n s i o n t o t h e a d j a c e n t c o l u m n s ; t h u s t h e c o l u m n s 

o f G o l l a n d o f B u r d a c h m a y b e i n v o l v e d i n t h e aes thesodic 

s y s t e m , t h e l a t e r a l c o l u m n s a n d t h e c o l u m n s o f T u r c k m a y 

be i n v o l v e d i n t h e k i n e s o d i c s y s t e m , w h i l e t h e a n t e r i o r o r 

p o s t e r i o r h o r n s o r c e n t r a l p a r t o f t h e g r a y m a t t e r m a y b e 

t h e seat o f d isease , i r r e s p e c t i v e o f t h e o t h e r p a r t s o f t h e 

c o r d . 

I n c o n t r a d i s t i n c t i o n t o t h e s y s t e m a t i c l e s i o n s , c e r t a i n 

t y p e s o f d isease t e n d t o s p r e a d l a t e r a l l y , a n d t h u s t o i n v o l v e 

d i f f e r e n t c o l u m n s o f t h e c o r d i n s u c c e s s i o n . T h e s e a r e g r o u p e d 

u n d e r t h e g e n e r a l h e a d o f "focal lesions " o r " non-systematic 

lesions." I n t h i s f o r m o f d e g e n e r a t i o n , o r o f n e w t i s s u e 

d e v e l o p m e n t , t h e e x t e n s i o n i s u s u a l l y l i m i t e d i n a v e r t i c a l 

d i r e c t i o n , b u t i t m a y e x t e n d , l a t e r a l l y , n o t o n l y t o d i v e r s e 

c o l u m n s , b u t m a y e v e n i n v o l v e b o t h t h e k i n e s o d i c a n d 

ses thesodic s y s t e m s i n i t s p r o g r e s s . 

I t w i l l e x c e e d t h e p r o p e r scope o f t h e c o u r s e o f l e c t u r e s 

w h i c h I h a v e p r e p a r e d f o r t h i s w i n t e r , t o e n t e r i n t o a f u l l de

s c r i p t i o n o f t h e s y m p t o m s o f a l l o f t h e d iseases o f t h e s p i n a l 

c o r d ; b u t i t i s i m p o r t a n t t h a t y o u s t a r t w i t h a general classi

fication o f t h e diseases w h i c h m a y a f f e c t t h i s r e g i o n , i n o r d e r 

t h a t y o u m a y p r o p e r l y u n d e r s t a n d t h e m e a n i n g o f t e r m s 

w h i c h y o u w i l l f i n d g r o w i n g i n t o u se w i t h a s t o n i s h i n g r a p i d 

i t y . I t i s a l so t o b e r e m e m b e r e d t h a t t h e c l a s s i f i c a t i o n w h i c h 

I h a v e g i v e n y o u i s b a s e d o n a n a t o m y a n d p a t h o l o g y , a n d 

m a y d i f f e r m a r k e d l y f r o m t h o s e o f s o m e a u t h o r s w i t h w h i c h 

y o u m a y b e f a m i l i a r ; a l i t t l e s t u d y w i l l , h o w e v e r , r e m o v e a l l 

c o n f u s i o n , a n d p e r h a p s a d d t o y o u r m o r e p e r f e c t c o m p r e h e n 
s i o n o f t h e s u b j e c t . 
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SYSTEMATIC " 
LESIONS. 

" NON-SYSTEM
ATIC" OR "FO
C A L " LESIONS. 

thesodic System. 

Lesions of the Ei-
nesodic System. 

f Sclerosis of the columns of Goll, 
[ Lesions of the JEs- J Sclerosis of the columns of Burdach (locomo-

] tor ataxia), 
[ Ascending degeneration. 

Sclerosis of the anterior columns, 
Sclerosis of the lateral columns (tetanoid para

plegia), 
Degeneration of the postcro-lateral columns, 

- Myelitis of the anterior horns (atrophic spinal 
paralysis), 

Degeneration of the ganglion cells of the ante
rior horns (progressive muscular atrophy), 

Central myelitis. 
Traumatism of the cord, 
Compression of the cord, by -j humors 
Transverse sclerosis of the cord, 
Transverse softening of the cord, 
Haemorrhage into the cord, 
Tumors of the cord. 

" SYSTEMATIC L E S I O N S " OF T H E " iESTHESODIC SYSTEM." 

I n t h e t a b l e 1 w h i c h I h a v e w r i t t e n o u t f o r y o u r i n s p e c t i o n , 

y o u w i l l p e r c e i v e t h a t t h e s y s t e m a t i c l e s i o n s m a y a f f e c t e i t h e r 

t h e s e s the sod i c o r k i n e s o d i c s y s t e m s o f t h e s p i n a l c o r d , w h i l e 

t h e f o c a l l e s i o n s a r e n o t t h u s s e p a r a t e d , s i n c e t h e y t e n d t o 

e x t e n d i n a t r a n s v e r s e d i r e c t i o n , a n d t h u s m a y b e f o u n d i n 

b o t h . A s t h e ae s the sod i c s y s t e m p r e s e n t s o n l y t w o w e l l - r e c o g 

n i z e d a n d u n d e r s t o o d c o n d i t i o n s , w e w i l l first s t u d y t h e g e n 

e r a l e f f e c t s o f e x t e n d i n g d i s ea se w h i c h i s c o n f i n e d e i t h e r t o 

t h e c o l u m n s o f G o l l o r o f B u r d a c h . 

W e m i g h t b e g i n , p o s s i b l y w i t h a d v a n t a g e , b y s t a t i n g t h a t 

t h e g e n e r a l r e s u l t s o f a n y l e s i o n s i t u a t e d b a c k o f t h e p o s t e r i o r 

g r a y h o r n o f t h e c o r d m u s t m a n i f e s t i t s e l f , i f o u r p r e v i o u s de 

d u c t i o n s a r e c o r r e c t , b y s y m p t o m s r e f e r a b l e o n l y t o sensation 

a n d coordination. T h i s w e find t o b e a p p r o x i m a t e l y c o r r e c t . 

W e h a v e i n t h i s t y p e o f cases ancesthesia, Jiypercestliesia, o r 

numbness, a n d a l s o pain ( u s u a l l y p o s s e s s i n g s o m e s p e c i a l 

c h a r a c t e r i s t i c s w h i c h a r e o f c l i n i c a l v a l u e ) ; w h i l e c o o r d i 

n a t i o n i s u n q u e s t i o n a b l y a f f e c t e d as w e l l , s i n c e a p e c u l i a r 

1 See page 315 of this volume. 
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d i s o r d e r o f v o l u n t a r y m o v e m e n t s , w h i c h c o n s t i t u t e s t r u e 

" a t a x i a , " i s u s u a l l y d e v e k r p e d . O u r p r e v i o u s s t a t e m e n t s as 

t o t h e p a t h o f t h e m o t o r i m p u l s e s o f t h e c o r d s e e m t o b e c o n 

firmed b y t h e absence of either spasm or true paralysis o f 

t h e m u s c l e s b e l o w t h e l e s i o n . 

T h e q u e s t i o n n o w ar ises , ' ' C a n w e t e l l w h e t h e r t h e d isease 

i s c o n f i n e d t o t h e c o l u m n s o f G o l l o r o f B u r d a c h \ " W e c a n 

u n d o u b t e d l y l o c a t e t h e l e s i o n i n t h e o p p o s i t e s i d e o f t h e c o r d 

f r o m t h a t o f t h e b o d y u p o n w h i c h c e r t a i n s y m p t o m s a r e w e l l 

m a r k e d ; b u t c a n w e t e l l p o s i t i v e l y w h e t h e r t h e l e s i o n i s p r o 

g r e s s i n g i n t h e i n n e r o r o u t e r c o l u m n o f t h e p o s t e r i o r h a l f o f 

e i t h e r s i d e o f t h e c o r d w h i c h s h o w s t h e e v i d e n c e o f d i sease % 

SCLEEOSIS OF THE COLUMNS OF GOLL. 

A s r e g a r d s t h e c o l u m n s o f G o l l , I f e e l m y s e l f f o r c e d t o s a y 

t h a t I d o n o t b e l i e v e t h a t l o c a l i z e d d isease c a n b e p o s i t i v e l y 

d i a g n o s e d w h e n c o n f i n e d t o t h e s e c o l u m n s ; a l t h o u g h , f r o m 

c e r t a i n p a t h o l o g i c a l d e d u c t i o n s , w e c a n o f t e n i n f e r that it 

exists, s ince i t h a s b e e n f o u n d t o o c c u r as a s e c o n d a r y r e s u l t 

o f t h o s e o t h e r l e s i o n s w h i c h a r e c a p a b l e o f p r o d u c i n g a n as

c e n d i n g o r d e s c e n d i n g d e g e n e r a t i v e p r o c e s s i n t h e s p i n a l c o r d . 

A s t h e c o l u m n s o f G o l l a r e l a r g e a n d d i s t i n c t i n t h e c e r v i c a l 

r e g i o n o f t h e c o r d , b u t b e c o m e n a r r o w e r a n d n a r r o w e r as t h e 

l o w e r p o r t i o n o f t h e c o r d i s r e a c h e d , t h e l e s i o n o f t h i s c o l u m n 

b e c o m e s m o r e e v i d e n t t o o c u l a r d e m o n s t r a t i o n , w h e n p r e s e n t , 

as y o u a s c e n d t h e c o r d . T h e e n t i r e l e n g t h o f e i t h e r c o l u m n 

m a y be a f f e c t e d , o r o n l y p o r t i o n s o f i t . I n t h e a s c e n d i n g 

f o r m o f s e c o n d a r y d e g e n e r a t i o n o f t h e s e c o l u m n s , t h e l e s i o n 

i s a l w a y s o b s e r v e d a b o v e t h e seat o f t h e e x c i t i n g cause . T h i s 

l e s i o n h a s n e v e r b e e n t r a c e d , so f a r as m y r e sea r ches g o , a b o v e 

t h e " c a l a m u s s c r i p t o r i u s . " 

SCLEROSIS OF THE COLUMNS OF BURDACH (LOCOMOTOR ATAXIA). 

T h e c o l u m n s o f B u r d a c h a r e t h e seat o f s c l e ro s i s m o r e 

c o m m o n l y t h a n t h o s e o f G o l l , s i nce t h i s t y p e o f c h a n g e p r o 

gresses, as a r u l e , f r o m t h e p o s t e r i o r r o o t zones i n w a r d , a n d 

t h u s o n l y a f f e c t s t h e c o l u m n s o f G o l l a f t e r t h o s e o f B u r d a c h 
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h a v e b e c o m e s e r i o u s l y i m p a i r e d . I n a l l t h o s e cases w h e r e t h e 

s y m p t o m s o f p a i n a n d a l t e r a t i o n i n t h e s e n s i b i l i t y o f p a r t s 

p r e c e d e t h o s e o f a t a x i a , w e f i n d t h e c o l u m n s o f B u r d a c h f i r s t 

a f f e c t e d w i t h a s y s t e m a t i c l e s i o n , a n d , a f t e r w a r d , t h o s e o f 

G o l l . T h e i n v e s t i g a t i o n s o f P i e r r e t a n d C h a r c o t s e e m t o d e 

m o n s t r a t e t h a t t h e c o n d i t i o n o f s c l e r o s i s o f t h e c o l u m n s o f B u r 

d a c h u s u a l l y b e g i n s i n t h e l u m b a r e n l a r g e m e n t , a n d t e n d s t o 

c r e e p g r a d u a l l y u p w a r d t o w a r d t h e m e d u l l a o b l o n g a t a , so t h a t 

t h e e n t i r e l e n g t h o f t h e c o r d m a y b e c o m e h a r d e n e d a n d a t r o 

p h i e d ; w h i l e t h e s a m e c o n d i t i o n o f t h e c o l u m n s o f G o l l i s 

u s u a l l y f o u n d t o c o e x i s t , b u t m a y b e l o o k e d u p o n as a sec

o n d a r y r e s u l t o f t h e f o r m e r . 

N o w , w e h a v e m e n t i o n e d c e r t a i n p e c u l i a r s y m p t o m s w h i c h 

p o i n t , w h e n . p r e s e n t , t o s o m e d i s ea se o f t h e p o s t e r i o r c o l u m n s 

o f t h e s p i n a l c o r d , a m o n g w h i c h c o m e pain, hyperesthesia, 

numbness, anesthesia, a n d s y m p t o m s o f incoordination 

( a t a x i a ) w h e n t h e d i s ea se i s f a r a d v a n c e d . W e d i s c o v e r n o 

m o t o r s y m p t o m s , as t h e m u s c u l a r p o w e r a p p e a r s t o b e n o r m a l 

i n a l l r e s p e c t s , e x c e p t i n c o o r d i n a t e m o v e m e n t ; a n d n o " t r o 

p h i c c h a n g e s " i n t i s s u e s a r e p r o d u c e d , as w o u l d e n s u e i f t h e 

a n t e r i o r p o r t i o n o f t h e c o r d w e r e i n v o l v e d . I t w i l l h e l p u s t o 

r e c o g n i z e t h i s d i sease , i f w e w i l l s t u d y a l i t t l e m o r e i n d e t a i l 

e a c h o f t h e s e v a r i o u s m a n i f e s t a t i o n s o f p o s t e r i o r s p i n a l l e s i o n s . 

I n t h e f i r s t p l a c e , t h e pains o f t h i s t y p e o f s c l e r o s i s a r e 

p e c u l i a r . T h e y d o n o t f o l l o w t h e c o u r s e o f s p e c i a l n e r v e 

t r u n k s , as d o n e u r a l g i c p a i n s , b u t a r e m o r e l o c a l i z e d . T h e y 

a r e v a g r a n t i n c h a r a c t e r , s i n c e t h e y a f f e c t i n n u m e r a b l e s p o t s 

i n t h e r e g i o n w h i c h i s p r e s i d e d o v e r b y t h e n e r v e s c o n n e c t e d 

w i t h t h e d i s e a s e d p o r t i o n o f t h e c o r d ; a n d so m a r k e d i s t h i s 

p e c u l i a r i t y t h a t a p a t i e n t w h o h a s l o n g s u f f e r e d w i t h t h e s e 

p a i n s c a n n o t w e l l s e l e c t a n y s p o t w h i c h h a s e n t i r e l y e s c a p e d 

t h e m . A g a i n , t h e p a i n s v a r y i n t h e i r i n t e n s i t y , s i n c e t h e y a r e 

m o r e o r less p a r o x y s m a l , a n d o f t e n s h o w e x a c e r b a t i o n s d u e t o 

a t m o s p h e r i c c h a n g e s . 1 T h e s e e x a c e r b a t i o n s m a y o c c u r e v e r y 

f e w m i n u t e s f o r s o m e h o u r s , a n d m a y t h e n d i s a p p e a r f o r 

1 Dampness seems to increase the severity of these pains, thus often tending to mis
lead the practitioner as to their rheumatic origin. 
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d a y s o r w e e k s ; t h e a r e a c o v e r e d b y t h e m m a y v a r y f r o m t h a t 

o f a s m a l l p o i n t t o t h a t o f y o u r h a n d ; a n d t h e y m a y b e r e 

f e r r e d t o t h e s k i n a l o n e , t h e m u s c l e s , t h e j o i n t s , t h e bones , 

o r , i n r a r e cases, t o t h e v i s c e r a . T h e s e p a i n s a r e u s u a l l y o f a 

s u d d e n c h a r a c t e r , a n d e x t r e m e l y severe . T h e y a s s u m e t h e 

c h a r a c t e r o f s t a b b i n g , t e a r i n g , o r s h o o t i n g s ensa t i ons , w h i c h 

o f t e n cause t h e p a t i e n t t o s h r i e k i n a g o n y ; w h i l e t h e s k i n 

o v e r t h e c i r c u m s c r i b e d s p o t i s r e n d e r e d h y p e r a e s t h e s i c t o 

s l i g h t p r e s s u r e , a l t h o u g h firm p r e s s u r e o f t e n a f f o r d s r e l i e f . 

T h e t e r m s " f u l g u r a t i n g " a n d " t e r e b r a t i n g " a r e o f t e n a p p l i e d 

t o t hese p a i n s , f r o m t h e i r s u d d e n o n s e t a n d t h e i r s i m i l a r i t y t o 

t h e e f f e c t s o f a passage o f a s t r o n g e l e c t r i c c u r r e n t . I n f a c t , 

t h e d i s t i n c t i v e c h a r a c t e r i s t i c s o f t h e p a i n o f s c l e ros i s o f t h e 

p o s t e r i o r c o l u m n s o f t h e s p i n a l c o r d a r e so w e l l d e f i n e d t h a t I 

s e l d o m h e s i t a t e t o p r e d i c t t h e d e v e l o p m e n t o f l a t e r a t a x i c 

s y m p t o m s f r o m t h i s g u i d e a l o n e . I t i s u s u a l l y c o n f i n e d t o t h e 

l o w e r e x t r e m i t i e s ( toes , f o o t , s h i n , c a l f , a n d t h i g h ) , b u t i t 

s o m e t i m e s a f f e c t s t h e t r u n k a n d t h e u p p e r e x t r e m i t y , a n d , i n 

v e r y r a r e cases, t h e h e a d . I t i s t o be d i f f e r e n t i a t e d f r o m t h e 

p a i n o f r h e u m a t i s m o r o f a s i m p l e n e u r a l g i a , a n d , as i t i s t h e 

i n i t i a l s y m p t o m o f a s e r i o u s a n d i n c u r a b l e d isease , i t s h o u l d 

b e r e c o g n i z e d e a r l y 

T o u c h i n g u p o n t h i s p o i n t , P r o f e s s o r E . C. S e g u i n , i n a l a t e 

l e c t u r e , p u t s t h e d i a g n o s i s o f t h i s a f f e c t i o n , w i t h h i s accus 

t o m e d c learness , as f o l l o w s : 

" T h e o n l y t w o c o n d i t i o n s i n w h i c h p a i n s s o m e w h a t r e s e m 

b l i n g f u l g u r a t i n g p a i n s o c c u r , i n m y e x p e r i e n c e , a r e p a r a l y t i c 

d e m e n t i a a n d g o u t . I n t h e f o r m e r d isease , s l i g h t f u l g u r a t i n g 

p a i n s — ' s m a l l e r ' p a i n s , i f I m a y b e a l l o w e d t h e e x p r e s s i o n — 

a re d e s c r i b e d b y t h e p a t i e n t s ; b u t , i n m a n y o f t h e s e cases, 

a u t o p s y s h o w s t h a t , be s ides t h e c e r e b r a l l e s i o n s p r o p e r t o t h e 

disease, t h e p o s t e r i o r c o l u m n s o f t h e c o r d e x h i b i t p a t h o l o g i c a l 

a l t e r a t i o n s ; so t h a t t he se cases are , a f t e r a l l , quas / - t a b e t i c . 

T h e s h a r p p a i n s o f g o u t a r e s h o r t , s t a b b i n g p a i n s i n t h e s k i n 

o f v a r i o u s p a r t s o f t h e b o d y , c o m p a r e d b y t h e p a t i e n t s t o 

t h e p r i c k o f a n e e d l e , c o l d o r h o t . T h e r e i s n o t e n d e n c y t o 

r e p e t i t i o n o f t h e p a i n i n o n e s p o t f o r h o u r s o r d a y s ; t h e sen-
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s a t i o n s a p p e a r i n v a r i o u s p a r t s o f t h e b o d y , a n d a r e b e a r 

a b l e . 
4 4 T h e d i f f e r e n t i a l d i a g n o s i s o f f u l g u r a t i n g p a i n s f r o m t h e 

p a i n s o f n e u r a l g i a , s t r i c t l y s p e a k i n g , i s v e r y e a s y . I n n e u r a l 

g i a t h e p a i n i s i n t h e c o u r s e a n d d i s t r i b u t i o n o f o n e o r t w o 

( s i n g l e ) n e r v e t r u n k s a n d t h e i r b r a n c h e s ; i t m a y b e p a r o x 

y s m a l , b u t d o e s n o t a s s u m e t h e e x c e s s i v e i r r e g u l a r i t y o f t a 

b e t i c p a i n s , v i z . , a g o n y f o r a f e w h o u r s , a n d f r e e d o m f r o m 

p a i n s f o r h o u r s , d a y s , o r w e e k s . T h e h y p e r e s t h e s i a , i n f u l 

g u r a t i n g p a i n s , i s a t t h e sea t o f p a i n . I n n e u r a l g i a , w e f i n d 

r e g u l a r ' t e n d e r p o i n t s ' a l o n g t h e n e r v e t r u n k , o r w h e r e i t s 

b r a n c h e s b e c o m e s u p e r f i c i a l . T h e l i g h t e s t t o u c h causes p a i n 

i n t h e p a i n f u l d i s t r i c t s i n t a b e s , w h i l e t h e t e n d e r n e s s o f 

n e r v e s i n n e u r a l g i a i s u s u a l l y d e m o n s t r a b l e o n l y b y f i r m , 

l o c a l i z e d p r e s s u r e . F u r t h e r , t r u e n e u r a l g i a i s s e l d o m b i l a t 

e r a l , w h i l e i t i s t h e r u l e f o r f u l g u r a t i n g p a i n s t o a p p e a r o n 

b o t h s i d e s o f t h e m e d i a n l i n e — i n b o t h l o w e r e x t r e m i t i e s , f o r 

e x a m p l e . A l a s t i m p o r t a n t d i s t i n c t i o n i s t h a t n e u r a l g i a i s 

r e l i e v a b l e o r c u r a b l e , w h e r e a s f u l g u r a t i n g p a i n s a r e p r a c t i 

c a l l y i n c u r a b l e , a n d f u l l y r e l i e v e d o n l y b y m o r p h i a i n j e c t i o n s . 

" T h e c o n f u s i o n so o f t e n m a d e b e t w e e n ' r h e u m a t i s m ' a n d 

t h e f i r s t s t a g e o f s c l e r o s i s i s e v e n less p a r d o n a b l e . O f c o u r s e , 

n o p r a c t i t i o n e r w o u l d m i s t a k e f u l g u r a t i n g p a i n s f o r a r t i c u l a r 

r h e u m a t i s m ; t h e e r r o r i s w i t h r e s p e c t t o ' r h e u m a t i s m , ' so 

c a l l e d , a f f e c t i n g m u s c u l a r masses a n d a p o n e u r o s e s . I n t h e s e 

a f f e c t i o n s t h e p a i n s a r e u s u a l l y d u l l , n e a r l y c o n s t a n t , a n d d i s 

t i n c t l y a g g r a v a t e d b y m o v e m e n t s . P r e s s u r e m u s t b e f i r m l y 

m a d e u p o n t h e p a r t s t o p r o d u c e p a i n , w h e r e a s i n f u l g u r a t i n g 

p a i n s t h e c o n d i t i o n i s o n e o f c u t a n e o u s h y p e r a l g e s i a u n d e r a 

s l i g h t t o u c h . A g a i n , t h i s ' r h e u m a t i c ' c o n d i t i o n i s d i s t i n c t l y 

a m e n a b l e t o t r e a t m e n t ( c o u n t e r - i r r i t a n t s , e t c . ) , w h e r e a s t h e 

j:>ains o f p o s t e r i o r s p i n a l s c l e r o s i s a re , i n o n e sense, i n c u r a b l e . " 

N o w , t h i s s y m p t o m m a y e x i s t f o r y e a r s w i t h o u t t h e d e 

v e l o p m e n t o f m a r k e d anaes thes i a o r o f a t a x i a , a n d o f t e n b o t h 

t h e p a t i e n t a n d t h e p h y s i c i a n a r e i n c l i n e d t o s p e a k o f t h e s e 

p a i n s as d e p e n d e n t u p o n s o m e r h e u m a t i c d i a t h e s i s , r a t h e r 

t h a n as a p r e c u r s o r o f a n i n c u r a b l e a f f e c t i o n . T h e p e c u l i a r 
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h y p e r e s t h e s i a w h i c h e x i s t s i n t h e p a t c h e s o f s k i n a f f e c t e d 

w i t h t h e p a i n , b o t h d u r i n g t h e p a r o x y s m a n d s o m e t i m e s f o r 

h o u r s a f t e r w a r d , a f f o r d s a p o i n t o f g r e a t d i a g n o s t i c v a l u e . 

A s r e g a r d s t h e s e c o n d d i a g n o s t i c s y m p t o m — a n a e s t h e s i a — 

i t i s c l a i m e d t h a t a n a l t e r a t i o n i n t h e s e n s i b i l i t y o f t h e a f 

f e c t e d p a r t s c a n b e d e t e c t e d i n t h e e a r l i e s t s tages o f t h e d i s 

ease, as w e l l as l a t e r o n ; b u t , i n t h e f o r m e r case, t h e loss o f 

s e n s a t i o n i s l o c a l i z e d i n d i s t i n c t s p o t s o r p a t c h e s o f i n t e g u 

m e n t ( u s u a l l y u p o n t h e l o w e r e x t r e m i t i e s , b u t , p o s s i b l y , u p o n 

t h e t r u n k a n d a r m s , i f t h e d isease b e e x t e n s i v e ) , w h i l e , i n t h e 

l a t e r stages, t h e soles o f t h e f e e t b e c o m e d e p r i v e d o f sens i 

b i l i t y , a n d t h e a n e s t h e t i c c o n d i t i o n t e n d s t o e x t e n d u p w a r d 

a l o n g t h e l egs a n d t h i g h s u n t i l t h e w h o l e o f t h e a f f e c t e d r e 

g i o n s m a y b e d e a d t o a l l s e n s a t i o n s . N o w , i t i s t h i s v e r y c o n 

d i t i o n o f t h e i n t e g u m e n t t h a t p r o b a b l y causes t h e s y m p t o m 

w h i c h i s r e g a r d e d b y m a n y p h y s i c i a n s as p a t h o g n o m o n i c o f 

l o c o m o t o r a t a x i a — s t a g g e r i n g o r f a l l i n g , w h e n t h e eyes a r e 

c l o s e d a n d t h e p a t i e n t a t t e m p t s t o s t a n d e r e c t — a n d n o t e s t i s 

m o r e w o r t h l e s s o f t h i s s p e c i a l a f f e c t i o n . I h a v e seen a p a t i e n t 

m a d e t o f a l l , w h e n h i s eyes w e r e c l o s e d , b y s i m p l y f r e e z i n g 

t h e soles o f t h e f e e t so as t o r e n d e r t h e m i n c a p a b l e o f sensa

t i o n , w h i l e i t i s w e l l r e c o g n i z e d t h a t t h e s ame s y m p t o m i s m e t 

w i t h i n t h e a n e s t h e s i a w h i c h f o l l o w s o r a c c o m p a n i e s h y s t e r i a , 

m y e l i t i s o f t h e p o s t e r i o r h o r n s , e tc . T h a t p a t i e n t s a f f l i c t e d 

w i t h l o c o m o t o r a t a x i a d o s t a g g e r a n d o f t e n f a l l , w h e n o b l i g e d 

t o s t a n d e rec t w i t h c l o s e d eyes , n o o n e c a n d e n y , b u t t h a t i t 

ha s n o s p e c i a l d i a g n o s t i c v a l u e c a n n o w b e as p o s i t i v e l y s t a t e d . 

I n t h e final s tages o f s c l e ros i s o f t h e p o s t e r i o r c o l u m n s , 

symptoms of ataxia d e v e l o p . T h e w a l k o f t h e p a t i e n t n o w 

b e c o m e s o f a p e c u l i a r c h a r a c t e r . T h e l egs a r e j e r k e d a b o u t 

i n a n a i m l e s s m a n n e r , a n d t h e f e e t a r e b r o u g h t d o w n i n a 

s t a m p i n g w a y w h i c h i s t o t a l l y d i f f e r e n t f r o m t h e g a i t o f p a 

r a l y s i s . 1 T h e s e p a r a t e m u s c l e s , w h e n t e s t e d , s h o w a n u n i m -

' This symptom may develop at a variable period from the commencement of the 
neuralgic pains (the duration of the pains varying from three months to ten or more 
years). The heel strikes the ground forcibly in walking. I f the upper extremities are 
involved, the fingers and arms perform unnecessary movements to reach a given point 
and oscillate when a given action is attempted. 
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p a i r e d p o w e r , b u t t h e l a r g e g r o u p s o f m u s c l e s c a n n o t b e 

e m p l o y e d i n r h y t h m i c a l s u c c e s s i o n . T h e p a t i e n t b e g i n s t o 

n o t i c e , i n t h e e a r l y s y m p t o m s o f t h i s c o n d i t i o n , a sense o f 

d i s t r u s t i n h i m s e l f i n c r o s s i n g a s t r e e t o r i n p e r f o r m i n g a n y 

a c t w h i c h c a l l s f o r s u d d e n a n d p o s i t i v e m u s c u l a r c o o r d i n a 

t i o n . L a t e r o n , w a l k i n g b e c o m e s a l m o s t i m p o s s i b l e i f t h e 

a t a x i c s y m p t o m s d e v e l o p r a p i d l y , a n d t h e p a t i e n t i s l i a b l e t o 

f a l l , i n h i s e f f o r t s t o a v o i d a n y s p e c i a l d a n g e r , as i n t r a v e l i n g 

t h e s t r e e t s . 

O n e o f t h e e a r l i e s t e v i d e n c e s o f i n c o o r d i n a t i o n o f m o v e m e n t 

u s u a l l y p e r c e i v e d b y t a b e t i c p a t i e n t s i s a d i f f i c u l t y i n d i r e c t 

i n g t h e i r f e e t t o w a r d a n y o b j e c t o f s m a l l s ize, s u c h as a ca r 

r i a g e - s t e p , s t i r r u p , e t c . A d i f f i c u l t y i s a l s o e x p e r i e n c e d b y 

m a n y i n a s c e n d i n g l o n g f l i g h t s o f s t a i r s , as t h e e q u i l i b r i u m i s 

p r e s e r v e d w i t h s o m e d i f f i c u l t y , o n a c c o u n t o f a n u n c e r t a i n t y 

i n p l a c i n g t h e f e e t u p o n t h e s t a i r s . L a t e r o n i n t h e d i sease , 

t h e f e e t a r e s w u n g i n a c i r c l e , i n c o n t r a s t t o t h e s t r a i g h t p r o 

g r e s s i o n o f t h e n o r m a l s t e p , s i n c e t h e e q u i l i b r i u m i s t h u s 

m o r e e a s i l y p r e s e r v e d . T h i s h a s b e e n c o m p a r e d t o t h e s w i n g 

i n g m o t i o n o f t h e t i g h t - r o p e p e r f o r m e r . T h e so l e o f t h e f o o t 

i s g e n e r a l l y b r o u g h t d o w n a f t e r t h e h e e l s t r i k e s t h e g r o u n d , 

t h u s o f t e n g i v i n g a f l a p p i n g s o u n d t o t h e s t e p . T h e j e r k i n g 

g a i t o f w e l l - m a r k e d a t a x i a c o u l d n e v e r b e m i s t a k e n f o r t h a t 

o f p a r a l y s i s . 

W h e n t h e u p p e r e x t r e m i t i e s a r e a f f e c t e d , t h e m o t i o n s o f 

t h e h a n d s h o w e v e n m o r e d e c i d e d e v i d e n c e s o f i n c o o r d i n a t i o n . 

S u c h p a t i e n t s , w h e n a s k e d t o p l a c e t h e t i p o f t h e i r f i n g e r 

u p o n a n y d e s i g n a t e d s p o t o n t h e f a c e ( p r o v i d e d t h e e y e s a r e 

f i r s t c l o s e d , i n o r d e r t o p r e v e n t t h e u s e o f v i s i o n as a n a i d t o 

m o v e m e n t ) , u t t e r l y f a i l t o p e r f o r m t h e a c t , o f t e n t o u c h i n g a 

s p o t o n e o r t w o i n c h e s f r o m t h a t u p o n w h i c h t h e y i n t e n d e d 

t o p l a c e t h e i r f i n g e r . W i t h t h e e y e s o p e n , a g l a s s o f w a t e r i s 

c a r r i e d t o t h e m o u t h w i t h a t r e m b l i n g o f t h e h a n d a n d p a r t i a l 

s p i l l i n g o f i t s c o n t e n t s ; a n d t h e f i n g e r i s p l a c e d u p o n a n y 

p o i n t d e s i g n a t e d u p o n t h e f a c e b y b e i n g s u d d e n l y d a r t e d 

f o r w a r d , r a t h e r t h a n b y a d e l i b e r a t e m o v e m e n t . T h e h a n d 

w r i t i n g i s m a r k e d l y a l t e r e d , e s p e c i a l l y i n r e s p e c t t o t h e 
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r o u n d e d l e t t e r s , s u c h as d, b, o, c, z ; a n d t h i s i s e v e n m o r e 

m a r k e d w h e n w r i t i n g i s a t t e m p t e d w i t h t h e eyes c l o s e d , as i t 

i s t h e n a l m o s t u n i n t e l l i g i b l e . 
T h e c o m p l e x m o v e m e n t s o f t h e l i n g e r s , r e q u i r e d f o r t h e 

a c t o f b u t t o n i n g o r u n b u t t o n i n g t h e c l o t h i n g , a n d i n p i c k i n g 

u p a p i n f r o m t h e floor, a re p e r f o r m e d w i t h so m u c h d i f f i c u l t y 

t h a t t h e y a f f o r d t w o a d m i r a b l e t e s t s f o r t h i s d isease , p r o v i d e d 

t h e u p p e r e x t r e m i t y b e i n v o l v e d . 
T a b e t i c p a t i e n t s u s u a l l y w a l k w i t h t h e i r eyes fixed u p o n 

t h e f e e t , as v i s i o n a i d s t h e m m a t e r i a l l y i n g u i d i n g t h e i r 

m o v e m e n t s o f p r o g r e s s i o n ; hence , w e i n v a r i a b l y find t h a t 

c l o s i n g t h e eyes causes a m a r k e d a l t e r a t i o n i n t h e a t a x i c 

m a n i f e s t a t i o n s , o f t e n t i m e s c a u s i n g t h e m t o f a l l w h e n r e q u i r e d 

t o s t a n d m o t i o n l e s s . 
I t m u s t b e r e m e m b e r e d , h o w e v e r , as w a s b r o u g h t o u t i n 

t h e l e c t u r e s u p o n t h e b r a i n , 1 t h a t c e r t a i n f o r m s o f i n t r a - c r a 

n i a l d iseases t e n d t o p r o d u c e t h e s ame s y m p t o m s , so t h a t 

a t a x i c m o v e m e n t s a r e o n l y c o n f i r m a t o r y o f a s p i n a l d isease 

w h i c h has p r e v i o u s l y m a n i f e s t e d i t s e l f b y w e l l - m a r k e d sen

s o r y s y m p t o m s . 
T h e r e a r e t w o o t h e r s y m p t o m s r e f e r a b l e t o t h e s e n s o r y 

n e r v e s w h i c h a re o f v a l u e i n d e c i d i n g as t o t h e p r o b a b l e e x 

i s t e n c e o f p o s t e r i o r s p i n a l sc le ros i s , v i z . , a retardation of sen

sation a n d diminished reflex movement. 

I f w e p r i c k t h e s k i n o f a p a t i e n t s u f f e r i n g f r o m t h i s t y p e 

o f disease, a n d c o u n t t h e t i m e w h i c h i n t e r v e n e s b e t w e e n t h e 

t i m e o f t h e p u n c t u r e a n d t h e t i m e w h e n t h e p a t i e n t p e r c e i v e s 

i t ( p r o v i d e d t h e eyes be c l o s e d , so as t o p r e v e n t a n y v i s u a l 

r e c o g n i t i o n o f t h e p r i c k i n g o f t h e p a r t ) , w e w i l l o f t e n find 

t h a t a n i n t e r v a l , v a r y i n g f r o m t e n t o o n e h u n d r e d o r m o r e 

seconds , m a y be d e t e c t e d . T h i s h a s b e e n e x p l a i n e d , b y s u p 

p o s i n g t h a t t h e sc l e ros i s has c r e a t e d s u c h p r e s s u r e u p o n t h e 

s e n s o r y n e r v e filaments as t o p a r t i a l l y o r n e a r l y c o m p l e t e l y 

d e s t r o y t h e a x i s c y l i n d e r s . T h i s s y m p t o m i s i n v a r i a b l y f o l 

l o w e d s o o n e r o r l a t e r b y c o m p l e t e anaes thes ia , a n d b y a 

sense o f n u m b n e s s w h i c h e x t e n d s u p w a r d f r o m t h e f e e t , 

1 See pages 64 and 65. 
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s i n c e i t i s u s u a l l y p e r c e i v e d i n t h e l o w e r e x t r e m i t y r a t h e r 

t h a n i n t h e u p p e r . 

I n a d d i t i o n t o t h e s e n s o r y m a n i f e s t a t i o n s a l r e a d y d i s 

c u s s e d , t h i s d i s e a s e t e n d s t o e x t e n d u p w a r d a l o n g t h e c o r d 

u n t i l t h e o p t i c a p p a r a t u s b e c o m e s , i n s o m e w a y , m a r k e d l y 

a f f e c t e d . T h e p e r c e p t i o n o f c o l o r i s o f t e n r e n d e r e d o b s c u r e , 

o r e n t i r e l y l o s t f o r t h e r e d a n d g r e e n t i n t s ; w h i l e t h e p a t i e n t 

m a y possess a n o r m a l l y a c u t e p e r c e p t i o n o f t h e y e l l o w o r 

b l u e t i n t s , o r e v e n h a v e a n u n n a t u r a l a c u t e n e s s i n d e t e c t i n g 

d e l i c a t e s h a d e s o f t h e s e c o l o r s . 

I n s o m e i n s t a n c e s , p t o s i s , d i p l o p i a , a n d a m a r k e d a l t e r a 

t i o n i n t h e r e f l e x m o v e m e n t o f t h e i r i s t o v a r y i n g d e g r e e s o f 

l i g h t , a r e d e v e l o p e d ; a n d t h e s e m a y p r o v e o f g r e a t a d v a n t a g e 

t o y o u i n t e n d i n g t o c o n f i r m t h e p o s s i b l e e x i s t e n c e o f t h i s 

t y p e o f s p i n a l s c l e r o s i s . 

D u r i n g t h e f i r s t s t a g e o f t h e d i sease , w h e n t h e f u l g u r a t i n g 

p a i n s a r e p r e s e n t , a l l t h e r e f l e x m o v e m e n t s w h i c h s e e m t o b e 

c o n t r o l l e d e i t h e r e n t i r e l y o r i n p a r t b y t h e s p i n a l c o r d a r e d i 

m i n i s h e d . A s e x a m p l e s o f t h i s f a c t , w e f r e q u e n t l y see t h a t 

t h e p u p i l s a r e e i t h e r s m a l l e r t h a n n o r m a l , o r i r r e g u l a r as r e 

g a r d s t h e i r s ize , o r t h a t t h e y d o n o t p r o p e r l y r e s p o n d t o f i n e 

v a r i a t i o n s i n t h e i n t e n s i t y o f l i g h t , 1 a n d t h a t t h e m u s c l e s d o 

n o t r e s p o n d t o s e n s o r y s t i m u l a t i o n o f t h e s k i n . I f t h e k n e e 

b e s e m i - f l e x e d d u r i n g t h e s t a g e o f f u l g u r a t i n g p a i n s , o r e v e n 

w h e n t h e a t a x i c s y m p t o m s h a v e b e e n d e v e l o p e d , a n d t h e l i g a 

m e n t u m p a t e l l a ? b e s t r u c k s h a r p l y w i t h t h e f i n g e r - e n d , y o u 

w i l l n o t i c e t h a t t h e m u s c l e s o f t h e q u a d r i c e p s e x t e n s o r o f t h e 

t h i g h f a i l t o p r o d u c e a n y r e s p o n s i v e m o v e m e n t o f t h e l i m b , 

s i n c e t h e r e f l e x a c t i o n o f t h e s p i n a l c o r d i s i m p a i r e d . T h i s 

t e s t i s o n e w h i c h i s n o w r e g a r d e d b y s p e c i a l i s t s i n n e r v o u s 

d i seases as o n e o f g r e a t v a l u e , i n d e c i d i n g as t o t h e p r e s e n c e 

o f p o s t e r i o r s p i n a l s c l e r o s i s , a n d i t i s k n o w n as t h e " p a t e l l a 

r e f l e x " t e s t . 2 

1 See page 148 of this volume. 
2 In reference to the diminution of the different reflexes, much has already been men

tioned in preceding pages. I quote, however, a summary of Professor Seguin upon this 
point, as a general resume. 

" We test the so-called patellar reflex, or knee reflex, or patellar tendon reflex, in the 
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N o w , i t m u s t be e v i d e n t t o y o u a l l , t h a t t h e s y m p t o m s 

w h i c h h a v e b e e n h a s t i l y e n u m e r a t e d as i n d i c a t i n g a l e s i o n i n 

following ways: the patient, being seated, is told to cross one leg over the other in a 
natural manner, and to let the muscles relax ; or, seated, we place our left hand under the 
popliteal space, tell the patient not to help us, to let the leg hang loose, or, in popular 
parlance, ' dead/ and l i f t the whole limb so that the foot swings a couple of inches 
above the floor ; then we tap the skin over the whole of the region from the insertion of 
the quadriceps femoris to the tuberosity of the tibia, with one or two finger tips applied 
as in percussion. The place whence a reflex quadriceps contraction is most apt to occur 
is about midway between the lower end of the patella and the tibial protuberance. The 
taps should be gentle at first, and, if these fail, harder ones are to be tried. A third 
mode of procedure, which is very good indeed, is to seat the patient on a table so that his 
legs dangle some two or three inches beyond its edge ; then we tap the patellar region as 
above described, without supporting the thigh with our left hand. The test may be well 
done through the patient's clothing, yet it is desirable, especially in doubtful cases, to tap 
the bare skin. Another important precaution is to secure the absolute relaxation of the 
patient's muscles, and to divert his attention from jvhat you are doing. Even with all 
precautions, it is sometimes next to impossible to secure this indispensable muscular re
laxation. In the healthy subject this test develops a contraction of the quadriceps ex
tensor femoris, and causes an extension of the leg or a sudden jerk. In a very early 
stage of posterior spinal sclerosis no contraction takes place. 

" I would also call attention to the occasional occurrence of reflex movements of the 
thigh, produced by contraction of the iliac group of muscles during the knee test. I have 
an example of this distant reflex action in a typical case of sclerosis of the posterior col
umns, in which the quadriceps does not contract at all. 

"While claiming very great diagnostic value for this negative symptom, I would not be 
understood as attaching pathognomonic significance to it, as we all know that there are a 
few seemingly healthy individuals in whom the patellar tendon reflex is lacking, and also 
that there are other diseases which diminish or abolish it. Indeed, I may say that I rec
ognize no pathognomonic symptom, and, even in attempts to push diagnosis to an extreme 
delicacy, would urge that reliance be placed on the grouping of symptoms, rather than on 
any one of the signs, however constant and important it may appear. 

" Physiologically analogous to this condition of loss of tendinous reflexes is the flabby 
state of the muscles in the affected parts. This is not due to any positive atrophy, as 
electrical tests show us marked departure from the normal reactions, but to impairment 
of what physiologists call muscular tonus—a state of partial contraction or tension of 
muscles, which is kept up by the inevitable and continued excitation of the cutaneous nerves 
by air, clothing, surrounding objects, etc., acting in a reflex way through the spinal cord. 
I t has been recently claimed that this loss of muscular tonus was the most important factor 
in the production of the ataxic movements which characterize the second stage of the disease. 

" The vesical and rectal reflexes are diminished in posterior spinal sclerosis. Slow, 
irregular micturition is complained of by most patients, in the first stage and in the sec
ond. We usually micturate without using much volition, but the tabetic patient is obliged 
to strain and to try hard to pass water. Defecation is, like micturition, a semi-voluntary 
act, and in the late first stage of the disease in question constipation becomes more and 
more marked, and that through loss of the automatic or reflex action of the rectum and 
adjacent muscles. 

" The sexual act is, in my experience, frequently impaired and sometimes almost lost 
before the second stage sets in. The acts of erection and emission are usually brought 
about in a reflex manner by irritation of the skin and mucous membrane of the srenitals. 
As a result of diminished spinal reflex action we have imperfect erections, and either 
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t h e p o s t e r i o r c o l u m n s o f t h e s p i n a l c o r d h a v e s u s t a i n e d t h e 

p h y s i o l o g i c a l e x p e r i m e n t s a n d d e d u c t i o n s as r e g a r d s t h e p r o b 

a b l e f u n c t i o n o f t h e s e p a r t s . W c h a v e f o u n d t h a t sensation 

i s a f f e c t e d i n v a r i o u s w a y s a n d d e g r e e s ; t h a t coordination o f 

m u s c u l a r m o v e m e n t i s i n t e r f e r e d w i t h i n t h e a d v a n c e d s t a g e s 

o f t h e d e s t r u c t i v e p r o c e s s ; a n d , finally, t h a t t h e reflex f u n c 

tion o f t h e s p i n a l c o r d i s i m p a i r e d , w h e n t h e s e n s o r y n e r v e s 

b e c o m e i n c a p a b l e o f p r o p e r l y t r a n s m i t t i n g t h e i r i m p u l s e s t o 

t h e m o t o r c e l l s o f t h e c o r d . 

S e v e r a l t h e o r i e s h a v e b e e n a d v a n c e d t o e x p l a i n t h e d e v e l 

o p m e n t o f a t a x i c s y m p t o m s , a l l o f w h i c h w i l l h e l p t o fix s o m e 

a n a t o m i c a l p o i n t , p r e v i o u s l y m e n t i o n e d , - f o r c i b l y i n y o u r m e m 

o r i e s . T h e s e t h e o r i e s m a y b e t h u s e n u m e r a t e d : 

1 . T h a t t h e d e s t r u c t i o n o f t h e commissural fibers w h i c h 

c o n n e c t t h e d i f f e r e n t s e g m e n t s o f t h e c o r d causes a t a x i a . 

2 . T h a t t h e tonic action, w h i c h i s c l a i m e d t o b e n o r m a l l y e x 

e r t e d b y t h e s p i n a l c o r d u p o n t h e m u s c u l a r t i s s u e s o f t h e b o d y , 

i s i m p a i r e d ; h e n c e , a c e r t a i n u n n a t u r a l r e l a x a t i o n o f s o m e p a r t s 

e x i s t s , w h i c h i n d u c e s i r r e g u l a r i t y o f m u s c u l a r m o v e m e n t s . 

3. T h a t t h e c o n d i t i o n o f anaes thes ia , w h i c h i s p r o b a b l y p r e s 

e n t i n t h e m u s c u l a r t i s s u e s as w e l l as i n t h e s k i n , d e s t r o y s t h e 

s o - c a l l e d "muscular sense"/ h e n c e , t h e p a t i e n t s c a n n o t p r o p 

e r l y g u i d e t h e c o n t r a c t i o n s o f m u s c l e s . 

" SYSTEMATIC LESIONS " OF TIIE " KINESODIC SYSTEM." 

A s h a s b e e n s t a t e d i n t h e a n a t o m i c a l d e s c r i p t i o n o f t h e 

s p i n a l c o r d , t h e k i n e s o d i c o r m o t o r r e g i o n s o f t h e c o r d i n c l u d e 

premature emission, or, what is more common, I believe, very slow production of the 
orgasm, and impossibility of repetition within a reasonable time. 

"Some writers admit abnormally great sexual power in the early stage of tabes, but I 
am not sure to have met with more than one or two cases in which this seemed to be the 
case. In one of the patients, a female, I became convinced that her extraordinary ca
pacity for sexual intercourse was not in a strict sense pathological or pre-tabetic, but had 
been marked in one shape or another from childhood. 

" I t seems reasonable at the present time to advance this general proposition: that, in 
posterior spinal sclerosis, the various reflex actions performed by means of those portions 
of the cord which are the scat of sclerosis are diminished or lost; or, to put it in another 
way more useful for practice, it may be said that the limitations of loss of reflex action in 
different parts of the body accurately indicate the limits of sclerosis in the posterior sen
sory apparatus in the spinal axis." 

23 
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t h e c o l u m n s o f T u r c k 1 ( c a l l e d a l s o t h e " d i r e c t p y r a m i d a l 

f a s c i c u l i " ) , t h e a n t e r i o r r o o t zones, t h e a n t e r i o r p o r t i o n o f t h e 

l a t e r a l c o l u m n s , a n d t h e p o s t e r i o r p o r t i o n o f t h e l a t e r a l c o l 

u m n s ( c a l l e d a l s o t h e " c r o s s e d p y r a m i d a l f a s c i c u l i " ) . A s 

i n d i c a t e d i n t h e t a b l e o f d iseases o f t h e s p i n a l c o r d , 2 s e v e r a l 

d i s t i n c t a n d s e p a r a t e a f f e c t i o n s o f t h e s e c o m p o n e n t p a r t s m a y 

e x i s t , e a c h o f w h i c h p r e s e n t s s o m e s y m p t o m s w h i c h a r e spe

c i a l l y d i a g n o s t i c . 

W h e n w e r e v i e w t h e p o i n t s m e n t i o n e d as t o t h e f u n c 

t i o n s o f t h e k i n e s o d i c s y s t e m , w e s h o u l d e x p e c t t o f i n d t h a t 

a n y l e s i o n c o n f i n e d t o t h e r e g i o n s d e s i g n a t e d a b o v e w o u l d be 

m a n i f e s t e d b y d i s t u r b a n c e s i n t h e motor functions o f t h e b o d y 

a n d b y c e r t a i n " trophic changes " / w h i l e w e w o u l d a l s o e x 

p e c t t o f i n d a n absence o f a n y d i s t u r b a n c e i n t h e s e n s o r y n e r v e s 

o r i n t h e c o o r d i n a t i o n o f m o v e m e n t . T h i s i s f u l l y c o n f i r m e d 

b y c l i n i c a l e x p e r i e n c e . I n a l l l e s i o n s o f t h e k i n e s o d i c s y s t e m , 

w e a re a p t t o m e e t e i t h e r m u s c u l a r s p a s m , m u s c u l a r a t r o p h y , 

o r m o t o r p a r e s i s , o r p a r a l y s i s ; b u t w e a r e n e v e r c o n f r o n t e d 

w i t h f u l g u r a t i n g p a i n s , n u m b n e s s , o r a n e s t h e s i a , p r o v i d e d 

t h e p o s t e r i o r c o l u m n s ( t h e aes thesodic s y s t e m ) b e n o t s i m u l t a 

n e o u s l y i n v o l v e d . I n o r d e r t o a p p r e c i a t e t h e p o i n t s o f d i a g 

n o s i s o f t h e d i f f e r e n t f o r m s o f s y s t e m a t i c l e s i o n s w h i c h m a y 

a f f e c t t h e a n t e r i o r h a l f o f t h e c o r d , i t w i l l b e n e c e s s a r y t o d i s 

cuss , i n a g e n e r a l w a y , t h e s p e c i a l s y m p t o m s o f e a c h . 

SCLEROSIS OF THE COLUMNS OF TURCK. 

T h e c o l u m n s o f T i i r c k ( " t h e d i r e c t p y r a m i d a l f a s c i c u l i " ) 

a r e a f f e c t e d w i t h sc le ros i s , e i t h e r s e p a r a t e l y a n d a l o n e , o r i n 

c o n n e c t i o n w i t h s i m i l a r c h a n g e s i n t h e p o s t e r o - l a t e r a l c o l u m n s 

( " t h e c r o s s e d p y r a m i d a l f a s c i c u l i " ) . W h a t i t s p r o d u c i n g 

causes a r e i s , as y e t , n o t t h o r o u g h l y u n d e r s t o o d . W e s i m p l y 

k n o w , f r o m p a t h o l o g i c a l i n v e s t i g a t i o n , t h a t s c l e r o s i s o f t h e 

1 See page 298 of this volume. 
2 Tiirck may be justly considered as the pioneer in the investigation of systematic 

spinal lesions, since, as early as 1851, he recognized sclerosis of the motor columns of the 
cord and the crossed effect of brain lesions upon the motor columns. Much valuable re
search has since been performed by Vulpian, Bouchard, Flechsig, Seguin, Charcot, and 
others. 
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t w o p o r t i o n s o f t h e k i n e s o d i c s y s t e m m e n t i o n e d i s l i a b l e t o 

o c c u r s i m u l t a n e o u s l y , a l t h o u g h t h e y m a y b e i n d i v i d u a l l y 

a f f e c t e d . W e a l s o k n o w t h a t d i s e a s e o f t h e m o t o r t r a c t o f 

t h e c r u s , a b o v e t h e d e c u s s a t i o n o f t h e m o t o r n e r v e s i n t h e m e 

d u l l a , as w e l l as l e s i o n s i n t h e n u c l e u s c a u d a t u s , t h e i n t e r n a l 

c a p s u l e , t h e l o b u l u s p a r a - c e n t r a l i s , a n d t h e m o t o r r e g i o n s o f 

t h e c o r t e x , o f t e n c a u s e s w h a t i s t e r m e d " s e c o n d a r y d e g e n e r a 

t i o n 1 ' t h r o u g h o u t t h e m o t o r t r a c t o f 

t h e s p i n a l c o r d f o r i t s e n t i r e l e n g t h ; 

h e n c e , t h i s c o n d i t i o n o f t h e m o t o r 

c o l u m n s m a y b e t h e l a t e r e s u l t o f 

s o m e p r e c e d i n g b r a i n l e s i o n , a n d i s 

o f t e n c o n f i n e d t o o n e l a t e r a l h a l f o f 

t h e c o r d ( m o s t c o m m o n l y o n t h e h a l f 

o p p o s i t e t o t h e sea t o f t h e e x c i t i n g 

l e s i o n i n t h e b r a i n ) . T h e a c c o m p a 

n y i n g d i a g r a m , w h i c h i l l u s t r a t e s 

t h e c o u r s e o f t h e f i b e r s i n t h e m e 

d u l l a o b l o n g a t a , w i l l e x p l a i n w h y 

t h e s y m p t o m s p r o d u c e d b y d e 

s c e n d i n g d e g e n e r a t i o n o f t h e m o t o r 

c o l u m n s o f t h e c o r d a r e n o t a l w a y s 

p r e s e n t u p o n t h e o p p o s i t e s i d e o f 

t h e b o d y t o t h a t o f t h e b r a i n l e s i o n 

w h i c h p r o d u c e d i t , s i n c e i t s h o w s 

t h a t s o m e o f t h e f i b e r s o f t h e c o r d 

d o n o t d e c u s s a t e . 

T h i s d i a g r a m s h o w s t h a t t h e 

f i b e r s o f t h e m e d u l l a d e c u s s a t e be 

f o r e e n t e r i n g t h e s p i n a l c o r d , f o r 

t h e m o s t p a r t , 1 b u t t h a t a c e r t a i n 

p r o p o r t i o n o f t h e f i b e r s p a s s i n a 

d i r e c t l i n e f r o m t h e e n c e p h a l o n t o 

t h e c o r d . T h e f i g u r e s ( s h o w n a t 

FIG. 122.—A diagram to show the de
cussation of motor nerve fibers in 
the mcdidla oblongata. (After 
Flechsig and Seguin.) 

P. V., pons Varolii; M. 0., medulla 
oblongata; 0, olivary body; 
A. P., anterior pyramid ; D, de
cussation ; S. O, spinal cord. 
The direct and crossed bun
dles vary very much in size, a-; 
shown in the following ratios of 
crossed and direct: (100 : 00), 
(92 : 8), (84 : 16), (70 : 301, 
(52 : 48), (35 : 65), (10 : 90). 

t h e b o t t o m o f t h e d i a g r a m ) i n d i c a t e t h e r e l a t i v e p r o p o r t i o n 

1 Much of our present knowledge upon this point is due to the researches of Flechsig in 
1867, and to those of Bouchard in 1866, made in connection with Vulpian and Charcot. 
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b e t w e e n t h e d i r e c t a n d t h e d e c u s s a t i n g fibers, w h i c h h a v e 

b e e n f o u n d i n d i f f e r e n t i n s t a n c e s . N o w , as t h i s " s e c o n d a r y 

d e g e n e r a t i o n " ( c a u s e d b y l e s i o n s o f t h e e n c e p h a l o n ) f o l l o w s 

t h e i n d i v i d u a l n e r v e fibers, t h e e f f e c t s w o u l d b e m a n i f e s t e d , 

f o r t h e m o s t p a r t , u p o n t h e opposite side o f t h e b o d y , s i nce 

m o s t o f t h e fibers decus sa t e ; b u t s o m e n e r v e fibers, w h i c h d o 

n o t decussa te , w o u l d b e i m p a i r e d o n t h e same side of the spi

nal cord as t h e e x i s t i n g b r a i n l e s i o n . T h u s w e a r e e n a b l e d t o 

e x p l a i n s p i n a l s y m p t o m s o n both sides of the body, w h e n 

p r e c e d e d b y a c e r e b r a l l e s i o n ; a l t h o u g h t h e s p i n a l m a n i f e s 

t a t i o n s a re u s u a l l y d e t e c t e d o n t h e s i d e o p p o s i t e t o t h e e x c i t 

i n g cause . T h e v a r y i n g p r o p o r t i o n o f t h e s e d i r e c t fibers t o 

t h o s e w h i c h decussa t e w i l l e x p l a i n w h y t h i s s e c o n d a r y d e g e n 

e r a t i o n m a y be f o l l o w e d b y s y m p t o m s c o n f i n e d e n t i r e l y t o 

o n e s i d e o f t h e b o d y , o r , a g a i n , a f f e c t i n g b o t h s ides . 

Y o u a re p r o b a b l y w o n d e r i n g h o w i t i s p o s s i b l e t o t e l l 

w h e n t h i s s l o w l y p r o g r e s s i n g d e g e n e r a t i o n o f t h e c o l u m n s o f 

T i i r c k , o r o f t h e p o s t e r o - l a t e r a l c o l u m n s , 1 i s p r e s e n t . T A r h e n 

a n a t t a c k o f h e m i p l e g i a has o c c u r r e d , y o u h a v e p r o b a b l y 

b e e n a b l e t o d e c i d e e a r l y w h e t h e r i t i s o f c e r e b r a l o r s p i n a l 

o r i g i n ; s ince , i f c e r e b r a l , i t w i l l p r o b a b l y a f f e c t t h e s i d e o f 

t h e b o d y o p p o s i t e t o t h e seat o f t h e l e s i o n w i t h i n t h e b r a i n , 

a n d o t h e r p o i n t s i n t h e h i s t o r y w i l l p r o b a b l y c o n f i r m t h i s as 

t h e e x c i t i n g cause. S o m e t i m e a f t e r t h e a t t a c k o f h e m i p l e g i a , 

h o w e v e r , y o u w i l l n o t i c e t h a t t h e p a r a l y z e d m u s c l e s a r e be

c o m i n g m o r e o r less r i g i d , a n d t h a t a state of contracture i s 

d e v e l o p i n g . N o w , i t i s t h i s p o i n t i n t h e case t h a t s h o u l d i n 

d i c a t e t o y o u r m i n d s t h e f a c t t h a t a p r o g r e s s i v e d e s c e n d i n g 

d e g e n e r a t i o n o f t h e s p i n a l c o r d i s t a k i n g p l a c e , a n d y o u c a n 

s a f e l y e x p e c t t o find sc l e ros i s o f t h e a n t e r i o r a n d p o s t e r o - l a t 

e r a l c o l u m n s a t t h e a u t o p s y . 

I n some cases t h e c o n t r a c t u r e o f p a r a l y z e d m u s c l e s , a f t e r 

a n a t t a c k o f h e m i p l e g i a , i s a c c o m p a n i e d b y a n atrophy o f t h e 

p a r a l y z e d a n d r i g i d m u s c l e s ; so t h a t t h e i r v o l u m e b e c o m e s 

m u c h m o r e e x t e n s i v e l y i m p a i r e d t h a n w o u l d e n s u e f r o m s i m -

1 Our present knowledge leads us to infer that the anterior and lateral columns 
sess a similarity of function. 
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p i e d i s u s e . I n t h i s e v e n t , y o u m a y b e j u s t i f i e d i n s u s p e c t i n g 

t h a t t h e anterior horns of the gray matter o f t h e s p i n a l c o r d 

a r e b e c o m i n g d i s e a s e d , a c o n d i t i o n t o w h i c h t h e t e r m ' • j j o l i o -

m y e l i t i s , " o r " m y e l i t i s o f t h e a n t e r i o r h o r n s , " m a y b e f o u n d 

a p p l i e d i n t r e a t i s e s u p o n n e r v o u s d i seases . T h i s w i l l b e c o n 

s i d e r e d i n d e t a i l i n a s u b s e q u e n t l e c t u r e . 

SCLEEOSIS OF THE LATERAL COLUMNS (" TETANOID PARAPLEGIA **— 

" SPASMODIC TABES " ) . 

T h e l a t e r a l c o l u m n s ( i n c l u d i n g t h e w h o l e o f t h e m a s s o f 

w h i t e s u b s t a n c e f o u n d a t t h e s i d e s o f t h e s p i n a l c o r d ) m a y b e 

d i s e a s e d , e i t h e r as a p r i m a r y l e s i o n , f o l l o w i n g c o l d , d a m p 

ness, o v e r - e x e r t i o n , a n d s y p h i l i s , o r as a p a r t o f a s e c o n d a r y 

m o r b i d p r o c e s s ( c h i e f l y i n c o n n e c t i o n w i t h p o l i o - m y e l i t i s ) . 

I n 1875 t h e n a m e o f " s p a s t i c s p i n a l p a r a l y s i s " w a s a p p l i e d 

t o t h i s c o n d i t i o n b y E r b , 1 a n d i n 1876 C h a r c o t 2 d e s c r i b e d i t 

u n d e r t h e h e a d o f " s p a s m o d i c t a b e s . " Y o u w i l l , t h e r e f o r e , 

f i n d i t d e s c r i b e d u n d e r b o t h o f t h e s e n a m e s , a l t h o u g h I p r e f e r 

t h e n a m e , a p p l i e d t o i t b y m y f r i e n d P r o f e s s o r S e g u i n , " t e t a 

n o i d p a r a l y s i s o r p a r a p l e g i a , " s i n c e t o t h e c o m m o n m i n d i t 

best , c o n v e y s t h e i d e a o f i t s s y m p t o m a t o l o g y . 

A s t h i s l e s i o n i s o f t e n c o m b i n e d w i t h m y e l i t i s o f t h e a n t e 

r i o r h o r n s o f g r a y m a t t e r , as m e n t i o n e d a b o v e , a n d s i n c e s u c h 

d e g e n e r a t i o n o f t h e a n t e r i o r h o r n s i s a p t t o a f f e c t t h e ' ' t r o p h i c 

f u n c t i o n " o f t h e c o r d , C h a r c o t h a s a p p l i e d t o t h i s c o m p l e x 

s y s t e m a t i c a f f e c t i o n o f t h e c o r d t h e t e r m " a m y o t r o p h i c l a t e r a l 

s c l e r o s i s . " A p e c u l i a r i t y o f s c l e r o s i s o f t h e l a t e r a l c o l u m n s 

o f t h e c o r d , w h e t h e r c o m p l i c a t e d w i t h d i sease o f t h e a n t e r i o r 

h o r n s o r n o t , i s t h a t both sides o f t h e s p i n a l c o r d a r e n e a r l y 

a l w a y s i n v o l v e d a t t h e s a m e t i m e ; h e n c e , t h e o c c u r r e n c e o f 

paraplegia i s m o r e s t r o n g l y d i a g n o s t i c o f t h i s a f f e c t i o n , p r o 

v i d e d o t h e r s y m p t o m s o f v a l u e e x i s t , t h a n i f h e m i p l e g i a b e 

p r e s e n t . I s h a l l u s e t h e t e r m " t e t a n o i d p a r a p l e g i a , " t h e r e 

f o r e , i n p r e f e r e n c e t o t h e o t h e r n a m e s s u g g e s t e d b y t h e a u 

t h o r s q u o t e d , i n d e s c r i b i n g t h e s y m p t o m s w h i c h a r e d i a g 

n o s t i c o f t h i s a f f e c t i o n . 

1 Op. cit. 2 Op. cit. 
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W h e n t h e sc l e ros i s o f t h e l a t e r a l c o l n m n s a f f e c t s t h e cervi

cal enlargement o f t h e s p i n a l c o r d ( w h e r e t h e n e r v e s t o t h e 

u p p e r e x t r e m i t i e s are. g i v e n o f f ) , t h e s y m p t o m s a p p e a r first i n 

t h e h a n d s . T h e a f f e c t e d p a r t s h a v e a p e c u l i a r sense o f f o r m i 

c a t i o n , l i k e t h e c r e e p i n g o f a n t s o v e r t h e p a r t . T h e y u n d e r g o 

r a p i d a t r o p h y ( i f t h e a n t e r i o r h o r n s a r e a f f e c t e d x ) , c a u s i n g 

t h e h a n d s t o b e c o m e b o n y f r o m d i s a p p e a r a n c e o f t h e i n t e r -

ossei m u s c l e s , a n d t h e p a r t s b e c o m e s i m u l t a n e o u s l y p a r a 

l y z e d . S o o n a c o n t r a c t u r e o f t h e p a r a l y z e d m u s c l e s d e v e l o p s , 

p r o d u c i n g t h e s o - c a l l e d " c l a w - h a n d d e f o r m i t y . " T h e l o w e r 

l i m b s b e c o m e a t first p a r e t i c , b u t g r a d u a l l y d e v e l o p a p a r a 

l y z e d a n d c o n t r a c t u r e d c o n d i t i o n ; a l t h o u g h t h e c o n t r a c t u r e d 

s t a t e o f t h e m u s c l e s i s v e r y m u c h m o r e a p p a r e n t w h e n t h e 

p a t i e n t s t a n d s a n d a t t e m p t s t o w a l k t h a n w h e n l y i n g i n b e d , 

s ince t h e r i g i d i t y a l m o s t d i s a p p e a r s w h e n i n t h e r e c u m b e n t 

p o s i t i o n . I f t h e l e s i o n e x t e n d u p w a r d t o t h e r e g i o n o f t h e 

m o t o r b u l b a r n e r v e s , t h e s y m p t o m s o f g l o s s o - l a b i o - l a r y n g e a l 

p a r a l y s i s 2 m a y be d e v e l o p e d , i n a d d i t i o n t o t h e o t h e r s y m p 

t o m s d e s c r i b e d . T h e m u s c l e s o f t h e l e g s d o n o t g e n e r a l l y 

w a s t e , a n d t h e b l a d d e r a n d r e c t u m a r e n o t , as a r u l e , p a r a 

l y z e d . N o ev idences o f anaes thes ia c a n b e u s u a l l y d i s c o v e r e d 

i n t h e r e g i o n s a f f e c t e d . 

I n t e t a n o i d p a r a p l e g i a , t h e r e i s a m a r k e d increase i n t h e 

reflex excitability o f t h e a f f e c t e d p a r t s . I t i s t o t h i s i n c r e a s e 

i n a l l t h e r e f l e x m o v e m e n t s t h a t t h e p e c u l i a r g a i t o f t h i s c lass 

o f p a t i e n t s m a y b e a t t r i b u t e d . T h u s , t h e i n c r e a s e d a c t i o n o f 

t h e a d d u c t o r m u s c l e s t e n d s t o m a k e t h e l e g s a l m o s t c ross e a c h 

o t h e r i n w a l k i n g ; 3 t h e e x c e s s i v e a c t i o n o f t h e m u s c l e s o f t h e 

c a l f r a i ses t h e h e e l , a n d t h e l egs m o v e w i t h a s t i f f n e s s w h i c h 

m a k e s a c o n t r a s t w i t h t h e n o r m a l a c t o f w a l k i n g . I n t h e l a s t 

s tages o f t h i s a f f e c t i o n , w h e n t h e p a t i e n t b e c o m e s b e d r i d d e n , 

1 A complex condition, termed by Charcot " amyotrophic lateral sclerosis." The pa
tient at first walks with a cane, then with crutches, and later on requires an attendant. 

2 The symptoms of this affection (Duchcnne's disease) have been given in detail in 
connection with the hypo-glossal nerve. The reader is referred to page 279 of this 
volume. 

3 When both the lower limbs arc affected by lesions of the lateral columns of the 
cord, the legs frequently become interlocked at every attempt to walk. 
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t h e i n c r e a s e d r e f l e x e x c i t a b i l i t y c ause s t h e l e g s t o b e c o m e 

s e m i - f l e x e d a n d a d d u c t e d , a n d t h e m u s c l e s a r e s e n s i b l y h a r d 

e n e d . I t i s a c l i n i c a l p o i n t o f s o m e v a l u e t h a t t h e m u s c l e s 

a f f e c t e d w i t h t e t a n o i d p a r a p l e g i a r e t a i n t h e i r n o r m a l s ize , n u 

t r i t i o n , a n d e l e c t r i c a l r e a c t i o n s ( p r o v i d e d t h a t t h e a n t e r i o r 

h o r n s a r e n o t d i s e a s e d ) . T h i s c o n d i t i o n i s q u i t e c o m m o n l y 

m e t w i t h i n c h i l d r e n ; 1 a n d t h e l i t t l e s u f f e r e r s c a n n o t o f t e n 

s t a n d o r w a l k , f r o m t h e s p a s m o d i c a c t i o n o f t h e m u s c l e s o f t h e . 

l e g s . I n a d u l t s , as a f u r t h e r e v i d e n c e o f t h e i n c r e a s e d r e f l e x 

e x c i t a b i l i t y o f p a r t s , t h e a c t o f p a s s i n g t h e u r i n e o r faeces be 

c o m e s o n e w h i c h r e q u i r e s t h e p a t i e n t t o h u r r y w i t h a l l p o s s i b l e 

s p e e d , i n o r d e r t o a v o i d a s u d d e n a n d i n v o l u n t a r y e v a c u a t i o n . 

N o w , t h e a b s e n c e o f anaes thes ia , o f n u m b n e s s , a n d o f f u l 

g u r a t i n g p a i n s , w i l l e a s i l y a s s i s t y o u t o d i a g n o s e b e t w e e n a 

case o f d i s e a s e o f t h e p o s t e r i o r c o l u m n s a n d t h a t o f t h e l a t 

e r a l c o l u m n s o f t h e c o r d , a l t h o u g h t h e p e c u l i a r i t y o f g a i t 

m a y f o r a w h i l e c o n f u s e y o u . T h e i n c r e a s e i n t h e " p a t e l l a r 

r e f l e x " a a n d t h e a c t u a l l o s s o f p o w e r o f i n d i v i d u a l m u s c l e s 

w i l l a l s o a s s i s t y o u i n t h e d i a g n o s i s ; w h i l e i n t e t a n o i d p a r a 

p l e g i a t h e m u s c l e s a r e s t i f f e n e d , e s p e c i a l l y w h e n s t a n d i n g o r 

w a l k i n g , s e n s a t i o n s a r e n o t d e l a y e d , a n d c o o r d i n a t i o n o f 

m o v e m e n t i s n o r m a l l y p e r f o r m e d . 

MYELITIS OF THE ANTERIOR HORNS ("ATROPHIC SPINAL 

PARALYSIS " ) . 

A s s h o w n i n t h e t a b l e 3 o f d i s ea se s w h i c h m a y a f f e c t t h e 

k i n e s o d i c s y s t e m o f t h e s p i n a l c o r d , t h e a n t e r i o r h o r n s o f g r a y 

m a t t e r m a y b e t h e sea t o f d e g e n e r a t i o n . A s i n a l l o t h e r l e 

s i o n s o f t h e m o t o r t r a c t o f t h e c o r d , t h e s y m p t o m s o f t h i s 

a f f e c t i o n a r e c o n f i n e d t o m o t o r p h e n o m e n a , a n d c h a r a c t e r i z e d 

b y t h e a b s e n c e o f s e n s o r y e f f e c t s ( anaes thes ia , n u m b n e s s , 

e t c . ) ; b u t , i n a d d i t i o n t o t h e m o t o r p h e n o m e n a , c e r t a i n tro-

1 These children are often microcephalic or idiotic; hence the symptoms may be due 
to an incomplete development of the motor tract of the spinal cord. I t is stated by Se
guin that circumcision can not be considered as a curative measure in all cases, since 
Jewish children, circumcised at birth, have been frequently seen by him witn typical evi
dences of this disease. 

2 Sec page 323 of this volume. 3 See page 315 of this volume. 
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phic clianges b e c o m e p r o m i n e n t l y d e v e l o p e d , w h i c h a r e o f 

s p e c i a l v a l u e t o t h e d i a g n o s t i c i a n . 

I n t h i s l e s i o n w e f i n d , a f t e r d e a t h h a s o c c u r r e d , t h a t t h e 

m o t o r ce l l s o f t h e c o r d h a v e u n d e r g o n e a t r o p h y ( d u e , p r o b 

a b l y , t o a n a c u t e i n f l a m m a t o r y d e g e n e r a t i o n a s s o c i a t e d w i t h 

p i g m e n t a t i o n o f t h e p a r t s ) , a n d t h a t t h e a n t e r i o r r o o t s o f t h e 

s p i n a l n e r v e s h a v e l i k e w i s e u n d e r g o n e a f a t t y m e t a m o r p h o s i s . 

T h e c o n d i t i o n m a y be o f t h r e e d i s t i n c t t y p e s , w h i c h a r e c a l l e d 

t h e a c u t e , s u b - a c u t e , a n d c h r o n i c v a r i e t i e s , a n d e a c h p r e s e n t s 

c e r t a i n c h a r a c t e r i s t i c s y m p t o m s . T h e t e r m "polio-myelitis" 

i s f r e q u e n t l y u s e d as a s y n o n y m f o r t h i s c h a n g e i n t h e a n t e 

r i o r h o r n s . 

T h e a c u t e f o r m i s m a n i f e s t e d b y t h e p r e s e n c e o f a f e v e r , 

e i t h e r o f t h e c o n t i n u e d o r r e m i t t e n t t y p e , w h i c h i s u s u a l l y ac

c o m p a n i e d b y p a i n s a n d a sense o f n u m b n e s s i n t h e l i m b s . 

A s t h e f e v e r subs ide s , u s u a l l y i n t h e c o u r s e o f s e v e r a l d a y s , 

a n extensive paralysis i s s u d d e n l y d e v e l o p e d . T h i s p a r a l y s i s 

m a y a f f e c t b o t h a r m s a n d b o t h l egs , t h e l e g s a l o n e , o r , pos 

s i b l y , o n l y o n e o f t h e f o u r e x t r e m i t i e s ; i t m a y o c c a s i o n a l l y b e 

a h e m i p l e g i a , i f o n e s i d e o f t h e c o r d i s a l o n e i n v o l v e d . I n a 

l o n g e r o r s h o r t e r space o f t i m e , t h i s p a r a l y s i s g r a d u a l l y d i m i n 

i shes ; t h e b l a d d e r a n d r e c t u m r e m a i n u n i m p a i r e d t h r o u g h o u t 

t h e a t t a c k o f p a r a l y s i s ; n o anaes thes ia o r n u m b n e s s c a n be 

d e t e c t e d i n t h e p a r a l y z e d p a r t s ; a n d t h e r e i s n o t e n d e n c y t o 

t h e d e v e l o p m e n t o f bed-sores . I f y o u t e s t t h e p a r a l y z e d 

l i m b s f o r r e f l e x m o v e m e n t s , y o u w i l l u s u a l l y f i n d t h e m t o t a l l y 

a b o l i s h e d . I f y o u a p p l y t h e f a r a d i c c u r r e n t , t h e m u s c l e s 

w i l l f a i l t o r e s p o n d ; b u t , w h e n t h e c o n s t a n t c u r r e n t i s u s e d , 

y o u w i l l n o t i c e a s l o w c o n t r a c t i o n , a n d c e r t a i n v a r i a t i o n s i n 

t h e u s u a l f o r m u l a e o f g a l v a n i c r e a c t i o n w i l l s t a m p t h e c o n d i 

t i o n as one o f d e g e n e r a t i o n . 2 W h a t t he se f o r m u l a e a r e c a n b e 

1 This is not always the case, as the reflex movements are oftentimes only decreased 
in frequency and force. 

2 " Remarkably distinct evidences of the degenerative reaction to electricity are ob
tained from the second to the tenth week. The nerve trunks supplying the paralyzed 
muscular groups lose their excitability to faradism and galvanism, and these wasting 
muscles react only to galvanism, and their reaction formula is altered from the normal; 
in general terms, we may say that An c c = Ka c c, or even An c c > Ka c c; and all con
tractions are slow and wave-like." (E. C. Seguin, "Med. Record," 1878.) 
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e a s i l y f o u n d i n a n y o f t h e s p e c i a l t r e a t i s e s o n t h e t r e a t m e n t 

a n d d i a g n o s i s o f n e r v o u s a f f e c t i o n s . N o w , i n t h i s t y p e o f 

m y e l i t i s , y o u w i l l n o t h a v e t o w a i t l o n g t o d e c i d e as t o i t s 

c h a r a c t e r . I n a f e w d a y s o r w e e k s t h e m u s c l e s o f t h e p a r a 

l y z e d l i m b s w i l l s h o w a r a p i d w a s t i n g , s i n c e t h e m u s c l e s a r e 

u n d e r g o i n g a t r o p h y ; a n d t h i s w a s t i n g i s m a r k e d l y p r o g r e s 

s i v e , s i n c e t h e c h a n g e i n t h e m u s c l e s c o n t i n u e s t o e x t e n d u n t i l 

a m o s t c h a r a c t e r i s t i c a n d p e r m a n e n t d e f o r m i t y r e s u l t s , p r o 

v i d e d t h a t r e c o v e r y d o e s n o t o c c u r . 

T h i s c o n d i t i o n o f t h e c o r d i s f r e q u e n t l y a s s o c i a t e d w i t h 

s c l e r o s i s o f t h e l a t e r a l c o l u m n s ; h e n c e , i t i s n o t i n f r e q u e n t t o 

o b s e r v e a s t a t e o f c o n t r a c t i o n i n t h e p a r a l y z e d m u s c l e s , w h i c h 

l a s t s i n a v a r y i n g d e g r e e , u n t i l t h e a t r o p h y o f t h e c o n t r a c t u r e d 

m u s c l e s d e s t r o y s t h e i r p o w e r o f p r o d u c i n g d e f o r m i t y . T h e s e 

c o n t r a c t i o n s a r e n o t i n e v i t a b l y p e r m a n e n t , i f p r e s e n t i n t h e 

FIG. 125.—Atrophic spinal paralysis, with contracture. (Hammond.) 

e a r l y s t ages o f t h e d i sease , as t h e y m a y t o t a l l y d i s a p p e a r i n 

e x c e p t i o n a l c a s e s ; b u t t h e y u s u a l l y r e t u r n w i t h i n c r e a s e d 

d e f o r m i t y as t h e d i s e a s e p r o g r e s s e s . 

I n t h o s e cases o f s o - c a l l e d " i n f a n t i l e s p i n a l p a r a l y s i s , " a n d 

i n s i m i l a r cases a f f e c t i n g t h e a d u l t , a non-febrile variety o f 

t h i s a f f e c t i o n m a y b e m e t w i t h , w h e r e t h e d i s ea se b e g i n s w i t h 

n o i n i t i a l s y m p t o m s , b u t w h e r e t h e p a r a l y s i s a n d a l l subse 

q u e n t s y m p t o m s m e n t i o n e d a b o v e a r e d e v e l o p e d s u d d e n l y . 
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T h e chronic form o f m y e l i t i s o f t h e a n t e r i o r h o r n s i s se l 

d o m t o b e d i a g n o s e d f r o m p r o g r e s s i v e m u s c u l a r a t r o p h y . I t 

i s c l a i m e d t h a t t h e severe n e u r a l g i c p a i n s w h i c h a c c o m p a n y 

t h e w a s t i n g p rocess o f t h e f o r m e r a r e d i a g n o s t i c b e t w e e n t h e 

t w o a f f e c t i o n s , a n d t h a t t h e d e g e n e r a t i o n o f t h e a f f e c t e d p a r t s 

does n o t a s s u m e t h e fibrillary o r fascicular c h a r a c t e r o f t r u e 

p r o g r e s s i v e a t r o p h y , d e p e n d e n t u p o n c h a n g e s c o n f i n e d t o t h e 

g a n g l i o n ce l l s o f t h e s p i n a l c o r d , b u t t h e d i s t i n c t i o n i s , i n m y 

e x p e r i e n c e , a d i f f i c u l t o n e . 

T h e c o n d i t i o n o f p o l i o - m y e l i t i s t e n d s , as a r u l e , t o p r o g r e s s 

u p w a r d a l o n g t h e s p i n a l c o r d , a n d t h u s o f t e n r e a c h e s t h e m e 

d u l l a o b l o n g a t a . T h e s y m p t o m s w h i c h a r e t h e n p r o d u c e d i n 

c l u d e t h o s e o f p a r a l y s i s a n d a t r o p h y o f t h e t o n g u e , d i f f i c u l t 

d e g l u t i t i o n , i m p a i r m e n t o f speech , a n d a n a s a l q u a l i t y o f t h e 

v o i c e , d u e t o t h e p a r a l y s i s o f t h e s o f t p a l a t e . T h e e x p r e s s i o n 

o f t h e f a c e i s g r e a t l y a l t e r e d b y p a r a l y s i s o f t h e o r b i c u l a r i s 

o r i s m u s c l e , w h i c h c rea tes a n a p p a r e n t i n c r e a s e i n t h e w i d t h 

o f t h e m o u t h ; a n d , a f t e r l a u g h i n g o r w e e p i n g , t h e m o u t h r e 

m a i n s o p e n f o r a n u n u s u a l p e r i o d , a n d t h u s f a v o r s t h e escape 

o f s a l i v a . 

PROGRESSIVE MUSCULAR ATROPHY (DEGENERATION OF THE GAN

GLION CELLS OF THE ANTERIOR HORNS). 

D e g e n e r a t i o n o f t h e ganglion cells o f t h e a n t e r i o r h o r n s o f 

t h e c o r d i s p a t h o l o g i c a l l y d i s t i n g u i s h e d f r o m t h e c o n d i t i o n j u s t 

d e s c r i b e d , s i nce t h e r e s u l t s o f t h e f o r m e r w e r e o f a n i n f l a m 

m a t o r y c h a r a c t e r , w h i l e t h e l a t t e r i s a p u r e l y d e g e n e r a t i v e 

p r o c e s s o f p r i m a r y o r i g i n . T h e f o r m e r w a s r a p i d i n i t s e f f e c t s ; 

t h i s d i sease i s s l o w , s i nce t h e g a n g l i o n c e l l s u n d e r g o m o l e c u l a r 

d i s i n t e g r a t i o n . W e m a y e x p e c t t o find, a t t h e a u t o p s y o f 

s u c h a case, t h e ce l l s c h a n g e d i n t o a g r a n u l a r c o n d i t i o n , a n d 

m o r e o r less d e s t r o y e d ; w h i l e , i n e x t r e m e cases, t h e a n t e r i o r 

h o r n s o f g r a y m a t t e r o f t h e a f f e c t e d p a r t m a y b e u t t e r l y 
d e s t i t u t e o f t he se ce l l s . 

I t i s t h i s p a t h o l o g i c a l c h a n g e t h a t c r ea t e s t h e t r a i n o f 

s y m p t o m s c a l l e d ' ' p r o g r e s s i v e m u s c u l a r a t r o p h y . " T h e m u s 

cles , s u p p l i e d b y n e r v e s c o n n e c t e d w i t h t h e sea t o f d e g e n e r -
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a t i o n , b e g i n t o s h o w a s l o w l y d e v e l o p i n g a t r o p h y o f c e r t a i n 

fibers o r b u n d l e s , w h i l e o t h e r p a r t s o f t h e m u s c l e m a y a p 

p e a r p e r f e c t l y n o r m a l ; t h u s i t m a y t a k e m o n t h s f o r a n e n t i r e 

m u s c l e t o b e c o m e c o m p l e t e l y w a s t e d , 

t h e m u s c l e s h o w i n g d u r i n g i t s c o n 

t r a c t i o n t h e g r a d u a l a t r o p h y o f ce r 

t a i n p a r t s . T h i s d i s e a s e s e e m s t o e x i s t 

m o s t c o m m o n l y i n t h e m u s c l e s o f t h e 

h a n d , t h i g h s , a n d c h e s t , a n d a s y m m e 

t r y 1 i n i t s d e v e l o p m e n t i s a c h a r a c t e r 

i s t i c f e a t u r e . I t i s s e l d o m a s s o c i a t e d 

w i t h a n y s e n s o r y s y m p t o m s . I n t h e 

r a r e s t cases w i l l y o u b e a b l e t o d e t e c t 

t h e e x i s t e n c e o f p a i n ; 3 a n d s y m p t o m s 

o f anaes thes i a a r e w h o l l y a b s e n t . A n 

o t h e r p o i n t w h i c h w i l l a s s i s t y o u i n 

d i a g n o s i s i s t h e absence of paralysis ; 

a l t h o u g h t h e a f f e c t e d m u s c l e s m a y s h o w 

a los s o f p o w e r i n p r o p o r t i o n t o t h e ac

t u a l d e s t r u c t i o n o f m u s c u l a r t i s s u e . I f 

y o u a p p l y t h e f a r a d i c c u r r e n t t o t h e 

a f f e c t e d m u s c l e s , y o u w i l l find t h a t t h e y 

r e s p o n d t o i t s i n f l u e n c e i n e x a c t p r o 

p o r t i o n t o t h e e x t e n t o f t h e d e g e n e r a 

t i o n , so t h a t t h e u n a f f e c t e d f a s c i c u l i 

w i l l b e t h r o w n i n t o c o n t r a c t i o n . T h i s 

i s i n m a r k e d c o n t r a s t t o t h e e f f e c t o f 

t h e f a r a d i c c u r r e n t u p o n t h e m u s c l e s i n 

t h e case o f m y e l i t i s o f t h e a n t e r i o r 

h o r n s , w h e r e t h e m u s c l e s f a i l e d t o r e 

s p o n d i n t h e i r e n t i r e t y , e v e n b e f o r e t h e y s h o w e d a n y e v i d e n c e 

o f a t r o p h y . 
T h e m u s c l e s w h i c h a r e u n d e r g o i n g t h e e a r l y c h a n g e s o f 

1 The atrophy affects parts which are not only symmetrical, but homologous. I t is 
common to see both shoulders simultaneously atrophied, or the arms and thighs, or the 
forearms and the legs. 

• Hammond states that pain is perceived after exertion, but he attributes it to muscular 
fatigue rather than to central causes. 

FIG. 124.—Progressive mus
cular atrophy of upper 
extremity. (Hammond.) 
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t h i s w a s t i n g a re t h e seat o f w h a t a re c a l l e d flbrillary contrac

tions.1 T h e s e a re p r o d u c e d b y t h e i n v o l u n t a r y r a p i d c o n t r a c -

FIG. 125.—Progressive muscular atrophy. Age of patient, forty-Jive years. (From Fried
reich.) 

t i o n s o f f a s c i c u l i o f f i b e r s i n a m u s c l e . S o m e t i m e s a p a t i e n t 

i s c o v e r e d w i t h t h e m . S o m e y e a r s ago , t h e s e f i b r i l l a r y c o n 

t r a c t i o n s w e r e h e l d t o b e p a t h o g n o m o n i c , b u t I c a n a s s u r e 

y o u t h a t t h i s i s n o t so, as t h e y m a y b e o b s e r v e d i n l e a d p a l s y , 

1 These peculiar twitchings give the appearance of something alive being underneath 
the skin. Hammond states that " they can always be excited by a smart tap of the fin
ger upon.the atrophied muscle." 
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i n c o n d i t i o n s o f n e u r a s t h e n i a , a n d i n s i m p l e p a r a l y s i s . I n 

d e e d , m a n y y e a r s a g o P r o f e s s o r S c h i f f , n o w o f G e n e v a , s h o w e d 

t h a t m u s c l e s s e p a r a t e d f r o m t h e i r m o t o r n e r v e s w e r e p r o n e t o 

s h o w f i b r i l l a r y c o n t r a c t i o n s . 

T h e ball of the thumb i s o f t e n t h e s t a r t i n g - p o i n t o f t h i s 

d i s ea se . F o r s o m e r e a s o n , t h e m u s c l e s o f t h e f o o t a r e n o t a f 

f e c t e d i n t h e s a m e p r o p o r t i o n i n t h o s e cases w h e r e t h e l o w e r 

e x t r e m i t y i s i n v o l v e d as t h e h a n d i s i n cases a f f e c t i n g t h e 

u p p e r e x t r e m i t y . I n s o m e i n s t a n c e s , e v e r y m u s c l e i n a r e g i o n 

b u t o n e m a y b e a t r o p h i e d , a n d t h a t o n e s e e m t o r e m a i n p e r 

f e c t l y n o r m a l . I f y o u u s e a s u r f a c e t h e r m o m e t e r , y o u w i l l 

g e n e r a l l y d e t e c t a f a l l of temperature o v e r t h e a f f e c t e d m u s 

c l e s . 1 W h e n t h e r e s p i r a t o r y m u s c l e s b e c o m e i n v o l v e d , d e a t h 

m a y b e p r o d u c e d f r o m i m p e r f e c t p e r f o r m a n c e o f t h a t f u n c 

t i o n . T h e d i s e a s e s eems t o a f f e c t m a l e s r a t h e r t h a n f e m a l e s , 

a n d t o b e m o s t f r e q u e n t d u r i n g m i d d l e l i f e . I t i s s o m e t i m e s 

a s s o c i a t e d w i t h a c o n g e n i t a l p r e d i s p o s i t i o n . 2 

T h e muscles of the thigh a r e f r e q u e n t l y a f f e c t e d w i t h 

a t r o p h y , f o l l o w i n g d e g e n e r a t i o n o f t h e g a n g l i o n c e l l s o f t h e 

a n t e r i o r h o r n s o f t h e s p i n a l g r a y m a t t e r . T h i s causes n o t 

o n l y a v e r y m a r k e d d e f o r m i t y ( s i n c e t h e c a l f m a y e v e n e x 

c e e d t h e t h i g h i n i t s c i r c u m f e r e n c e ) , b u t a p e c u l i a r i t y o f g a i t 

i s t h u s p r o d u c e d w h i c h d i f f e r s f r o m t h o s e d e s c r i b e d i n c o n 

n e c t i o n w i t h l o c o m o t o r a t a x i a , t e t a n o i d p a r a p l e g i a , a n d 

p a r e s i s . 

I f t h e e x t e n s o r m u s c l e s , w h i c h a r e s i t u a t e d u p o n i t s a n 

t e r i o r p o r t i o n , a r e a t r o p h i e d , t h e f o o t c a n n o t b e c a r r i e d f o r 

w a r d i n t h e n o r m a l m a n n e r , i f a t a l l ; w h i l e t h e l e g a n d f o o t 

c a n n o t b e r a i s e d , i f t h e f l e x o r m u s c l e s o f t h e k n e e j o i n t b e 

i m p a i r e d b y a n a t r o p h y c o n f i n e d t o t h e p o s t e r i o r a s p e c t o f 

t h e t h i g h , t h u s c o m p e l l i n g t h e p s o a s a n d i l i a c u s m u s c l e s t o 

l i f t t h e w e i g h t o f t h e e n t i r e u p p e r e x t r e m i t y b y u s i n g t h e 

p e l v i s as a fixed p o i n t . 

1 Hammond reports this fall in temperature as often reaching five degrees below the 
normal standard. 

2 See the careful investigations made by Hammond, and reported by him in his excel
lent work, " A Treatise on the Diseases of the Nervous System." New York : D. Apple-
ton t Co., 1S76. 
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Distortions o f t h e a f f e c t e d m e m b e r s o f t e n a c c o m p a n y t h e 

c o n d i t i o n o f p r o g r e s s i v e m u s c u l a r a t r o p h y . T h e s e a r e t o b e 

a c c o u n t e d f o r b y t h e f a c t t h a t a s i m u l t a n e o u s i m p a i r m e n t o f 

a l l t h e m u s c l e s s e l d o m o c c u r s , a n d t h o s e a n t a g o n i s t i c t o t h e 

ones a f f e c t e d t e n d t o p r o d u c e a n a b n o r m a l i t y o f a t t i t u d e i n 

t h e p a r t u p o n w h i c h t h e y b o t h a c t e d i n h e a l t h . 

CENTRAL MYELITIS. 

A m o n g t h e diseases o f t h e k i n e s o d i c s y s t e m m a y b e m e n 

t i o n e d t h e c o n d i t i o n k n o w n as " c e n t r a l m y e l i t i s . " I n t h i s 

a f f e c t i o n , t h e g r a y m a t t e r o f t h e c o r d i s t h e sea t o f a c h r o n i c 

t y p e o f i n f l a m m a t i o n i n i t s c e n t r a l p o r t i o n ; h e n c e , i t m a y 

i n v o l v e e i t h e r t h e k i n e s o d i c o r t h e aes thesodic s y s t e m . T h e 

i n f l a m m a t o r y p rocess m a y e x t e n d t o t h e a n t e r i o r h o r n s , o r 

m a y c rea t e c o m p r e s s i o n o f t h e c o r d , i n a l m o s t a n y p o r t i o n , b y 

t h e e x u d a t i o n w h i c h r e s u l t s . T h e s y m p t o m s o f t h i s d isease 

m u s t , t h e r e f o r e , o f n e c e s s i t y , v a r y w i t h t h e sea t o f t h e p a t h o 

l o g i c a l c h a n g e s , a n d , i n s o m e cases, b e v e r y o b s c u r e a n d a p p a 

r e n t l y c o n f u s i n g t o t h e d i a g n o s t i c i a n . W e m a y h a v e t h e m a n 

i f e s t a t i o n s c o n f i n e d , f o r a t i m e , t o t h e s e n s o r y n e r v e s , p o s s i b l y 

a c c o m p a n i e d b y p a i n , n u m b n e s s , anaesthesia , f o r m i c a t i o n , e tc . 

G r a d u a l l y c e r t a i n m a n i f e s t a t i o n s w i l l a p p e a r i n t h e m o t o r 

ne rves , a n d p a r a l y s i s o f c e r t a i n m u s c l e s a n d p o s s i b l e a t r o p h y 

m a y b e d e v e l o p e d . T h e r e f l e x a c t i o n m a y b e i n c r e a s e d i n 

s o m e p a r t s a n d d i m i n i s h e d i n o t h e r s , a c c o r d i n g t o t h e p o r t i o n 

o f t h e g r a y m a t t e r i n v o l v e d ; bed-so res a n d p a r a l y s i s o f t h e 

b l a d d e r a n d r e c t u m m a y be p r e s e n t i n s o m e cases, a n d a b s e n t 

i n o t h e r s ; t h e l egs m a y b e anaes the t i c , a n d a t t h e s a m e t i m e 

p a r a l y z e d ; so m a y t h e a r m s , w i t h o u t t h e legs , o r b o t h m a y b e 

t h u s a f f e c t e d ; c e r t a i n p a r t s m a y h a v e t h e t e t a n o i d c o n d i t i o n 

d e s c r i b e d i n a p r e v i o u s p o r t i o n o f t h i s l e c t u r e ; a n d , i n f a c t , 

e v e r y k n o w n c o m b i n a t i o n o f s e n s o r y a n d m o t o r s y m p t o m s 

m a y b e p r e s e n t , c o m p l i c a t e d o r u n c o m p l i c a t e d b y t h e e v i 

dences o f m u s c u l a r r i g i d i t y . Y o u c a n t h u s u n d e r s t a n d t h a t 

t h e d isease i s s e l d o m r e c o g n i z e d i n i t s e a r l y s tage , a n d , as i t 

o f t e n t a k e s y e a r s t o r e a c h a f u l l d e v e l o p m e n t , a n a b u n d a n t 

o p p o r t u n i t y w i l l g e n e r a l l y b e a f f o r d e d y o u f o r a c a r e f u l a n d 
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c l o s e a n a l y s i s o f t h e s y m p t o m s w h i c h a r e s u c c e s s i v e l y b r o u g h t 

t o y o u r n o t i c e . 1 

11 NON-SYSTEMATIC" OR "FOCAL LESIONS" OF THE SPINAL 
CORD. 

We have now considered, in this course of lectures upon 

t h e s p i n a l c o r d , t h o s e l e s i o n s w h i c h a r e c a l l e d ' ' s y s t e m a t i c , " 

s i n c e t h e y t e n d t o e x t e n d u p w a r d o r d o w n w a r d i n t h e s a m e 

c o l u m n o f t h e c o r d w i t h o u t s p r e a d i n g l a t e r a l l y ; a n d i t n o w 

r e m a i n s f o r u s t o r e v i e w s u c h p o i n t s as p e r t a i n t o t h o s e f o c a l 

o r n o n - s v s t e m a t i c l e s i o n s w h i c h h a v e b e e n e n u m e r a t e d i n t h e 

t a b l e o f d i s ea s e s o f t h e s p i n a l c o r d . I t i s o f t e n p o s s i b l e a n d 

o f g r e a t p r a c t i c a l i m p o r t a n c e t o t h e d i a g n o s t i c i a n t o t e l l i n 

w h a t r e g i o n o f t h e c o r d t h e l e s i o n i s s i t u a t e d , a n d t o e s t i m a t e 

t h e h e i g h t t o w h i c h i t h a s p r o g r e s s e d . O f c o u r s e , t h i s i s 

m u c h e a s i e r i n f o c a l l e s i o n s t h a n i n t h e s y s t e m a t i c , s i n c e t h e 

d i f f e r e n t c o l u m n s o f t h e c o r d c a n t h e n s i m u l t a n e o u s l y f u r 

n i s h s y m p t o m s w h i c h c a n b e c o m p a r e d , a n d t h u s a i d i n t h e 

d i a g n o s i s . I f y o u w i l l l o o k a g a i n a t t h e t a b l e , 2 t o w h i c h I 

s o m e t i m e a g o d i r e c t e d y o u r a t t e n t i o n , y o u w i l l p e r c e i v e t h a t 

t h e f o c a l l e s i o n s i n c l u d e t r a u m a t i s m s ( o f a l l f o r m s ) ; c o m p r e s 

s i o n o f t h e c o r d ( c h i e f l y b y b o n e a n d t u m o r s ) ; t r a n s v e r s e sc le 

r o s i s o f t h e c o r d ; t r a n s v e r s e s o f t e n i n g o f t h e c o r d ; h a e m o r 

r h a g e i n t o t h e s u b s t a n c e o f t h e c o r d ; a n d , finally, c e r t a i n 

t u m o r s w h i c h i n v o l v e t h e c o r d i t s e l f . T h e r e a r e m a n y o t h e r 

causes w h i c h m i g h t e x c i t e s o m e l o c a l l e s i o n , b u t t h e s e a r e t h e 

o n e s w h i c h w i l l m o s t f r e q u e n t l y c o m e u n d e r t h e n o t i c e o f t h e 

p r a c t i t i o n e r . 

B e f o r e w e b e g i n t h e s t u d y o f t h e s y m p t o m s p r o d u c e d 

b y l e s i o n s a t d i f f e r e n t h e i g h t s i n t h e s p i n a l c o r d , i t m a y b e 

w e l l t o g l a n c e h a s t i l y a t t h e d r a w i n g w h i c h I h a v e m a d e f o r 

y o u u p o n t h e b l a c k b o a r d , c o p i e d f r o m o n e m a d e b y S e g u i n 

f r o m t h e t e x t o f M a l g a i g n e , w h i c h i s so s i m p l e a n d d i a g r a m -

1 The valuable contributions of Hallopeau, in the " Archives Generales de Medecine," 
1872, added much to the knowledge of this obscure affection. Schiippel, Westphal, and 
Leydcn have also been prominent as investigators of this rather rare form of disease. 

2 See page 315 of this volume. 
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m a t i c as t o i l l u s t r a t e c e r t a i n p o i n t s o f g r e a t c l i n i c a l v a l u e a n d 

i m p o r t a n c e . 
N o w , i f y o u w i l l l o o k a t t h i s d i a g r a m , y o u w i l l p e r c e i v e 

t h a t t h e l i n e u p o n t h e l e f t r e p r e s e n t s t h e d i f f e r e n t l e v e l s o f 

FIG. 126.—A diagram showing the relation of the spinous processes of the vertebral to the 
spinal nerves and spinal cord. (Malgaigne and Seguin.) 

the spines of the vertebrae, and that the special points in the 

c o r d , as w e l l as t h e p o i n t s o f o r i g i n o f c e r t a i n o f t h e m o r e i m 

p o r t a n t n e r v e s , a re l i k e w i s e s h o w n . Y o u w i l l o b s e r v e t h a t 

t h e h y p o - g l o s s a l a n d t h e p n e u m o g a s t r i c n e r v e s a r i s e f r o m t h e 

m e d u l l a , w h i c h l i e s a b o v e t h e l e v e l o f t h e a x i s ; 1 t h a t t h e 

p h r e n i c a r i ses o n a l e v e l w i t h t h e s p i n e o f t h e a x i s ; t h a t t h e 

b r a c h i a l p l e x u s a n d t h e u l n a r n e r v e a r e c o n n e c t e d w i t h t h e 

1 This drawing illustrates the fact that the spines of the respective vertebra? do not 
always correspond to the level of the nerves which escape from between their pedicles. 

Medulla. 
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c o r d i n t h e r e g i o n o f t h e n e c k ( t h i r d t o s i x t h c e r v i c a l s p i n e s ) ; 

t h a t t h e c i l i o - s p i n a l c e n t e r i s s i t u a t e d b e t w e e n t h e fifth c e r v i 

c a l a n d t h e s e c o n d d o r s a l v e r t e b r a e ; t h a t t h e l u m b a r e n l a r g e 

m e n t o f t h e c o r d g i v e s o f f t h e c r u r a l a n d s c i a t i c n e r v e s a t 

d i f f e r e n t p o i n t s , a n d t h a t t h e s p a c e b e t w e e n t h e e l e v e n t h d o r 

s a l a n d t h e s e c o n d l u m b a r s p i n e s i n c l u d e s t h e p o i n t o f o r i g i n 

o f b o t h ; finally, t h a t t h e s p i n a l c o r d e n d s a t t h e s e c o n d l u m 

b a r s p i n e , a l t h o u g h t h e n e r v e s c o n t i n u e t o e scape f r o m t h e 

s p i n a l c a n a l m u c h b e l o w t h a t p o i n t . S u c h a d i a g r a m w i l l 

p r o v e o f c o n s t a n t s e r v i c e t o y o u , i n f o l l o w i n g t h e d i s c u s s i o n 

o f t h e s y m p t o m s o f f o c a l l e s i o n s s i t u a t e d a t d i f f e r e n t h e i g h t s 

w i t h i n t h e s p i n a l c o r d . 

W e h a v e a l r e a d y s t u d i e d t h e e f f e c t s o f s y s t e m a t i c l e s i o n s , 

b o t h o f t h e k i n e s o d i c a n d ae s thesod ic s y s t e m s , a n d h a v e 

n o t i c e d h o w p e r f e c t l y t h e p h y s i o l o g y o f t h e s p i n a l c o r d i s 

c o n f i r m e d b y l e s i o n s a f f e c t i n g t h e a n t e r i o r o r p o s t e r i o r p o r 

t i o n s o f t h e c o r d s e p a r a t e l y . W e a r e n o w t o i n v e s t i g a t e 

t h o s e l e s i o n s w h i c h , b y e x t e n d i n g i n a t r a n s v e r s e d i r e c t i o n , 

a r e l i a b l e t o b e a c c o m p a n i e d b y s y m p t o m s r e f e r a b l e t o b o t h 

t h e s e n s o r y a n d m o t o r p o r t i o n s o f t h e c o r d . O f c o u r s e , t h e 

s y m p t o m s w i l l b e m o d i f i e d b y t h e e x t e n t o f t h e l e s i o n i n a 

t r a n s v e r s e d i r e c t i o n , so t h a t t h e y m a y b e m o s t l y s e n s o r y o r 

m o t o r ; b u t t h e p r e s e n c e o f b o t h s e n s o r y a n d m o t o r s y m p 

t o m s i s strongly diagnostic of focal lesions, i r r e s p e c t i v e o f a 

p r e d o m i n e n c e o f e i t h e r , a n d i s n e v e r p r o d u c e d b y a n y sys 

t e m a t i c l e s i o n o f t h e c o r d , w i t h t h e o n e e x c e p t i o n o f c e n t r a l 

m y e l i t i s . 

W e w i l l s t a r t w i t h a g e n e r a l s t a t e m e n t , as a g u i d e i n o u r 

s t u d y o f f o c a l l e s i o n s , w h i c h i s as f o l l o w s : f o c a l l e s i o n s u s u 

a l l y g i v e r i s e t o paralysis of motion, t o a n alteration i n t h e 

reflex excitability o f t h e c o r d ( u s u a l l y a n i n c r e a s e ) , a n d t o 

m o r e o r less ancesthesia, numbness, a n d pain; t h e bladder 

a n d rectum a r e often paralyzed, a n d a tendency to bed-sores 

i s f r e q u e n t l y p r o d u c e d . T h e first t w o o f t h e s e e f f e c t s , a n d 

a l s o t h e l a s t , a r e d u e t o a l t e r a t i o n i n t h e k i n e s o d i c s y s t e m ; 

t h e r e m a i n i n g o n e s a r e t h e r e s u l t o f s o m e d i s t u r b a n c e t o t h e 

aes thesod ic s y s t e m . 
21 
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I n s t u d y i n g f o c a l l e s i o n s s i t u a t e d i n d i f f e r e n t r e g i o n s o f 

t h e s p i n a l c o r d , w e m u s t a d o p t some s y s t e m , i f w e e x p e c t t o 

g r a s p t h e f i n e d i s t i n c t i o n s w h i c h c a n b e d r a w n b e t w e e n t h e 

r e s u l t s o f l e s i o n s o f t h e u p p e r c e r v i c a l r e g i o n , t h e c e r v i c a l e n 

l a r g e m e n t , t h e m i d - d o r s a l r e g i o n , t h e r e g i o n j u s t a b o v e t h e 

l u m b a r e n l a r g e m e n t , a n d , f i n a l l y , t h e l u m b a r e n l a r g e m e n t 

i t s e l f . M o s t o f t hese d i s t i n c t i o n s d e p e n d u p o n c e r t a i n ana

tomical points, w h i c h y o u r p r e v i o u s d r i l l w i l l e n a b l e y o u t o 

a p p r e c i a t e m o r e e a s i l y t h a n i f y o u r a n a t o m i c a l k n o w l e d g e 

h a d b e c o m e d e f i c i e n t f r o m a l a c k o f r e v i e w . 

FOCAL LESION IN THE UPPER CERVICAL REGION. 

I n t h i s c o n d i t i o n , h e m i p l e g i a w i l l b e p r o d u c e d i f o n e l a t 

e r a l h a l f o f t h e c o r d b e a l o n e a f f e c t e d , w h i l e p a r a p l e g i a w i l l b e 

p r e s e n t i f t h e l e s i o n e x t e n d s t r a n s v e r s e l y t o b o t h l a t e r a l h a l v e s 

o f t h e c o r d . T h e h e m i p l e g i a o r p a r a p l e g i a w i l l b e c o m p l e t e 

b e l o w t h e h e a d , a n d t h e e n t i r e b o d y m a y b e r e n d e r e d anaes

t h e t i c . S i n c e t h e phrenic nerve a r i ses a t t h i s p o i n t , t h e a c t o f 

r e s p i r a t i o n w i l l be i n t e r f e r e d w i t h , c r e a t i n g d y s p n o e a a n d h i c 

c o u g h ; b u t t h e r e s p i r a t i o n w i l l n o t b e a r r e s t e d , s i n c e t h e 

p n e u m o g a s t r i c n e r v e s c o n t i n u e t o e x c i t e i t , a n d t h e a u x i l i a r y 

m u s c l e s o f r e s p i r a t i o n c a n e x p a n d t h e c h e s t w i t h o u t t h e a c t i o n 

o f t h e d i a p h r a g m . S h o u l d t h e l e s i o n b e a s u r g i c a l o n e (as i t 

u s u a l l y i s ) , t h e respiratory center o f t h e m e d u l l a m a y b e a f 

f e c t e d , a n d d e a t h t a k e p l a c e f r o m a s p h y x i a ; b u t I d o n o t 

t h i n k s u c h a r e s u l t c a n b e e x p l a i n e d as a s i m p l e e f f e c t o f p a 

r a l y s i s o f t h e p h r e n i c n e r v e s a l o n e . T h e p r e s e n c e o f t h e cilio-

spinal center i n t h e l o w e r c e r v i c a l r e g i o n m a y cause t h e p u 

p i l s t o s h o w a n i r r e g u l a r i t y , a n d t h e f a c e a n d n e c k m a y m a n i 

f e s t a m a r k e d i n c r e a s e o f t e m p e r a t u r e . 1 T h e p u l s e m a y b e 

r e n d e r e d v a r i a b l e , f r o m i r r i t a t i o n o f o r p r e s s u r e u p o n t h e ac
celeratory center o f t h e h e a r t . 

N o w , as I h a v e b e f o r e s a i d , t h i s t y p e o f l e s i o n i s a l m o s t a l 

w a y s a s u r g i c a l one , c o m p r i s i n g p r e s s u r e f r o m f r a c t u r e , d i s l o 

c a t i o n , ca r i es , t u m o r s o f t h e ve r t eb rae , e t c , a n d t h e s e cases 

1 Sec page 134 of this volume for effects of blood-vessels upon the iris; and also pa"-e 
133 for the evidences of diminished iritic reflex. 
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seldom live long enough for us to study the effects of such a 

l e s i o n w i t h m u c h d e t a i l . I n t h o s e r a r e i n s t a n c e s w h e r e t h e 

l e s i o n i s n o n - t r a u m a t i c a n d s l o w l y d e v e l o p e d , t h e e f f e c t s o f 

i r r i t a t i o n h a v e b e e n s h o w n i n a h i c c o u g h ( p r o b a b l y d u e t o 

i r r i t a t i o n o f t h e p h r e n i c n e r v e ) , a c c e l e r a t i o n o f t h e p u l s e 

( f r o m i r r i t a t i o n o f t h e a c c e l e r a t o r y c e n t e r o f t h e h e a r t ) , a n d 

d y s p n o e a ( f r o m s o m e i n t e r f e r e n c e w i t h t h e p h r e n i c n e r v e o r 

t h e n u c l e u s o f t h e p n e u m o g a s t r i c n e r v e i n t h e m e d u l l a ) ; 

w h i l e t h e p a r a l y s i s h a s f i r s t a p p e a r e d as a p a r e t i c c o n d i t i o n 

o f t h e a r m s , t h e n o f t h e c h e s t , a n d , f i n a l l y , o f t h e l o w e r l i m b s . 

FOCAL LESIONS OF THE CERVICAL ENLARGEMENT. 

T h i s t y p e o f l e s i o n d i f f e r s i n i t s e f f e c t s , i f d e v e l o p e d s u d 

d e n l y o r g r a d u a l l y , a n d a l s o w h e n s i t u a t e d i n t h e u p p e r o r t h e 

l o w e r p a r t o f t h e e n l a r g e m e n t . I f t h e l e s i o n b e so s i t u a t e d as 

t o c r e a t e only irritation o f t h e c i l i o - s p i n a l c e n t e r , o r t h e ac

c e l e r a t o r y c e n t e r f o r t h e h e a r t ( b o t h o f w h i c h a r e i n t h a t v i c i n 

i t y ) , t h e e f f e c t s w i l l d i f f e r f r o m t h o s e d u e t o a c t u a l p r e s s u r e 

u p o n o r d e s t r u c t i o n o f t h o s e c e n t e r s . 1 I n t h e f i r s t i n s t a n c e , 

t h e p u p i l s w i l l u s u a l l y b e d i l a t e d a n d t h e f a c e p a l e , w h i l e 

t h e h e a r t w i l l b e a c c e l e r a t e d ; i n t h e l a t t e r , t h e p u p i l s w i l l 

g e n e r a l l y b e c o n t r a c t e d , t h e f a c e a n d n e c k f l u s h e d , a n d t h e 

p u l s e r e t a r d e d . T h e e f f e c t s w i l l a l s o d i f f e r i f t h e l e s i o n a f f e c t s 

b o t h l a t e r a l h a l v e s o f t h e c o r d o r o n l y o n e . 

W h e r e v e r t h e l e s i o n b e s i t u a t e d w i t h i n t h e c e r v i c a l e n l a r g e 

m e n t , t h e a r m s a n d l e g s w i l l g r a d u a l l y b e c o m e p a r a l y z e d ; t h e 

a r m s a n d h a n d s u s u a l l y b e c o m i n g f i r s t n u m b a n d p a r e t i c , a n d 

t h e l o w e r l i m b s e x h i b i t i n g , f o r s o m e t i m e , o n l y a sense o f 

w e a k n e s s a n d e v i d e n c e s o f a n i n c r e a s e d r e f l e x e x c i t a b i l i t y . A 

sense o f c o n s t r i c t i o n a r o u n d t h e c h e s t ( t h e s o - c a l l e d " c i n c 

t u r e - f e e l i n g " ) i s g e n e r a l l y p r e s e n t , t h e sea t o f w h i c h v a r i e s 

w i t h t h a t o f t h e e x c i t i n g l e s i o n . 

W h e n t h e l e s i o n i s s i t u a t e d a t t h e upper part o f t h e en 

l a r g e m e n t , t h e m o t o r a n d s e n s o r y s y m p t o m s w i l l b e m a n i f e s t 

e d i n t h e l o w e r e x t r e m i t i e s , t h e t r u n k , a n d i n n e a r l y a l l t h e 

1 The reader is referred to the pages on the third cranial and pneumogastric nerves 
for details as to the effects upon the eye or heart. 
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r e g i o n s o f t h e u p p e r e x t r e m i t i e s . T h e c o n s t r i c t i n g b a n d a r o u n d 

t h e t h o r a x i s r e f e r r e d t o t h e level of the clavicles, a n d d y s p n o e a 

i s o f t e n excess ive . I f y o u w i l l l o o k a t t h e d i a g r a m m a t i c c u t , 1 

y o u w i l l p e r c e i v e t h a t t h e b r a c h i a l p l e x u s i s m a r k e d as asso

c i a t e d w i t h t h e u p p e r p a r t o f t h e c e r v i c a l e n l a r g e m e n t , a n d 

t h e u l n a r n e r v e w i t h t h e l o w e r p a r t ; h e n c e t h e p a r a l y s i s o f 

t h e a r m s i n t h i s case w o u l d n a t u r a l l y b e m a n i f e s t e d i n a l m o s t 

a l l o f t h e r e g i o n s o f t h e u p p e r e x t r e m i t y , a n d a l s o i n t h o s e 

p a r t s s u p p l i e d b y t h e b r a c h i a l p l e x u s a b o v e t h e c l a v i c l e . 

I f t h e l e s i o n be s i t u a t e d i n t h e lower part o f t h e c e r v i c a l 

e n l a r g e m e n t , t h e s y m p t o m s e x h i b i t e d w i l l i n c l u d e a los s o f 

f a r a d i c r e a c t i o n o f t h o s e m u s c l e s w h i c h a r e s u p p l i e d b y t h e 

ulnar nerve ( r a t h e r t h a n t h o s e o f t h e a r m a n d t h e e x t e n s o r s 

o f t h e f o r e a r m ) , a n d a t r o p h y o f t he se m u s c l e s w i l l o f t e n b e 

d e v e l o p e d , c h i e f l y i n t h e f l e x o r s o f t h e w r i s t a n d t h e s m a l l 

m u s c l e s o f t h e h a n d . 2 T h e s ame sense o f c o n s t r i c t i o n ( c i n c 

t u r e f e e l i n g ) , as e x p e r i e n c e d i n m o s t s p i n a l l e s i o n s o f a l o c a l 

c h a r a c t e r , w i l l e x i s t , b u t i t w i l l b e r e f e r r e d t o t h e u p p e r p a r t 

o f t h e ches t . A p a r a l y t i c c o n d i t i o n o f t h e m u s c l e s o f t h e 

t r u n k ( t h e i n t e r c o s t a l s , t r i a n g u l a r i s s t e r n i , a n d t h e acce s so ry 

m u s c l e s o f r e s p i r a t i o n ) , as w e l l as o f t h e a b d o m i n a l m u s c l e s , 

w i l l be d e t e c t e d i n severe cases, r e n d e r i n g b o t h i n s p i r a t i o n 

a n d e x p i r a t i o n e m b a r r a s s e d , a n d t h u s a d d i n g t o t h e d a n g e r 

t o l i f e . T h e l o w e r l i m b s m a y e x h i b i t e v i d e n c e s o f n u m b n e s s , 

anaesthesia , pa r e s i s , o r c o m p l e t e p a r a l y s i s , d e p e n d i n g u p o n 

t h e e x t e n t o f t h e l e s i o n a n d t h e d e s t r u c t i o n d o n e t o t h e t i s 

sues o f t h e c o r d . A c o n d i t i o n o f p a r a l y s i s m a y a l s o e x i s t i n 
t h e u p p e r e x t r e m i t y . 

I n s u r g i c a l i n j u r i e s t o t h e u p p e r p o r t i o n o f t h e c o r d , a 

p e c u l i a r i t y i s o f t e n n o t i c e d i n t h e temperature of the body, 

w h i c h i s s o m e t i m e s g r e a t l y e l e v a t e d . T h i s c l i n i c a l f e a t u r e 

m a y b e a s s o c i a t e d w i t h a m a r k e d r e t a r d a t i o n o f t h e a c t i o n o f 

t h e h e a r t ( a p p a r e n t l y c o n f i r m i n g t h e s i t u a t i o n o f a n accelera

tory center f o r t h a t o r g a n i n t h e s p i n a l c o r d ) . 

1 See page 340 of this volume. 
5 The reader is referred to subsequent pages for the symptoms of ulnar paralysis. 
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I n t h e e a r l y s t a g e s o f t h i s c o n d i t i o n t h e l o w e r l i m b s b e 

c o m e p a r e t i c , a n d a c o n d i t i o n o f i n c r e a s e d r e f l e x e x c i t a b i l i t y 

i s m a n i f e s t e d b y a r i g i d i t y a n d s t i f f n e s s o f t h e i m p a i r e d m u s 

c l e s w h e n e v e r t h e p a t i e n t a t t e m p t s t o s t a n d o r w a l k . A s t h e 

d i s ea se p r o g r e s s e s , t h e m u s c l e s b e c o m e p a r a l y z e d a n d c o n t r a c 

t u r e d 1 ( p r o b a b l y o n a c c o u n t o f c h a n g e s o f a s e c o n d a r y c h a r 

a c t e r i n t h e l a t e r a l c o l u m n s * o f t h e c o r d ) . I n s o m e cases, t h e 

r e f l e x m o v e m e n t s a s s u m e t h e t y p e o f s p a s m s , so as t o e x h i b i t 

b o t h t o n i c a n d c l o n i c c o n t r a c t i o n s . I t w a s t h i s s y m p t o m 

w h i c h s u g g e s t e d t o B r o w n - S e q u a r d t h e n a m e o f " s p i n a l e p i 

l e p s y , " s i n c e i t o c c u r s w h e n t h e p a t i e n t i s e x p o s e d t o t h e 

s l i g h t e s t p e r i p h e r a l i r r i t a t i o n , a n d o f t e n w h e n i n t h e r e c u m 

b e n t p o s t u r e . 2 T h e sense o f c o n s t r i c t i o n a r o u n d t h e b o d y i s 

r e f e r r e d t o t h e r e g i o n o f t h e n a v e l , o r t h a t o f t h e l o w e r r i b s , 

o r p o s s i b l y as h i g h as t h e a x i l l a , s i n c e i t m a y b e t a k e n as a 

r e l a t i v e g u i d e t o t h e h i g h e s t l i m i t o f t h e l e s i o n . A p e c u l i a r i t y 

e x i s t s i n t h i s c o n d i t i o n as r e g a r d s t h e b l a d d e r a n d t h e r ec 

t u m ; a l t h o u g h t h e y m a y b e p a r a l y z e d , t h e y a r e o f t e n e n a b l e d 

b y t h e a i d o f r e f l e x a c t i o n t o e x p e l t h e i r c o n t e n t s , t h u s a p p a r 

e n t l y h a v i n g r e g a i n e d t h e i r f u n c t i o n . I n t h e e a r l y s tages , t h e 

u r i n e a n d faeces m a y b e t o o h a s t i l y e x p e l l e d f o r t h e c o m f o r t 

o f t h e p a t i e n t , o f t e n c o m p e l l i n g t h e p e r f o r m a n c e o j 5 e i t h e r a c t 

b e f o r e a p r o p e r p l a c e c a n b e r e a c h e d ; b u t , i n t h e a d v a n c e d 

s tages , t h e u r i n e i s r e t a i n e d t o s u c h a n e x t e n t as t o c a u s e a n 

" o v e r f l o w , " w h i c h i s o f t e n m i s t a k e n f o r a n a c t u a l i n c o n t i 

n e n c e , 3 s i n c e a c o n s t a n t d r i b b l i n g i s p r e s e n t . T h i s s y m p t o m 

i s a l w a y s a n i n d i c a t i o n f o r t h e r e g u l a r u s e o f a c a t h e t e r . T h e 

s e x u a l f u n c t i o n seems t o b e o f t e n u n i m p a i r e d , as c o i t i o n i s 

f r e q u e n t l y p o s s i b l e . I t i s s e l d o m t h a t t h e p a r a l y z e d m u s c l e s 

e x h i b i t a t e n d e n c y t o a t r o p h y , a n d t h e e l e c t r i c a l r e a c t i o n o f 

1 A term used in contradistinction to the word "contracted," to designate a perma
nent shortening rather than a temporary response to a motor impulse. 

2 The presence of urine in the bladder or of fasces in the rectum may often create 
these spasms. 

3 For the diagnosis between these two conditions, the reader is referred to " A Prac
tical Treatise on Surgical Diagnosis," by the author. William Wood & Co., New York, 
1880. 
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t h e a f f e c t e d p a r t s i s e i t h e r n o r m a l o r e x a g g e r a t e d . T h e c h i e f 

seat o f w e a k n e s s i s u s u a l l y d e t e c t e d f i r s t i n t h e f e e t , a n d t h e 

p a r a l y s i s g r a d u a l l y i n v o l v e s t h e e n t i r e l o w e r l i m b s . 

FOCAL LESIOXS ABOVE THE LUMBAR ENLARGEMENT OF THE SPINAL 

CORD. 

I n t h i s s i t u a t i o n , a f o c a l l e s i o n o f t h e c o r d p r o d u c e s a b o u t 

t h e s ame s e n s o r y a n d m o t o r s y m p t o m s as t h o s e d e s c r i b e d i n 

c o n n e c t i o n w i t h a l e s i o n o f t h e m i d - d o r s a l r e g i o n , w i t h t h e 

e x c e p t i o n t h a t t h e reflex spasms, p r e s e n t i n t h e p a r a l y z e d 

m u s c l e s , a re p e r h a p s s o m e w h a t less v i o l e n t t h a n w h e n t h e 

l e s i o n i s h i g h e r u p t h e c o r d . T h e s e t o n i c a n d c l o n i c s p a s m s 

are , h o w e v e r , s u f f i c i e n t l y w e l l m a r k e d t o c o n s t i t u t e a p r o m i 

n e n t s y m p t o m , 1 a n d t h e y i n d i c a t e a n i n c r e a s e d r e f l e x e x c i t a 

b i l i t y o f t h e g r a y m a t t e r o f t h e c o r d b e l o w t h e sea t o f t h e 

l e s i o n . A n i n g e n i o u s e x p l a n a t i o n o f t h i s i n c r e a s e d r e f l e x h a s 

b e e n a d v a n c e d b y P r o f e s s o r S e g u i n o f t h i s c i t y , w h i c h seems 

t o m e r i t r e s p e c t f u l c o n s i d e r a t i o n . I q u o t e f r o m a l a t e p a p e r 3 

o f h i s u p o n a f f e c t i o n s o f t h e s p i n a l c o r d , as f o l l o w s : 

" T h e c lass ic t h e o r y o f t h e p h y s i o l o g y o f c o n t r a c t u r e i n 

h e m i p l e g i a i s t h a t i t i s d u e t o t h e s e c o n d a r y d e g e n e r a t i o n — 

i. <?., a c t i v e l y c a u s e d b y t h e l e s i o n o f t h e p o s t e r o - l a t e r a l c o l 

u m n . Seven y e a r s a g o (see " A r c h i v e s o f S c i e n t i f i c a n d P r a c 

t i c a l M e d i c i n e , " v o l . i , p . 106, 1873) I r e j e c t e d t h i s h y p o t h e s i s , 

a n d s u g g e s t e d a d i f f e r e n t one , w h i c h I h a v e s i n c e e l a b o r a t e d 

a n d t a u g h t i n m y c l i n i c a l l e c t u r e s a t t h e C o l l e g e o f P h y s i c i a n s 

a n d S u r g e o n s , N e w Y o r k . T h i s h y p o t h e s i s , w h i c h I i n t e n d 

s h o r t l y t o p u b l i s h i n d e t a i l , i s b r i e f l y t h a t t h e s p a s m i s d u e , 

n o t t o d i r e c t i r r i t a t i o n f r o m t h e s c l e r o s e d ( I ) t i s s u e i n t h e 

p o s t e r o - l a t e r a l c o l u m n , b u t t o t h e c u t t i n g o f f o f t h e c e r e b r a l 

i n f l u e n c e b y t h e p r i m a r y l e s i o n , a n d t h e c o n s e q u e n t p r e p o n 

d e r a n c e o f t h e p r o p e r o r a u t o m a t i c s p i n a l a c t i o n — a n a c t i o n 

w h i c h i s m a i n l y r e f l e x . T h i s t h e o r y e x p l a i n s t h e p h e n o m e n a 

o b s e r v e d i n cases o f p r i m a r y s p i n a l d iseases w i t h descendino-

d e g e n e r a t i o n , a n d c a n b e r e c o n c i l e d w i t h r e s u l t s o f e x p e r i 

1 These reflex spasms have been called by Brown-Sequard " spinal epilepsy 
'2 "Annals of Anatomical and Surgical Society," Brooklyn, December, 18$0 
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m e n t s o n a n i m a l s ( i n c r e a s e d r e f l e x p o w e r o f s p i n a l c o r d a f t e r 

a s e c t i o n h i g h u p , B r o w n - S e q u a r d ; i n h i b i t o r y p o w e r o f t h e 

e n c e p h a l o n o n t h e s p i n a l c o r d , S e t c h e n o w ) . " 

T h e u r i n a r y a n d r e c t a l o r g a n s a r e a f f e c t e d i n a b o u t t h e 

s a m e w a y as i n l e s i o n s o f t h e d o r s a l r e g i o n . C o i t i o n i s o f t e n 

p o s s i b l e , a n d e r e c t i o n s a r e n o r m a l l y f r e q u e n t . T h e r e c t u m i s 

p a r a l y z e d , as a r u l e , a n d c o n s t i p a t i o n i s u s u a l l y p r e s e n t o n 

t h a t a c c o u n t . M i c t u r i t i o n b e c o m e s s l o w a n d i n t e r r u p t e d , as 

t h e b l a d d e r g r o w s p a r e t i c , a n d r e t e n t i o n a n d o v e r f l o w a r e 

p r o d u c e d l a t e r o n i n t h e d i s e a s e . 

T h e p a r a l y s i s o f t h e e x t r e m i t i e s i s f i r s t n o t i c e d i n t h e f e e t , 

w h i c h h a v e l o n g b e f o r e e x h i b i t e d a sense o f w e a k n e s s a n d e a s y 

f a t i g u e . N u m b n e s s a n d a n a e s t h e s i a u s u a l l y a c c o m p a n y t h e 

m o t o r p a r a l y s i s , a n d e x t e n d as h i g h as t h e g r o i n o r t h e w a i s t . 

T h e sense o f a c o n s t r i c t i n g b a n d a r o u n d t h e b o d y i s p r e s e n t 

h e r e , as i n l e s i o n s o f o t h e r l o c a l i t i e s , a n d i s r e f e r r e d t o t h e w a i s t , 

b e l o w t h e l e v e l o f t h e u m b i l i c u s , o r a t t h e l e v e l o f t h e h i p s . 

FOCAL LESIOXS OF TUE LUMBAR EXLARGEMEXT. 

I f y o u w i l l l o o k a t t h e d i a g r a m o f t h e s p i n a l c o r d u p o n 

t h e b l a c k b o a r d , 1 y o u w i l l p e r c e i v e t h a t t h e l o w e r p o r t i o n o f 

t h e l u m b a r e n l a r g e m e n t i s r e p r e s e n t e d as g i v i n g o r i g i n t o t h e 

sciatic nerve; h e n c e , i t i s r e a s o n a b l e t o e x p e c t t h a t a l e s i o n 

s i t u a t e d i n t h e l o w e r p a r t o f t h i s e n l a r g e m e n t w o u l d b e m a n i 

f e s t e d b y s y m p t o m s o f a n i n c o m p l e t e p a r a p l e g i a , i n w h i c h 

t h e m u s c l e s s u p p l i e d b y t h e s c i a t i c n e r v e s w o u l d b e t h e m o s t 

a f f e c t e d . 2 N o w , t h i s f a c t s eems t o b e c o n f i r m e d b y c l i n i c a l 

e x p e r i e n c e , s i n c e t h e f e e t , l e g s , p o s t e r i o r a s p e c t o f t h e t h i g h s , 

a n d t h e r e g i o n o f t h e n a t e s a r e c h i e f l y p a r a l y z e d w h e n t h e l e 

s i o n i s so s i t u a t e d . T h e b l a d d e r i s u n a f f e c t e d , b u t t h e s p h i n c 

t e r a n i m u s c l e i s o f t e n r e n d e r e d p a r e t i c , o r i t m a y b e e n t i r e l y 

p a r a l y z e d . T h e p o r t i o n s o f t h e l i m b s w h i c h a r e t o b e c o m e t h e 

sea t o f p a r a l y s i s u s u a l l y e x h i b i t a sense of numbness b e f o r e 

t h e e f f e c t s o f t h e l e s i o n a r e f u l l y d e v e l o p e d , a n d , i n case t h e 

1 The reader is referred to the figure on page 340 of this volume. 
s The reader is referred to the pages which treat of the clinical points pertaining to 

the sciatic nerve, for the symptoms of this type of paralysis. 
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p o s t e r i o r c o l u m n s o f t h e c o r d be i n v o l v e d , c o m p l e t e anaesthe

s ia m a y a l so e x i s t i n t h e p a r t s s u p p l i e d w i t h m o t o r p o w e r b y 

t h e s c i a t i c n e r v e . T h e c o n d i t i o n o f t h e p a r a l y z e d m u s c l e s , 

as t o t h e i r e l e c t r i c a l r e a c t i o n s , a n d t h e p r e sence o r absence o f 

t h e e v i d e n c e s o f i n c r e a s e d r e f l e x e x c i t a b i l i t y w i l l d e p e n d 

g r e a t l y u p o n h o w m u c h d a m a g e h a s b e e n d o n e t o t h e g r a y 

m a t t e r o f t h e l u m b a r e n l a r g e m e n t . I f t h e g r a y m a t t e r b e so 

d e s t r o y e d as t o i m p a i r i t s f u n c t i o n , t h e r e f l e x m o v e m e n t s w i l l 

be a b s e n t ; a n d , i f t h e t r o p h i c f u n c t i o n o f t h e c o r d b e a f f e c t e d 

b y c h a n g e s i n t h e g a n g l i o n ce l l s o f t h e g r a y m a t t e r , t h e p a r a 

l y z e d m u s c l e s w i l l u n d e r g o a t r o p h y . T h e sense o f c o n s t r i c 

t i o n , o r " b a n d f e e l i n g , " w i l l u s u a l l y be r e f e r r e d , i n t h i s l e 

s i o n , e i t h e r t o t h e a n k l e , l e g , o r t h i g h . 

FOCAL LESIONS CONFINED TO THE LATERAL HALF OF THE SPINAL 
CORD. 

I n d i s c u s s i n g t h e f o c a l l e s i o n s o f t h e c o r d , w e h a v e de

s c r i b e d t h e c l i n i c a l p o i n t s w h i c h a r e a f f o r d e d b y d e s t r u c t i o n , 

t o a g r e a t e r o r less e x t e n t , o f t h e s u b s t a n c e o f t h e c o r d i n b o t h 

o f i t s l a t e r a l h a l v e s ; hence , t h e m o t o r a n d s e n s o r y s y m p t o m s 

h a v e b e e n u s u a l l y r e f e r r e d t o b o t h s ides o f t h e b o d y . I t w a s 

neces sa ry t o t h u s d e s c r i b e t h e m , s ince f o c a l l e s i o n s , u n l e s s 

t r a u m a t i c , a r e s e l d o m c o n f i n e d t o o n e l a t e r a l h a l f o f t h e 

c o r d ; b u t , i n s o m e cases w h i c h m a y b e p r e s e n t e d t o y o u r 

n o t i c e , w h e r e a t u m o r , a f r a c t u r e d v e r t e b r a , a h a e m o r r h a g e , 

a severe c o n t u s i o n , o r s o m e o t h e r l o c a l i z e d l e s i o n e x i s t s , t h e 

i n j u r y d o n e t o t h e s p i n a l c o r d m a y b e c o n f i n e d e x c l u s i v e l y 

t o o n e l a t e r a l h a l f , r e s u l t i n g i n o n e o f t w o n a m e d c o n d i t i o n s , 

v i z . , " s p i n a l h e m i p l e g i a " a n d " h e m i - p a r a p l e g i a . " B e f o r e 

p r o c e e d i n g t o t h e s p e c i a l c o n s i d e r a t i o n o f e i t h e r o f t he se 

c o n d i t i o n s , i t m a y p r o v e o f a d v a n t a g e t o r e v i e w s o m e f e w 

p o i n t s i n t h e p h y s i o l o g y o f t h e c o r d , a n d t o a g a i n d i r e c t y o u r 

a t t e n t i o n t o t h e t w o p l a t e s u p o n t h e b l a c k b o a r d , w h i c h a r e 

a l r e a d y f a m i l i a r t o y o u . 

T h i s p l a t e 1 s h o w s y o u t h a t a n y l e s i o n o f a lateral lialf o f 

t h e s p i n a l c o r d m u s t p r o d u c e anaes thes ia i n t h e opposite side 

of the body, s ince a l l t h e s e n s o r y n e r v e s decussate a n d e n t e r 
1 See Fig. 120 of this volume. 
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the gray matter of the cord, which serves as a conducting 

m e d i u m f o r s e n s o r y i m p r e s s i o n s , w h i l e t h e motor symptoms 

p r o d u c e d b y t h e s a m e l e s i o n m u s t b e c o n f i n e d t o t h e same 

side of the body as the lesion, s i n c e n o d e c u s s a t i o n p r o b a b l y 

o c c u r s i n t h e s p i n a l c o r d ( t h e s e fibers d e c u s s a t i n g o n l y i n t h e 

m e d u l l a o b l o n g a t a ) . 

T h i s s e c o n d d i a g r a m 1 w i l l f u r t h e r 

a s s i s t y o u t o a p p r e c i a t e t h e f a c t t h a t 

l a t e r a l l e s i o n s , as w e l l as t h o s e w h i c h 

a f f e c t t h e e n t i r e c o r d , a r e m o d i f i e d , as 

r e g a r d s t h e i r s y m p t o m a t o l o g y , b y t h e 

height of the lesion i n t h e c o r d ; s i n c e 

t h e m o t o r n e r v e s , a n d t h e s p e c i a l c e n 

t e r s w h i c h a r e s i t u a t e d i n t h e c o r d i t s e l f , 

w i l l o n l y b e a f f e c t e d w h e n t h e y l i e b e l o w 

t h e sea t o f t h e l e s i o n o r a r e d i r e c t l y i n 

v o l v e d i n t h e d e s t r u c t i v e p r o c e s s . I t 

w i l l , t h e r e f o r e , b e u n n e c e s s a r y t o e n t e r 

a g a i n i n t o d e t a i l as t o t h e f u l l b e a r i n g s 

o f t h e p l a t e , s i n c e t h e y a r e p r o b a b l y 

f r e s h i n y o u r m e m o r y . 

W h e n t h e f o c a l l e s i o n i s p l a c e d h i g h 

u p i n t h e s u b s t a n c e o f t h e s p i n a l c o r d , t h e 

m o t o r p a r a l y s i s a f f e c t s one side only o f 

t h e b o d y ( p r o v i d e d t h e l e s i o n i s c o n f i n e d t o a l a t e r a l h a l f ) , a n d 

t h e t e r m ' ' s p i n a l h e m i p l e g i a " i s a p p l i e d t o t h i s f o r m o f p a r a l 

y s i s i n c o n t r a d i s t i n c t i o n t o a h e m i p l e g i a o f c e r e b r a l o r i g i n . I f 

t h e s p i n a l l e s i o n b e s i t u a t e d i n t h e d o r s a l r e g i o n a n d b e c o n 

fined t o t h e l a t e r a l h a l f o f t h e c o r d , a m o t o r p a r a l y s i s o f one 

half o f t h e s a m e s i d e o f t h e b o d y below the seat of the lesion 

i s d e v e l o p e d , a c o n d i t i o n t o w h i c h t h e t e r m " h e m i - p a r a p l e -

g i a " i s c o m m o n l y a p p l i e d . I n c l o s i n g t h e c l i n i c a l a s p e c t s o f 

l e s i o n s o f t h e s p i n a l c o r d , i t w i l l b e n e c e s s a r y , t h e r e f o r e , f o r 

u s t o c o n s i d e r t h e e s s e n t i a l f e a t u r e s o f t h e s e t w o r e m a i n i n g 

c o n d i t i o n s . 

MS s M 
• • 11 

FIG. 127.—A diagram to 
show the course of (he 
motor and sensory paths 
in the spinal cord. 
(Brown-Sequard.) 

D, decussation of pyramids; 
M, motor paths; S, sen
sory paths. 

1 The reader is referred to page 307 of this volume for details as to the utility of this 
figure in the study of spinal affections. 
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SPINAL HEMIPLEGIA. 

I n o r d e r t o p r o d u c e a t y p i c a l case o f t h i s c o n d i t i o n , i t i s 

neces sa ry t o h a v e a l a t e r a l f o c a l l e s i o n o f t h e c o r d i n i t s u p p e r 

m o s t p a r t ( i n o r a b o v e t h e c e r v i c a l e n l a r g e m e n t o f t h e c o r d ) . I f 

w e s u p p o s e , t h e n , t h a t s u c h a l e s i o n b e p r e s e n t , l e t u s see w h a t 

w e m i g h t r e a s o n a b l y e x p e c t , o n p u r e l y p h y s i o l o g i c a l g r o u n d s , 

w o u l d be t h e r e s u l t W e c a n t h e n e x a m i n e t h e c l i n i c a l rec-

Meduila. 

Hypo-glossal N. 

a 

Axis. <̂  

3d C. V. < 

6th C. V. <^ 

7th C V. ^ 

2d 1). V. <^ 

11th D. V. < 

12th D. V. <^ 

1 L. V. < 

2 L. V. <^ 

N| Pneumogastric N. 

Phrenic N. 

• Brachial plexus. 

• Ulnar nerve. 

• Crural N. 

Sciatic N. 

FIG. 128.—A diagram to shoiu the relation of the spinous processes of the vertebra; to spi
nal nerves. (Malgaigne 1 and Seguin.) 

ords of such cases, and either confirm our deductions or gain 

s o m e a d d i t i o n a l i n f o r m a t i o n . S u c h a l e s i o n w o u l d , i n t h e first 

p l a c e , s h u t o f f a l l m o t o r i m p u l s e s s e n t o u t f r o m t h e b r a i n t o 

p a r t s b e l o w t h e l e s i o n , o n t h e s a m e s i d e as t h e l e s i o n , s i n c e 
1 " Traite d'Anatomie Chirurgicalc." 
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t h e d e c u s s a t i o n o f t h e m o t o r f i b e r s h a s a l r e a d y t a k e n p l a c e i n 

t h e m e d u l l a ; h e n c e m o t o r p a r a l y s i s s h o u l d , t h e o r e t i c a l l y , oc 

c u r i n t h e a r m a n d l e g o f t h e s i d e o f t h e b o d y c o r r e s p o n d i n g 

t o t h e s ea t o f t h e e x c i t i n g l e s i o n , a n d t h e t r u n k s h o u l d a l s o b e 

p a r a l y z e d u p o n t h a t s i d e . T h i s w e f i n d , c l i n i c a l l y , t o b e t r u e , 1 

w i t h t h e e x c e p t i o n t h a t t h e intercostal nerves o f t e n r e t a i n 

t h e i r m o t o r p o w e r w h e n t h e n e r v e s o f t h e a r m a n d l e g a r e n o 

l o n g e r c a p a b l e o f c a r r y i n g m o t o r i m p u l s e s . I n t h e s e c o n d 

p l a c e , w e s h o u l d e x p e c t t o f i n d t h a t t h e sensation o f t h e s i d e 

o f t h e b o d y o p p o s i t e t o t h e sea t o f t h e l e s i o n w o u l d b e d e 

s t r o y e d o r g r e a t l y i m p a i r e d , s i n c e t h e s e n s o r y n e r v e s d e c u s 

sa te t h r o u g h o u t t h e e n t i r e l e n g t h o f t h e c o r d . T h i s w e a l s o f i n d 

c o n f i r m e d b y c l i n i c a l f a c t s ; a n d so p e r f e c t i s t h i s anaes the s i a 

t h a t t h e l i n e c a n o f t e n b e t r a c e d t o t h e m e s i a l l i n e o f t h e b o d y 

e x a c t l y , a n d u p w a r d t o t h e l i m i t o f t h e e x c i t i n g l e s i o n . I n 

t h e t h i r d p l a c e , t h e s i t u a t i o n o f t h e cilio-spinal center i n t h e 

c e r v i c a l r e g i o n o f t h e c o r d w o u l d n a t u r a l l y s u g g e s t s o m e e f f e c t s 

u p o n t h e p u p i l , 2 a n d t h e c i r c u l a t i o n a n d t e m p e r a t u r e o f t h e 

f a c e , n e c k , a n d e a r o f t h e s a m e s i d e . T h i s i s a l s o c o n f i r m e d , as 

t h e p u p i l d o e s n o t r e s p o n d t o l i g h t , b u t i t s t i l l a c t s i n t h e ac

c o m m o d a t i o n o f v i s i o n f o r n e a r o b j e c t s , a n d t h e s k i n o f t h e 

r e g i o n s n a m e d b e c o m e s r e d a n d r a i s e d i n t e m p e r a t u r e . F i 

n a l l y , t h e p r e s e n c e o f vaso-motor centers i n t h e c o r d m i g h t 

o c c a s i o n a r i s e i n t e m p e r a t u r e i n t h e p a r a l y z e d m u s c l e s ; a n d , 

s t r a n g e l y c o n f i r m a t o r y o f t h i s f a c t , w e o f t e n f i n d t h e t e m p e r a 

t u r e o f t h e p a r a l y z e d s i d e o f t h e b o d y h o t t e r t h a n t h a t o f t h e 

a n a e s t h e t i c s i d e . 

I n s o m e e x c e p t i o n a l cases, t h e f a c e , a r m , a n d t r u n k a r e 

a l o n e p a r a l y z e d , t h e l e g s s e e m i n g t o escape , a n d o f t e n g i v i n g 

e v i d e n c e o f r e f l e x s p a s m ( p e r h a p s m o s t c o m m o n l y o n t h e 

a n a e s t h e t i c s i d e ) . T h i s m u s t b e e x p l a i n e d as t h e r e s u l t o f 

i n c o m p l e t e d e s t r u c t i o n o f t h e l a t e r a l h a l f o f t h e c o r d . 

'The researches of Brown-Sequard, as early as 1849, and his published memoirs 
(1863-'5 and 1868, 1S69), have probably done more to clear up this field and to place it 
upon a positive foundation than those of any other observer. 

2 The reader is referred to pages 114 and 135 of this volume. 
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HEMI-PARAPLEGIA. 

T h i s c o n d i t i o n i s t h e r e s u l t o f s o m e f o c a l l e s i o n o f t h e 

s p i n a l c o r d i n t h e dorsal region, w h i c h i n v o l v e s o n l y i t s l a t e r a l 

h a l f . T h e r e s u l t s o f s u c h a l e s i o n d i f f e r b u t l i t t l e f r o m t h o s e 

o f o n e c a u s i n g s p i n a l h e m i p l e g i a , as r e g a r d s t h e m o t o r a n d 

s e n s o r y s y m p t o m s , e x c e p t i n g t h a t t h e s i t u a t i o n o f t h e e x c i t 

i n g cause i s b e l o w t h e c e r v i c a l e n l a r g e m e n t , w h e r e t h e n e r v e s 

t o t h e u p p e r e x t r e m i t y a r e g i v e n o f f , a n d w h e r e t h e c i l i o -

s p i n a l c e n t e r i s s i t u a t e d . F o r t h a t r e a s o n t h e m u s c l e s o f t h e 

u p p e r e x t r e m i t y a r e n o t p a r a l y z e d , n o r a r e t h e e f f e c t s u p o n 

t h e p u p i l a n d t h e s k i n o f t h e f a c e , ear, a n d n e c k ( m e n t i o n e d 

as p r e s e n t i n s p i n a l h e m i p l e g i a ) p r o d u c e d . T h e m u s c l e s be

l o w t h e sea t o f t h e l e s i o n a r e p a r a l y z e d o n t h e s i d e o f t h e b o d y 

c o r r e s p o n d i n g t o t h e e x c i t i n g cause, a n d t h e s k i n i s s o m e t i m e s 

r e n d e r e d h y p e r a e s t h e s i c u p o n t h a t s i d e ; 1 w h i l e t h e i n t e g u 

m e n t o f t h e s i d e o p p o s i t e t o t h e l e s i o n i s d e p r i v e d o f sens i 

b i l i t y . T h e b l a d d e r a n d r e c t u m m a y b e p a r a l y z e d i n s o m e 

i n s t a n c e s . T h e sense o f c o n s t r i c t i o n , o r " b a n d f e e l i n g , " w i l l 

v a r y w i t h t h e seat o f d isease i n t h e s p i n a l c o r d . T h e a m o u n t 

o f reflex irritability a n d t h e p r e s e n c e o r absence o f muscular 

atrophy i n t h e p a r t s p a r a l y z e d w i l l d e p e n d u p o n t h e d e p t h 

o f t h e l e s i o n i n t h e s p i n a l c o r d a n d t h e c h a n g e s w h i c h h a v e 

b e e n p r o d u c e d i n t h e g r a y m a t t e r . T h e s ame i n c r e a s e o f t e m 

p e r a t u r e i n t h e p a r a l y z e d l i m b , w h i c h w a s m e n t i o n e d as oc

c u r r i n g i n s p i n a l h e m i p l e g i a , m a y a l so be p r e s e n t i n t h i s v a r i 
e t y o f p a r a l y s i s . 

S h o u l d t h e s ide a f f e c t e d w i t h anaes thes ia g i v e a n y e v i d e n c e 

o f m o t o r p a r a l y s i s o r m u s c u l a r w e a k n e s s , o r s y m p t o m s o f 

anaesthesia a p p e a r u p o n t h e s i d e w h e r e t h e m o t o r p a r a l y s i s 

i s p r e s e n t , y o u m a y r e g a r d e i t h e r o n e as c o n c l u s i v e e v i d e n c e 

t h a t t h e e x c i t i n g l e s i o n i s p r o g r e s s i n g , a n d t h a t t h e o p p o s i t e 

l a t e r a l h a l f o f t h e c o r d i s b e i n g i n v o l v e d t o a g r e a t e r o r less 
e x t e n t . 

1 This is probably due to some irritation of the gray matter of the cord. 
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W E h a v e n o w c o n s i d e r e d t h e g e n e r a l p o i n t s i n t h e c o n 

s t r u c t i o n o f t h e c e r e b r o - s p i n a l a x i s , a n d t h e c l i n i c a l f a c t s 

w h i c h p e r t a i n t o t h e b r a i n a n d s p i n a l c o r d . W e h a v e a l s o 

s e p a r a t e l y d i s c u s s e d t h o s e n e r v e s w h i c h a r e c o n n e c t e d w i t h 

t h e b r a i n , a n d h a v e n o t e d a l l t h e p e c u l i a r i t i e s i n t h e i r d i s t r i 

b u t i o n a n d a n a s t o m o s e s , w h i c h s e e m t o s h e d a l i g h t u p o n 

t h e i r p h y s i o l o g i c a l a c t i o n o r t h e c l i n i c a l f e a t u r e s w h i c h e a c h 

o f t h e m p r e s e n t s . I t n o w r e m a i n s f o r u s t o i n v e s t i g a t e t h o s e 

n e r v e s o f t h e n e c k , t r u n k , a n d t h e e x t r e m i t i e s w h i c h a r e c o n 

n e c t e d w i t h t h e s p i n a l c o r d , a n d a r e c a l l e d " s p i n a l n e r v e s , " 

i n c o n t r a d i s t i n c t i o n f r o m t h e n e r v e s o f c r a n i a l o r i g i n , o r 

t h o s e o f t h e s y m p a t h e t i c . 

T h e s p i n a l n e r v e s c o m p r i s e t h i r t y - o n e p a i r s , w h i c h e scape 

f r o m e a c h s i d e o f t h e s p i n a l c o r d b y t w o r o o t s , c a l l e d t h e 

a n t e r i o r o r " m o t o r r o o t , " a n d t h e p o s t e r i o r o r " s e n s o r y 

r o o t . " T h e s e t w o r o o t s j o i n w i t h e a c h o t h e r , i n e v e r y i n 

s t a n c e , t o f o r m o n e n e r v e , w h i c h i s n a m e d i n a c c o r d a n c e w i t h 

i t s s i t u a t i o n a n d t h e r e g i o n o f t h e v e r t e b r a l c o l u m n f r o m 

w h i c h i t e s c a p e s ; s i n c e t h e n e r v e s , so f o r m e d , p a s s t h r o u g h 

f o r a m i n a b e t w e e n t h e p e d i c l e s o f t h e v e r t e b r a e , t h r o u g h o u t 

t h e e n t i r e l e n g t h o f t h e s p i n a l c o l u m n . T h u s w e h a v e eight 

pairs of cervical nerves, e s c a p i n g u p o n e i t h e r s i d e o f t h e 

c e r v i c a l v e r t e b r a e ; twelve pairs of dorsal nerves, b e a r i n g t h e 

s a m e r e l a t i o n t o t h e d o r s a l r e g i o n o f t h e s p i n e ; five pairs of 

lumbar nerves o n e a c h s i d e ; five pairs of sacral nerves, 
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e s c a p i n g f r o m t h e f o r a m i n a o f t h a t b o n e ; a n d one pair of 

coccygeal nerves. 

A s m e n t i o n e d i n t h e l e c t u r e s u p o n t h e c o n s t r u c t i o n o f t h e 

s p i n a l c o r d , t h e a n t e r i o r r o o t s o f t h e s p i n a l n e r v e s a r e c o n 

n e c t e d w i t h t h e g r a y m a t t e r o f t h e a n t e r i o r h o r n s ; w h i l e t h e 

p o s t e r i o r r o o t s a re c o n n e c t e d w i t h t h e p o s t e r i o r h o r n s o f t h e 

FIG. 129.— Ccrvical por 
lion of the spinal cord. 
(Hirschfeld.) 

FIG. 130.—Dorsal por
tion of the spinal cord. 
(Hirschfeld.) 

FIG. 131.—Inferior por
tion of the spinal cord, 
and cauda equina. 
(Hirschfeld.) 

1, anteroinferior wall of the fourth ventricle ; 2, superior peduncle of the cerebellum ; 
3, middle peduncle of the cerebellum; 4, inferior peduncle of the cerebellum • 5 in
ferior portion of the posterior median columns of the cord ; 6, sjlosso-pharyn^eal 
VTT A5 ?l Pneumogastric ; S, spinal accessory nerve ; 9, 9, 9, 9, dentatcd ligament; 
10, 10, 10, 10, posterior roofs of the spinal nerves , 11, 11, 11, 11, posterior lateral 
groove; 12, 12, 12, 12, ganglia of the posterior roots of the nerves ; 13 13 anterior 
roots of the nerves ; 11, division of the nerves into two branches ; 15, lower extremity 
of the cord1; 10 10 coccygeal ligament; 17, 17, cauda equina ; I — V I I I , cervical nerves'; 
1, 11, 111, IV \ I I , dorsal nerves ; I , I I—V. lumbar nerves ; I—V, sacral nerves. 

gray matter. Like all sensory neves, the posterior roots have 

a ganglionic enlargement1 developed upon them, while the 
1 The presence of a ganglion upon a cerebro-spinal nerve is always an evidence of its 
sensory character. 
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a n t e r i o r r o o t s , b e i n g m o t o r i n f u n c t i o n , d o n o t . T h e r o o t s o f 

t h e f i r s t c e r v i c a l n e r v e s a r e s m a l l , s h o r t , d i r e c t e d h o r i z o n t a l l y , 

a n d t h e a n t e r i o r i s t h e l a r g e r o f t h e t w o ; t h o s e o f t h e r e m a i n 

i n g c e r v i c a l n e r v e s b e c o m e l a r g e r , l o n g e r , a n d m o r e o b l i q u e 

as y o u d e s c e n d t h e c o r d , a n d t h e p o s t e r i o r r o o t i s c o n s i d e r 

a b l y l a r g e r t h a n t h e a n t e r i o r . I n t h e d o r s a l r e g i o n , t h e f i r s t 

d o r s a l n e r v e r e s e m b l e s t h e l o w e r c e r v i c a l n e r v e s as t o t h e 

a c t u a l a n d r e l a t i v e s ize o f i t s r o o t s , b u t t h e r o o t s o f t h e r e 

m a i n i n g d o r s a l n e r v e s a r e s m a l l e r t h a n t h o s e o f t h e c e r v i c a l 

r e g i o n , a n d m o r e n e a r l y e q u a l i n t h e i r r e l a t i v e s ize . T h e 

r o o t s o f t h e l u m b a r a n d u p p e r s a c r a l n e r v e s a g a i n i n c r e a s e 

i n s ize f r o m a b o v e d o w n w a r d . F i n a l l y , t h e l o w e r s a c r a l a n d 

t h e c o c c y g e a l n e r v e s s h o w a g r a d u a l d e c r e a s e i n t h e s ize o f 

t h e i r r o o t s , t h e l a s t s a c r a l a n d t h e c o c c y g e a l n e r v e s h a v i n g 

t h e s m a l l e s t r o o t s o f a n y o f t h e s p i n a l n e r v e s . A s r e g a r d s 

t h e r e l a t i v e s ize o f t h e a n t e r i o r a n d p o s t e r i o r r o o t s , t h e l u m 

b a r , s a c r a l , a n d c o c c y g e a l n e r v e s e x h i b i t b u t l i t t l e d i f f e r e n c e . 

T h e length a n d inclination o f t h e r o o t s o f t h e s p i n a l n e r v e s 

i n c r e a s e f r o m t h e f i r s t t o t h e l a s t ; h e n c e t h e place of escape 

o f a s p i n a l n e r v e d o e s n o t i n d i c a t e i t s seat of origin*. A s t h e 

s p i n a l c o r d d o e s n o t d e s c e n d b e y o n d t h e f i r s t l u m b a r v e r t e 

b r a , t h e l e n g t h o f t h e r o o t s o f t h e l u m b a r , s a c r a l , a n d c o c c y 

g e a l n e r v e s i n c r e a s e s , f r o m n e r v e t o n e r v e , b y t h e t h i c k n e s s 

o f o n e v e r t e b r a . 

T h e t r u n k o f e a c h s p i n a l n e r v e , a f t e r i t s e scape f r o m t h e 

v e r t e b r a l c a n a l , i m m e d i a t e l y d i v i d e s i n t o a n a n t e r i o r a n d a 

p o s t e r i o r p r i m a r y d i v i s i o n . 

I n t r e a t i n g o f t h e s p i n a l n e r v e s , I w i l l f i r s t d i r e c t y o u r 

a t t e n t i o n t o t h e f o u r u p p e r c e r v i c a l n e r v e s , s i n c e t h e y e n t e r 

i n t o t h e f o r m a t i o n o f t h e c e r v i c a l p l e x u s ; t h e n t o t h e r e m a i n 

i n g c e r v i c a l a n d t h e f i r s t d o r s a l n e r v e s , s i n c e t h e y e n t e r i n t o 

t h e f o r m a t i o n o f t h e b r a c h i a l p l e x u s ; a n d , l a t e r o n , t h e 

d o r s a l , l u m b a r , s a c r a l , a n d c o c c y g e a l n e r v e s w i l l b e s e p a r a t e l y 

c o n s i d e r e d . B y t h i s m e t h o d o f s u b d i v i s i o n , w h i c h i s t h e o n e 

u s u a l l y f o l l o w e d b y a l l a u t h o r s u p o n a n a t o m y , t h e n e r v e s c a n 

b e m o r e s a t i s f a c t o r i l y t r a c e d f r o m t h e i r o r i g i n t o t h e i r t e r m i -

n a l d i s t r i b u t i o n t h a n i f e a c h n e r v e w e r e t r e a t e d o f s e p a r a t e l y , 
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s ince some e n t e r i n t o t h e f o r m a t i o n o f p l e x u s e s , a n d t h u s lose 

t h e i r i n d i v i d u a l i t y . 

T h e a x i o m s r e g a r d i n g t h e d i s t r i b u t i o n o f n e r v e s t o t h e 

m u s c l e s , j o i n t s , a n d s k i n , w h i c h I q u o t e d i n t h e first l e c t u r e 

o f t h i s w i n t e r ' s cou r se , w i l l be so c o n s t a n t l y o f u se i n t h e 

s t u d y o f t h e s p i n a l n e r v e s t h a t t h e y w i l l a g a i n b e a r r e p e t i t i o n . 

T h e s u b s t a n c e o f m y r e m a r k s i n t h a t l e c t u r e w a s a b o u t as 

f o l l o w s : 

I t i s c l a i m e d b y J o h n H i l t o n 1 t h a t , i f w e t r a c e t h e d i s t r i 

b u t i o n o f t h e n e r v e filaments f r o m a n y s p e c i a l n e r v e t r u n k t o 

t h e m u s c l e s , w e s h a l l find t h a t o n l y t h o s e m u s c l e s a r e s u p p l i e d 

b y e a c h o f t h e i n d i v i d u a l n e r v e s w h i c h a r e r e q u i r e d t o r e n d e r 

c o m p l e t e t h e p e r f o r m a n c e o f t h e functions f o r w h i c h t h a t 

n e r v e w a s d e s i g n e d ; a n d t h a t , i f m u s c l e s w e r e c l a s s i f i e d o n a 

bas i s o f t h e i r n e r v e s u p p l y , i n s t e a d o f i n g r o u p s o f m e r e r e l a 

t i o n s h i p as t o l o c a l i t y , a s e l f - e v i d e n t p h y s i o l o g i c a l r e l a t i o n 

w o u l d b e s h o w n w h i c h w o u l d t e n d g r e a t l y t o s i m p l i f y a 

k n o w l e d g e o f t h e m u s c u l a r s y s t e m i n i t s p r a c t i c a l b e a r i n g s , 

a n d t o p r o v e a d e s i g n o n t h e p a r t o f t h e C r e a t o r . 

T h u s , h e says , w e f r e q u e n t l y find m u s c l e s c lose t o g e t h e r 

a n d s t i l l s u p p l i e d b y s e p a r a t e n e r v e s , o n e o f w h i c h h a s p o s s i 

b l y t o g o a l o n g w a y o u t o f a d i r e c t c o u r s e t o r e a c h i t , w h i c h 

i s c o n t r a r y t o t h e u s u a l m e t h o d o f N a t u r e , w h o a l w a y s uses 

t h e s i m p l e s t m e a n s t o a c c o m p l i s h h e r d e s i g n s ; b u t , i f w e e x 

a m i n e t h e action o f these t w o m u s c l e s , w e w i l l find t h a t e a c h 

o n e ac t s i n u n i s o n w i t h t h e o t h e r m u s c l e s s u p p l i e d b y t h e 

s ame n e r v e , a n d t h a t , t o p r o d u c e t h i s p e r f e c t a c c o r d , N a t u r e 

t a k e s w h a t , t o a h a s t y g l a n c e , w o u l d s e e m t o b e a need less 

s t ep . 

H e a l so l a y s d o w n c e r t a i n a x i o m s , p e r t a i n i n g t o t h e d i s 

t r i b u t i o n o f n e r v e s a n d t h e d i a g n o s t i c v a l u e o f p a i n , w h i c h 

h a v e b e e n o f t e n r e p e a t e d i n t h e s e l e c t u r e s , a n d c a n n o t b u t b e 

m o s t p r o f i t a b l e t o t h o s e w h o use t h e m as a g u i d e . T h e y a r e 

as f o l l o w s : 

" Superficial pains on both sides of the body, which are 

symmetrical, imply an origin or cause, the seat of which is 
1 "Best and Pain," London, 1876 (New York, 1879). 
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central or bilateral; while unilateral pain implies a seat of 

origin, which is one-sided, and, as a rule, exists on the same 

side of the body as the pain." 

T h e b e a r i n g s o f t h i s f i r s t a x i o m w i l l b e r e n d e r e d v e r y a p 

p a r e n t w h e n t h e r e g i o n s o f t h e n e c k a n d t r u n k a r e c o n s i d e r e d , 

s i n c e t h e s y m p t o m o f l o c a l p a i n i s o f t h e g r e a t e s t v a l u e i n 

c o n n e c t i o n w i t h d i s ea se s a f f e c t i n g t h e b o n e s o f t h e s p i n a l c o l 

u m n a n d t h e s p i n a l c o r d w h i c h t h e y i n v e s t ; b u t t h a t t h e 

s a m e r u l e m a y b e a p p l i e d t o a n y o f t h e c r a n i a l n e r v e s , w i t h a 

d e g r e e o f c e r t a i n t y w h i c h s e l d o m a d m i t s o f e r r o r , h a s b e e n 

s h o w n i n cases q u o t e d i n c o n n e c t i o n w i t h t h e m o t o r o c u l i , 

t r i g e m i n u s , f a c i a l , a n d o t h e r n e r v e s . 

T h e s e c o n d a x i o m i s as f o l l o w s : 

" The same trunks of nerves, whose branches supply the 

groups of muscles moving a joint, f urnish also a distribu

tion of nerves to the skin over the insertions of the same mus

cles ; and the interior of the joint moved by these muscles 

receives a nerve supply f r o m the same source." 

B y t h i s a x i o m , a p h y s i o l o g i c a l h a r m o n y i s s h o w n b e t w e e n 

t he se v a r i o u s c o o p e r a t i n g s t r u c t u r e s . T h u s , a n y j o i n t , w h e n 

i n f l a m e d , m a y , b y a r e f l e x a c t t h r o u g h m o t o r b r a n c h e s f r o m 

t h e s a m e t r u n k b y w h i c h i t i s i t s e l f s u p p l i e d , c o n t r o l t h e m u s 

c les w h i c h m o v e i t , a n d t h u s i n s u r e t h e r e s t a n d q u i e t neces

s a r y t o i t s o w n r e p a i r . 

S p o t s o f l o c a l t e n d e r n e s s i n t h e cutaneous s u r f a c e m a y , 

f o r t h i s r e a s o n , l i k e w i s e b e o f t e n c o n s i d e r e d as a g u i d e t o a 

s o u r c e o f i r r i t a t i o n o f s o m e o f t h e s t r u c t u r e s s u p p l i e d b y t h e 

s a m e n e r v e , v i z . , t h e m u s c l e s u n d e r n e a t h i t , o r t h e j o i n t s 

w h i c h a r e m o v e d b y t h e m ; a n d , t h u s , e v e n r e m o t e a f f e c t i o n s 

c a n b e a c c u r a t e l y d e t e r m i n e d , w h i c h , w e r e t h i s a x i o m n o t 

u s e d as a g u i d e , m i g h t e scape r e c o g n i t i o n t i l l a n a d v a n c e d 

s t age o f t h e d i sease h a d b e e n r e a c h e d . 

I t i s w e l l , h o w e v e r , t o q u o t e o n e o t h e r a x i o m , l a i d d o w n 

b y t h e s a m e a u t h o r , b e f o r e l e a v i n g t h e s u b j e c t o f t h e d i a g 

n o s t i c v a l u e o f t h e c u t a n e o u s n e r v e s as i n d i c a t o r s o f e x i s t i n g 

d i sease o f o t h e r o r g a n s , v i z . : 

^Every fascia of the body has a muscle or muscles at-
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tached to i t ; and every fascia must be considered as one of 

the points of insertion of the muscles connected to it" in f o l -

lowing the previous axiom as to the cutaneous distribution 

of nerves. 

T h i s g u i d e i s e s p e c i a l l y i m p o r t a n t i n case t h e r u l e b e a p 

p l i e d t o t h e e x t r e m i t i e s ( a r m s a n d l egs ) w h e r e t he se fascice 

e x t e n d o v e r l a r g e s u r f a c e s , m o r e o r less r e m o t e f r o m , a n d a p 

p a r e n t l y u n c o n n e c t e d w i t h , t h e m u s c l e s a t t a c h e d t o t h e m ; b u t 

i t i s m e n t i o n e d i n t h i s c o n n e c t i o n f o r t h e e s p e c i a l o b j e c t o f 

c a l l i n g t h e a t t e n t i o n o f t h e r e a d e r t o t h o s e g e n e r a l r u l e s w h i c h 

g o v e r n t h e d i s t r i b u t i o n o f t h e n e r v e s i n t h e i r e n t i r e t y , b e f o r e 

p r o c e e d i n g t o a p p l y t h e m i n a l l t h e i r i n d i v i d u a l b e a r i n g s : 

W i t h o u t t h i s n e r v o u s a s s o c i a t i o n b e t w e e n t h e m u s c u l a r 

s t r u c t u r e s a n d t h o s e c o m p o s i n g t h e j o i n t s , t h e r e c o u l d b e n o 

i n t i m a t i o n g i v e n b y t h e i n t e r n a l p a r t s o f t h e i r e x h a u s t i o n o r 

f a t i g u e . A g a i n , t h r o u g h t h e m e d i u m o f t h i s s ame a s s o c i a t i o n 

b e t w e e n t h e s k i n a n d t h e m u s c l e s , g r e a t s e c u r i t y i s g i v e n t o 

t h e j o i n t s , b y t h e m u s c l e s b e i n g m a d e a w a r e o f t h e p o i n t o f 

c o n t a c t o f a n y e x t r a n e o u s f o r c e o r v i o l e n c e . T h e i r i n v o l u n 

t a r y c o n t r a c t i o n i n s t i n c t i v e l y m a k e s t h e t i s s u e s s u r r o u n d i n g 

t h e j o i n t s t ense a n d r i g i d , a n d t h i s b r i n g s a b o u t a n i m p r o v e d 

d e f e n s e f o r t h e s u b j a c e n t j o i n t s t r u c t u r e s . 

F r o m t h e c o n c l u s i o n o f h i s g r e a t w o r k , i n w h i c h H i l t o n en

d e a v o r s t o p r o v e t h a t m e c h a n i c a l r e s t m a y b e u s e d as a c u r e 

f o r m o s t o f t h e s u r g i c a l d i s o r d e r s , t h e f o l l o w i n g s en tences a re 

q u o t e d , s ince t h e y c a n n o t be t o o o f t e n r e p e a t e d : 

" I h a v e e n d e a v o r e d t o i m p r e s s u p o n y o u t h e f a c t that 

every pain has its distinct and pregnant signijication i f we 

loill bid carefully sea?'ch f o r i f . 

" I n t h e p a i n w h i c h f o l l o w s t h e i n t r u s i o n o f a p a r t i c l e o f 

d u s t o n t o t h e c o n j u n c t i v a , a n d t h e c l o s u r e o f t h e e y e l i d f o r 

t h e s e c u r i t y o f r e s t , u p t o t h e m o s t f o r m i d a b l e d i seases w h i c h 

w e h a v e t o t r e a t — p a i n t h e m o n i t o r , a n d r e s t t h e c u r e — a r e 

s t a r t i n g p o i n t s f o r c o n t e m p l a t i o n , w h i c h s h o u l d e v e r b e p r e s 

e n t t o t h e m i n d o f t h e s u r g e o n . " 

N o w , i f y o u w i l l t h o r o u g h l y g r a s p these a x i o m s , n o t o n l y 

as m e r e w o r d s , b u t as grand, principles, w h i c h c a n b e u s e d 
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b y y o u i n y o u r e v e r y - d a y e x p e r i e n c e as c o u n s e l o r s o f t h e 

s i c k , y o u w i l l b e b e t t e r a b l e t o a p p r e c i a t e t h e t a b l e s o f 

n e r v e d i s t r i b u t i o n w h i c h I a m c o n s t a n t l y p r e s e n t i n g t o y o u 

u p o n t h e b l a c k b o a r d , so t h a t y o u c a n r e c o r d t h e m i n y o u r 

n o t e - b o o k s . T h e s e t a b l e s e n a b l e y o u , a t a g l a n c e , t o see t o 

w h a t m u s c l e s e a c h s e p a r a t e n e r v e s e n d s filaments o f d i s t r i b u 

t i o n , a n d t h u s i n n u m e r a b l e p r o b l e m s a r e b e i n g c o n s t a n t l y 

s u g g e s t e d t o y o u o f t h i s c h a r a c t e r : W h y d o e s t h i s n e r v e s u p 

p l y t h e m u s c l e s m e n t i o n e d a n d o m i t t h o s e i n t h e i m m e d i a t e 

v i c i n i t y '! W h a t i s t h e c o m m o n physiological function w h i c h 

t h e s e m u s c l e s a r e d e s t i n e d t o p e r f o r m \ H o w m a y t h i s n e r v e 

b e c l a s s e d f r o m i t s p h y s i o l o g i c a l a c t i o n ? 

I t i s o n l y b y s u c h a s y s t e m o f s e l f - i n q u i r y a n d s e l f - e x a m i n a 

t i o n t h a t y o u a r e e n a b l e d t o b e c o m e t h e m a s t e r o f t h e sc i ence . 

T h e n e r v e s a r e t h e n n o l o n g e r m e r e c o r d s , r u n n i n g w i t h o u t a 

p l a n , a n d s e r v i n g o n l y as a t a x u p o n t h e m e m o r y , b u t e l e c t r i c 

w i r e s , p l a c e d w i t h a s y s t e m w h i c h w e , as y e t , c a n n o t b e g i n 

t o u n d e r s t a n d i n i t s w o n d e r f u l a d a p t a b i l i t y t o t h e d e m a n d s o f 

t h e b o d y , b u t w h i c h a l i t t l e s t u d y w i l l s h o w i s r e m a r k a b l e f o r 

i t s s i m p l i c i t y o f d i s t r i b u t i o n , i f w e b u t s e e k f o r t h e f u n c t i o n 

o f e a c h n e r v e . T o a s t u d e n t o f t h i s c h a r a c t e r , t h e n e r v e s be 

c o m e a s o u r c e o f n e v e r - e n d i n g d e l i g h t , s i n c e t h e y s e r v e as t h e 

k e y t o m a n y p r o b l e m s i n a n a t o m y w h i c h h a d p r e v i o u s l y b e e n 

i n v o l v e d i n o b s c u r i t y . W e t h u s l e a r n t h e action of the mus

cles, s i n c e t h e n e r v e s w h i c h s u p p l y a n y s p e c i a l g r o u p e n a b l e 

y o u a t o n c e t o t e l l t h a t t h o s e h a v e a s i m i l a r i t y o f f u n c t i o n 

w h i c h a r e s u p p l i e d f r o m t h e s a m e s o u r c e , w h i l e t h o s e s u p 

p l i e d f r o m d i f f e r e n t s o u r c e s a r e n o t o n l y d i s s i m i l a r i n t h e i r 

a c t i o n , b u t h a v e s o m e b o n d o f s y m p a t h y w i t h o t h e r m u s c l e s 

( p o s s i b l y f a r d i s t a n t ) w h i c h a r e s i m i l a r l y s u p p l i e d . I b e l i e v e 

t h a t t h e d a y i s n o t f a r o f f w h e n t h e nervous supplywill c o n s t i 

t u t e t h e u n i v e r s a l l y r e c o g n i z e d ba s i s u p o n w h i c h m u s c l e s w i l l 

b e d i v i d e d i n t o g r o u p s ; a n d , w h e n t h a t d a y c o m e s , t h e l a b o r 

o f t h e s t u d e n t w i l l b e g r e a t l y l e s s e n e d , a n d h i s g r a s p o f t h e s u b 

j e c t b e o f a h i g h e r a n d m o r e c o m p r e h e n s i v e o r d e r . W e w i l l n o w 

p a s s t o t h e c o n s i d e r a t i o n o f t h e u p p e r f o u r c e r v i c a l n e r v e s , a n d 

t h e c e r v i c a l p l e x u s w h i c h i s f o r m e d b y t h e i r a n t e r i o r b r a n c h e s . 
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THE UPPER CERVICAL NERVES. 

A CHART OF THE NERVES OF THE CERVICAL REGION. 

FIRST CERVICAL 
NERVE 
(Sub-occipital). 

Posterior division. 

Anterior division. 

' Posterior division 
(very large in 
size). 

SECOND CERVICAL 
NERVE. 

Anterior division. 

f Branch to posterior division of second cervical, 
Branches to the posterior cranio-vertebral set of 

muscles, 
Branch to complexus muscles, 
Branch to integument of occiput. 
Branch to rectus cap. ant. major, 
Branch to rectus cap. ant. minor, 
Branch to rectus cap. lateralis. 

f Second cervical, 
Communicating J Pneumogastric, 

branches to ] Hypo-glossal, 
[_ Superior cervical ganglion. 

Branch to occipito-atloid articulation. 
' Splenius, 
Cervicalis ascendens, 

""Y"-'' j Transversalis colli, 
(supplying) } T r a c h e l o . m a s t o i d ) ' 

(_ Complexus. 
f Joins with first cervical 
| nerve, 

Supplies integument of oc
ciput as far as vertex, 

Gives an auricular braruh 
to skin of ear. 

Filament to sterno-mastoid, 
Ascending branch (to first cervical nerve), 
Descending branch (to third cervical nerve), 
Filament to communicans noni nerve, 
Small occipital nerve (occipitalis minor). 

External branch 

Internal branch 
(Great occipital < 
nerve). 

r Posterior division. 

THIRD CERVICAL 
NERVE. 

External branch 
(supplying) 

f Splenius, 
rwvi 

. Anterior division. 

{ 

FOURTH CERVI
CAL NERVE. 

, Cervicalis ascendens, 
j Transversalis colli, 

Traehelo-mastoid. 
• Integument of occiput. 
' Auricularis magnus, 

Superficial cervical, 
Branch to second cervical 

nerve, 
Branch to the spinal acces-

[ sory. 
' Filament to fourth nerve, 
Filament to levator anguli 

scapula?, 
Supra-clavicular, 
Filament to communicans 

noni nerve. 
Filament to phrenic nerve. 

Posterior division (distributed to muscles of the back). 
f Filament to third cervical nerve, 

Filament to fifth cervical nerve, 
Filament to phrenic nerve, 
Filament to scalenus medius, 

[ Filaments to supra-clavicular nerve. 

Internal branch 
(supplying) 

Ascending 
branches. 

Descending 
branches. 

[ Anterior divi sion. 

1 Modified from a table in the "Essentials of Anatomy" (Darling and Ranney). New 
York, Putnam's Sons, 1880. 
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I f y o u w i l l l o o k a t t h e t a b l e , w h i c h I h a v e h a d c o p i e d f o r 

y o u r i n s p e c t i o n , 1 y o u w i l l p e r c e i v e t h a t e a c h o f t h e u p p e r f o u r 

c e r v i c a l n e r v e s g i v e s o f f a n a n t e r i o r a n d p o s t e r i o r b r a n c h , i m 

m e d i a t e l y a f t e r t h e i r e s cape f r o m t h e v e r t e b r a l c a n a l , a n d t h a t 

t h e d i s t r i b u t i o n o f e a c h o f t h e s e b r a n c h e s i s s h o w n i n d e t a i l . 

Y o u w i l l p e r c e i v e t h a t e v e r y b r a n c h w h i c h s u p p l i e s t h e i n -

FIG. 132.—Posterior branch of the second cervical nerve. (Arnold.) 
1, trunk of the facial; 2, its superior branch, or temporo-facial; 3, the inferior branch, 

or cervico-facial; 4, its posterior auricular branch; 5, auriculo-temporal; 6, auri-
cularis magnus from the cervical plexus; 7, its mastoid branch; 8, supra-acromial 
branch; 9, supra-clavicular branch; 10, accessory occipitalis minor; 11, occipitedis 
major; 12, frontal division of the ophthalmic nerve; 13, infra-orbital branch of 
the superior maxillary; 14, mental branches of the inferior dental nerve; A, pla-
tysma myoides B, sterno-mastoid; C, trapezius. 

tegument alone is underscored,3 while the muscular branches 

are not. Thus, the great occipital, small occipital, great au

ricular, superficial cervical, and supra-clavicular nerves are 

1 See table on the preceding page. • Italicized in the table. 
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m a d e p a r t i c u l a r l y p r o m i n e n t . I t w i l l t e n d , h o w e v e r , t o s i m 

p l i f y t h e s t u d y o f t h i s t a b l e , i f y o u w i l l c o m p a r e i t w i t h t h e 

o n e a d j o i n i n g , w h i c h s h o w s t h e c o n s t r u c t i o n o f t h e c e r v i c a l 

p l e x u s . 

T h i s p l e x u s i s f o r m e d b y t h e anterior brandies o f t he se 

f o u r ne rves , so t h a t y o u w i l l find t h e s a m e n e r v e s m e n t i o n e d 

i n b o t h t a b l e s ; s ince , i n t h e first t a b l e , a n e r v e m a y b e m e n 

t i o n e d as one o f t h e t e r m i n a l filaments o f a s p e c i a l t r u n k , 

w h i l e , i n t h e s e c o n d t a b l e , i t w i l l b e e n u m e r a t e d as o n e o f t h e 

b r a n c h e s o f t h e p l e x u s . I m e n t i o n t h i s p o i n t , l e s t s o m e c o n 

f u s i o n m a y a r i s e i n y o u r m i n d s as t o t h e a p p a r e n t c o n t r a d i c 

t i o n o f s t a t e m e n t , as w e l l as f o r t h e p u r p o s e o f i m p r e s s i n g u p o n 

y o u t h e f a c t t h a t a b r a n c h o f a n y n e r v e p l e x u s c a n u s u a l l y b e 

t r a c e d as a r i s i n g f r o m s o m e s p e c i a l n e r v e o r n e r v e s , w h i c h as

s i s t t o f o r m t h a t p l e x u s . T h u s w e h a v e t h e phrenic nerve 

a r i s i n g b y t h r e e h e a d s ( t h i r d , f o u r t h , a n d fifth c e r v i c a l ) , a n d , 

i n p a r t , a b r a n c h o f t h r e e n e r v e s ; a n d a g a i n , t h e communi

cans noni nerve, w h i c h goes t o j o i n a b r a n c h o f t h e h y p o 

g l o s s a l , 1 a r i ses b y t w o h e a d s ( s e c o n d a n d t h i r d c e r v i c a l ) . 

THE CERVICAL PLEXUS OF NERVES. 
Anterior 1 ' SUPERFICIAL 

branch of 1st 
1 

BRANCHES 
CERVICAL | (integument

nerve. ary;. 
Anterior ! pi 

1 W 

branch of 2d 1 < 
CKRVIOAL 1 ^ 

nerve. 
Anterior 

> 
1 ^ 

branch of 3d f 
M 

r 
CERVICAL 

f 
M j 

nerve. 
V i 

Anterior ] DEEP \ 
branch of 4th BRANCHES. | 

CKRVIOAL 
BRANCHES. | 

nerve. J 1 

Ascending 
set. 

Descending 
set. 

Internal set. 

[ External set. 

Occipitalis minor Filament to attollens aurem. 
Auricularis magnus. 
Superficialis colli Branch to platysma. 

I Sternal, 
Supnt-clavicu'ar branches.- Clavicular, 

{ Acromial. 
f I Pneumoirastric, 

Communicating.2-; Hypo-glossal, 
( Sympathetic. 

I Meet, cap. ant. major, 
1 Muscular Kect. cap. ant. minor, 

( Kect. cap. lateralis. 
I Communicans noni. 
1. PHRENIC. 
f Sterno-mastoid, 

Muscular. \ }?vat0Y anguli scapulas 
1 rapezms, 

[ Scalenus mod. 
Communicating with spinal accessory nerve. T h e t a b l e w h i c h i l l u s t r a t e s t h e m e t h o d o f c o n s t r u c t i o n o f 

t h e c e r v i c a l p l e x u s a n d i t s b r a n c h e s o f d i s t r i b u t i o n m a y be 
1 Sec page 275 of this volume. 
2 The loop between the first and second cervical nerves usually gives off the communi

cating branches to pneumogastric and hypo-glossal nerves and to the superior cervical 
ganglion of the sympathetic, while the third and fourth cervical nerves give communicat
ing branches to the main cord of the sympathetic nerve. 
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s t u d i e d w i t h s o m e a d v a n t a g e . I t w i l l b e seen t h a t t h e p l e x u s 

g i v e s o f f t w o d i s t i n c t se t s o f b r a n c h e s , c a l l e d t h e s u p e r f i c i a l 

a n d t h e d e e p , s i n c e t h e f o r m e r , as t h e n a m e i n d i c a t e s , a r e a l l 

FIG. 133.—Superficial branches of the cervical plexus. (Hirschfeld.) 
1, superficialis colli; 2, 2, its descending branches ; 3, its ascending branches ; 4, filaments 

of anastomosis with the facial; 5, auricularis magnus; 0, its parotid branch ; 7, its 
external auricular branch; 8, upper part of the same branch, crossing the fibrous 
tissue which surrounds the root of the helix, and supplying the external surface of 
the pinna; 9, internal auricular branch; in, filament of anastomosis between this 
braneh and the posterior auricular of the facial; 11, occipitalis minor; 12, branch of 
communication with the occipitalis major; 13, accessory occipitalis minor ; 14, branches 
to the integument on the back of the neck; 15, supra-clavicular branches, sternal 
portion; 16, clavicular portion; 17, supra-aeromial branches, anterior division; 18, 
posterior division ; 19, braneh to trapezius from cervical plexus; 20, branch to tra
pezius from the spinal accessory, and anastomosing with the preceding ; 21, branch 
to the levator anguli scapula ; 22, trunk of the facial; 23, its posterior auricular 
branch ; 24, its cervical and mental branches. 
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c u t a n e o u s , w h i l e t h e l a t t e r a re d i s t r i b u t e d t o m u s c l e s a n d a d 

j a c e n t ne rves . T h e s u p e r f i c i a l o r i n t e g u m e n t a r y set c o m p r i s e s 

f o a r ne rves , t h r e e o f w h i c h a s c e n d t o w a r d t h e h e a d , w h i l e t h e 

r e m a i n i n g o n e descends t o w a r d t h e s h o u l d e r ; t h e d e e p set i s 

s u b d i v i d e d i n t o b r a n c h e s w h i c h pass t o w a r d t h e m e s i a l l i n e o f 

t h e t r u n k , t h e i n t e r n a l set, a n d t h o s e w h i c h pass a w a y f r o m 

t h e m e s i a l l i n e , t h e e x t e r n a l set . 

SUPERFICIAL BRANCHES OF THE CERVICAL PLEXUS. 

T h e s u p e r f i c i a l set o f b r a n c h e s i s o f t h e g r e a t e s t i m p o r 

t a n c e t o t h e p h y s i c i a n , s i nce t h e s y m p t o m o f p a i n i s o f t e n a 

m o s t p o s i t i v e g u i d e t o d isease , w h i c h c a n b e l o c a l i z e d b y a 

t h o r o u g h k n o w l e d g e o f t h e n e r v e s . T h e s u b - o c c i p i t a l n e r v e 

FIG. 134 — The nerve supply of the posterior part of the head. (Hilton.) 
A, region supplied by the great occipital nerve ; B, region supplied bv the small occipital 

nerve; 0, region supplied by the auriculo-temporal nerve. 

(first cervical), the great and small occipital nerves (branches 

o f t h e s e c o n d c e r v i c a l ) , a n d t h e a u r i c u l a r i s m a g n u s ( a b r a n c h 

o f t h e t h i r d c e r v i c a l ) a re a l l d i s t r i b u t e d t o t h e integument of 

the scalp, i n t h e p o s t e r i o r r e g i o n o f t h e h e a d , c o v e r i n g t h e 

space w h i c h e x t e n d s f r o m t h e n e c k t o t h e v e r t e x o f t h e c r a 

n i u m . T h e p l a t e w h i c h I n o w s h o w y o u w a s d e s i g n e d b y 
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H i l t o n , 1 t o i l l u s t r a t e t h e r e s u l t s o f c a r e f u l e x p e r i m e n t as t o 

t h e l i m i t s o f t h e c u t a n e o u s d i s t r i b u t i o n o f e a c h o f t h e s e 

n e r v e s . 

I n m y l e c t u r e u p o n t h e d i s t r i b u t i o n o f t h e f i f t h c r a n i a l 

n e r v e , I c a l l e d y o u r a t t e n t i o n t o t h e d i a g n o s t i c v a l u e o f t h e 

c u t a n e o u s d i s t r i b u t i o n o f t h e n e r v e s o f t h e ear . I t m a y b e 

FIG. 135.— The nerve supply of the posterior portion of head and neck. (Modified from 
Flower.) 

1, region supplied by the great occipital nerve ; 2, region supplied by the auriculo-tempo
ral nerve ; 3, region supplied by the small occipital nerve ; 4, region supplied by the 
great auricular nerve ; 5, region supplied by the third cervical nerve. 

well to again state that the integument of the pinna is sup

p l i e d b y t h e f i f t h c r a n i a l , t h e g r e a t a u r i c u l a r , t h e a u r i c u l a r 

b r a n c h o f t h e g r e a t o c c i p i t a l , a n d t h e s m a l l o c c i p i t a l n e r v e s , 2 

a n d t o i m p r e s s u p o n y o u t h a t t h e l i m i t s o f t h e d i s t r i b u t i o n o f 

e a c h a r e n o w so w e l l d e f i n e d as t o a f f o r d a c l e w , i n m a n y 

i n s t a n c e s w h e r e p a i n i s c o n f i n e d t o t h i s r e g i o n , t o t h e sea t o f 

t h e e x c i t i n g c a u s e . 

1 Op. cit. 
2 The auricular branch which Hilton lays stress upon, as supplying the lobule of the 

car with sensation, may be given off either by the anterior or posterior division of the 
second cervical nerve. In the table of the distribution of the cervical nerves I have put 
it down as a branch of the great occipital nerve, since that is its most common origin ; but 
it, not infrequently, is found to arise from the small occipital nerve, in which case it 
would be derived indirectly from the anterior division of the second cervical, rather than 
from the posterior division. 
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T h e d e s c e n d i n g b r a n c h e s o f t h e s u p e r f i c i a l set o f t h e c e r v i 

c a l p l e x u s ( s u p r a - c l a v i c u l a r ) a r i s e f r o m t h e t h i r d a n d f o u r t h 

c e r v i c a l n e r v e s , a n d a r e d i s t r i b u t e d t o t h e i n t e g u m e n t cov 

e r i n g t h e l o w e r p o r t i o n o f t h e n e c k a n d t h e r e g i o n s o f t h e 

s t e r n u m , c l a v i c l e , a n d a c r o m i o n . T h e f a c t t h a t t h e filaments 

o f t hese n e r v e s a re d i s t r i b u t e d t o t h e fascia covering the 

upper portion of the chest, b e l o w t h e c l a v i c l e , i s m a d e a 

p o i n t o f d i a g n o s t i c i m p o r t a n c e b y H i l t o n , s i nce cases o f d i s 

ease o f t h e s p i n a l c o l u m n , i n t h e r e g i o n o f escape o f t h e t h i r d 

o r f o u r t h c e r v i c a l n e r v e s , o r t h e e x i s t e n c e o f p r e s s u r e a l o n g 

t h e c o u r s e o f t he se ne rves , h a v e b e e n s u g g e s t e d t o h i m b y 

p a i n i n t h i s r e g i o n , a n d t h u s d e t e c t e d f a r a w a y f r o m t h e seat 

o f p a i n . H e says : " A s n o t h i n g b u t t h e n e r v e s c a n p r o d u c e 

p a i n , t h i s s i m p l e d i s t r i b u t i o n o u g h t t o r e m i n d u s o f t h e f a c t 

t h a t , i f a p a t i e n t c o m p l a i n s o f p a i n i n t h i s p a r t o f t h e ches t , 

t h e cause m a y l i e i n o n e o f t w o d i r e c t i o n s . I t m a y d e p e n d 

u p o n disease o f t h e c e r v i c a l r e g i o n o f t h e s p i n e , o r i n connec 

t i o n w i t h some disease a f f e c t i n g t h e o r i g i n o f t h e u p p e r d o r s a l 

n e r v e s . " 

T h e c e r v i c a l p l e x u s l i e s u p o n t h e s c a l e n u s m e d i u s a n d t h e 

l e v a t o r a n g u l i scapulae m u s c l e s , a n d i s c o v e r e d b y t h e s t e r n o -

m a s t o i d m u s c l e ; h e n c e , a l l o f i t s s u p e r f i c i a l b r a n c h e s e m e r g e 

f r o m b e n e a t h t h e p o s t e r i o r b o r d e r o f t h i s l a t t e r m u s c l e . 1 T h e 

m u s c l e s w h i c h t h e p l e x u s s u p p l i e s d i r e c t l y a r e t h e t h r e e 

w h i c h l i e i n c o n t a c t w i t h i t a n d t h e t r a p e z i u s . N o w , i t w i l l 

b e r e m e m b e r e d t h a t t h e t r a p e z i u s a n d t h e s t e r n o - m a s t o i d 

m u s c l e s h a v e a n o t h e r s o u r c e o f n e r v o u s s u p p l y , v i z . , t h e s p i 

n a l a c c e s s o r y n e r v e . 2 T h i s f a c t s u g g e s t s t h a t t h e s e m u s c l e s 

m u s t e a c h b e l o n g t o t w o g r o u p s : t h e first, t h o s e w h i c h con

trol phonation; 3 t h e s e c o n d , t h o s e w h i c h i n s u r e t h e o r d i n a r y 

m o t i o n s o f t h e n e c k . I n t h e s a m e w a y , t h e p l a t y s m a m u s c l e , 

b y i t s n e r v o u s s u p p l y , i s c l e a r l y s t a m p e d as n o t o n l y a m u s 

c l e o f t h e n e c k , b u t a l so one of expression; s i n c e t h e f a c i a l 

n e r v e s u p p l i e s i t , as w e l l as t h e c e r v i c a l p l e x u s . 
1 See figure on page 365 of this volume. 
2 See page 262 of this volume. 
3 See page 263, previous lecture, upon this nerve. 
4 For the action of this muscle in the expression of melancholy, see the facial nerve. 
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DEEP BRANCHES OF THE CERVICAL PLEXUS. 

A s e c o n d r e f e r e n c e t o t h e t a b l e , i n w h i c h t h e b r a n c h e s o f 

t h i s p l e x u s a r e s h o w n , w i l l e n a b l e y o u t o r e c a l l t h e s u b d i v i s 

i o n o f t h e d e e p b r a n c h e s . T h e se t t h a t passes t o w a r d t h e 

m e s i a l l i n e o f t h e b o d y c o m p r i s e s t h e m u s c u l a r f i l a m e n t s t o 

t h e r e c t i m u s c l e s , t h e c o m m u n i c a t i n g b r a n c h e s t o a d j a c e n t 

n e r v e s , a n d t w o s p e c i a l l y n a m e d t r u n k s , t h e p h r e n i c a n d c o m 

m u n i c a n s n o n i n e r v e s ; w h i l e t h e se t w h i c h passes t o w a r d t h e 

p e r i p h e r y o f t h e n e c k c o m p r i s e s t h e m u s c u l a r b r a n c h e s t o t h e 

s t e r n o - m a s t o i d , t r a p e z i u s , l e v a t o r a n g u l i scapulae , a n d t h e 

s c a l e n u s m e d i u s , a n d c o m m u n i c a t i n g f i l a m e n t s t o a d j a c e n t 

n e r v e s . 

T h e filaments of communication b e t w e e n t h e c e r v i c a l 

p l e x u s a n d t h e p n e u m o g a s t r i c , h y p o - g l o s s a l , s p i n a l a c c e s s o r y , 

f i f t h c r a n i a l , a n d s y m p a t h e t i c n e r v e s , h a v e b e e n a l r e a d y d i s 

c u s s e d i n c o n n e c t i o n w i t h e a c h o f t h e s e n e r v e s . T h e y a l l i n 

d i c a t e s o m e d e f i n i t e p u r p o s e o n t h e p a r t o f N a t u r e , a n d c a n 

b e s t b e r e v i e w e d b y a c a r e f u l p e r u s a l o f t h e n o t e s t a k e n b y 

y o u i n t h e e a r l y p a r t o f t h i s c o u r s e o f l e c t u r e s . 1 M a n y o f t h e 

d i a g r a m s o f t h e s p e c i a l n e r v e s m e n t i o n e d w i l l m a k e p o i n t s 

c l e a r t o y o u w h i c h i t i s u se l e s s t o r e p e a t . 

T h e communicans noni nerve, w h o s e o r i g i n c a n b e t r a c e d 

t o t w o f i l a m e n t s c o n n e c t e d w i t h t h e s e c o n d a n d t h i r d c e r v i c a l 

n e r v e s , i s o f s u r g i c a l i n t e r e s t f r o m t h e r e l a t i o n w h i c h i t b e a r s 

t o t h e s h e a t h o f t h e c a r o t i d a r t e r y ; a n d t h e b r a n c h e s w h i c h 

a r e g i v e n o f f f r o m t h e l o o p , f o r m e d b y i t s j u n c t i o n w i t h t h e 

d e s c e n d e n s n o n i n e r v e , c a n b e seen b y r e f e r r i n g t o t h e d i a 

g r a m o f t h e h y p o - g l o s s a l n e r v e . 2 O c c a s i o n a l l y t h i s n e r v e i s 

f o u n d t o e n t e r t h e s h e a t h o f t h e c a r o t i d a r t e r v , a n d t o a n a s t o -

m o s e w i t h t h e d e s c e n d e n s n o n i n e r v e i n t h i s a b n o r m a l s i t u a -

1 For the association between the f i f th cranial nerve and the second cervical in the in
tegumentary supply of the ear, see page 157 ; between the facial nerve and cervical 
nerves, see page 1S6 ; between the pneumogastric nerve and the arcade formed by the first 
and second cervical nerves, see diagram of pneumogastric on page 238 ; between the 
spinal accessory nerve and the upper cervical nerves and its physiological bearing, see 
pages 262 and 267; finally, between the hypo-glossal nerve and the communicans noni 
nerve, see plate on page 275 of this volume. 

2 See page 275 of this volume. 
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t i o n . ' F r o m t h e l o o p w h i c h i t h e l p s t o f o r m , f i l a m e n t s a r e 

g i v e n t o t h e s t e r n o - t h y r o i d , s t e r n o - h y o i d , a n d b o t h b e l l i e s o f 

t h e o m o - h y o i d m u s c l e . T h u s these m u s c l e s a r e p l a c e d u n d e r 

t h e c o n t r o l o f t w o n e r v e s ; t h e o n e ( c o m m u n i c a n s n o n i n e r v e ) 

e n a b l i n g t h e m t o a c t i n h a r m o n y w i t h t h e m u s c l e s o f t h e n e c k , 

w h i l e t h e o t h e r ( de scendens n o n i n e r v e ) e n a b l e s t h e m t o ass i s t 

i n d e p r e s s i n g t h e l a r y n x a n d t h e h y o i d b o n e , a f t e r t h e b o l u s 

o f f o o d h a s p a s s e d t h e i s t h m u s o f t h e f a u c e s , t h u s a c t i n g i n 

h a r m o n y w i t h t h e t o n g u e , w h i c h i s a l so s u p p l i e d b y t h e h y p o 

g l o s s a l n e r v e . W e c a n p e r c e i v e , t h e r e f o r e , t h a t t he se m u s 

c les a r e c o n c e r n e d i n t w o d i s t i n c t f u n c t i o n s — t h e m o v e m e n t s 

o f t h e n e c k a n d t h e a c t o f d e g l u t i t i o n a n d s p e e c h ; h e n c e t h e y 

m u s t o f n e c e s s i t y b e s e p a r a t e l y s u p p l i e d b y t h e n e r v e s o f t h e 

n e c k a n d t h a t o f t h e t o n g u e , i n o r d e r t o p r o p e r l y p e r f o r m t h e 

t w o ac t s i n d e p e n d e n t l y o f e a c h o t h e r . 

T h e phrenic n.erve, c a l l e d a l so t h e " i n t e r n a l r e s p i r a t o r y 

n e r v e o f B e l l , " 3 a r i ses , b y t h r e e h e a d s , f r o m t h e t h i r d , f o u r t h , 

a n d f i f t h c e r v i c a l n e r v e s . I t s c o u r s e a n d d i s t r i b u t i o n g i v e i t a 

s u r g i c a l as w e l l as a p h y s i o l o g i c a l i m p o r t a n c e . I t l i e s i n f r o n t 

o f t h e s ca l enus a n t i c u s m u s c l e , a n d t h u s i n r e l a t i o n t o t h e 

s e c o n d p o r t i o n o f t h e s u b c l a v i a n a r t e r y ; l o w e r i n t h e n e c k , 

i t passes b e t w e e n t h e s u b c l a v i a n v e i n a n d t h e f i r s t p o r t i o n o f 

t h e s u b c l a v i a n a r t e r y ; w h e n i t h a s e n t e r e d t h e s u p e r i o r o p e n 

i n g o f t h e ches t , i t s c o u r s e u p o n t h e l e f t s i d e o f t h e b o d y l i e s 

i n f r o n t o f t h e a r c h o f t h e a o r t a a n d t h e p u l m o n a r y a r t e r y , 

b u t u p o n t h e r i g h t s i de t h e n e r v e passes b e t w e e n t h e s u p e r i o r 

v e n a c a v a a n d t h e r i g h t i n n o m i n a t e v e i n ; e a c h n e r v e crosses 

i n f r o n t o f t h e r o o t o f t h e c o r r e s p o n d i n g l u n g , g i v e s o f f t w i g s 

t o t h e p e r i c a r d i u m a n d p l e u r a , a n d p e r f o r a t e s t h e d i a p h r a g m , 

t o b e d i s t r i b u t e d t o i t s u n d e r s u r f a c e . B o t h n e r v e s g i v e f i l a 

m e n t s t o t h e p h r e n i c p l e x u s o f t h e s y m p a t h e t i c , a n d t h e r i g h t 

n e r v e f u r n i s h e s s o m e f i l a m e n t s t o t h e d i a p h r a g m a t i c g a n g l i o n . 

T h e d i s t r i b u t i o n o f t h e p h r e n i c n e r v e s t o t h e d i a p h r a g m 

i s m e n t i o n e d b y H i l t o n 3 as o n e o f t h e s i m p l e d e v i c e s o f 

1 It is sometimes found beneath the jugular vein, and, occasionally, in front of it. 
2 This name was applied to the phrenic nerve by Bell, since it passes internally to the 

chest wall, and assists in the physiological act of respiration. 3 Op. cit. 
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N a t u r e t o g u a r d t h e n e r v e s f r o m i n j u r y . I q u o t e f r o m h i s 

e x c e l l e n t t r e a t i s e as f o l l o w s : " ' A s a r u l e , n e r v e s e n t e r t h e 

m u s c l e s w h e r e t h e y w i l l b e m o s t s e c u r e f r o m p r e s s u r e , a n d i t 

i s c u r i o u s t o o b s e r v e h o w c a r e f u l N a t u r e h a s b e e n i n t h i s r e 

s p e c t t o g u a r d o n e o f t h e m o s t i m p o r t a n t n e r v e s i n t h e b o d y . 

T h e p h r e n i c n e r v e s ( o u r l i f e h a n g s o n t h e s e t h r e a d s ) , a f t e r 

p a s s i n g t h r o u g h t h e c h e s t , t r a v e r s e t h e d i a p h r a g m a n d d i s 

t r i b u t e t h e i r b r a n c h e s t o t h e under surface o f t h e d i a p h r a g m , 

a n d a r e so s i t u a t e d t h a t t h e y c a n n o t b e c o m p r e s s e d d u r i n g 

r e s p i r a t i o n . I f t h e y w e r e s i t u a t e d u p o n t h e u p p e r s u r f a c e 

o f t h e d i a p h r a g m , w h e r e t h e r e i s a c o n s t a n t a n d f o r c e d c o n 

t a c t b e t w e e n t h e base o f t h e l u n g a n d t h e s u p e r i o r a s p e c t o f 

t h e d i a p h r a g m , a n d e s p e c i a l l y so d u r i n g a r e t a i n e d i n s p i r a 

t i o n , i t i s o b v i o u s t h a t t h e f i l a m e n t s o f t h e p h r e n i c n e r v e 

w o u l d , u n d e r s u c h c i r c u m s t a n c e s , b e e x p o s e d o r s u b j e c t e d t o 

c o m p r e s s i o n , a n d t h e a c t i o n o f t h e d i a p h r a g m w o u l d b e d a n 

g e r o u s l y i n t e r f e r e d w i t h . T h e n e r v e s a r e , h o w e v e r , d i s t r i b 

u t e d t o t h e u n d e r o r c o n c a v e s u r f a c e o f t h e d i a p h r a g m ; t h e 

w h o l e t e n d e n c y o f g r a v i t a t i o n b e i n g t o r e m o v e t h e l i v e r , t h e 

s t o m a c h , a n d t h e s p l e e n a w a y f r o m t h e m , so as t o e n a b l e t h e 

n e r v e s t o c a r r y o n t h e i r i n f l u e n c e t o t h e d i a p h r a g m u n m o 

l e s t e d . " 

H o w e x t r a o r d i n a r y i s i t t h a t t h e p h r e n i c n e r v e ( a n e r v e 

so i m p o r t a n t t o l i f e ) c a n p a s s t h r o u g h t h e c h e s t b e t w e e n t h e 

d i l a t e d h e a r t a n d t h e i n f l a t e d l u n g s , a n d y e t , as f a r as w e 

k n o w , n e v e r r e c e i v e a n y u n t o w a r d i n f l u e n c e f r o m p r e s s u r e ! 

I t i s t r u e t h a t t h e l u n g s h a v e a r e m a r k a b l y d e f i n i t e c o n c a v e 

f o r m t o w a r d t h e h e a r t , a r c h i n g o v e r t h e c o u r s e o f t h e p h r e n i c 

n e r v e ; b u t , w h e n t h e l u n g s a r e e m p h y s e m a t o u s , i t s eems 

q u i t e p r o b a b l e t h a t t h e s e n e r v e s m i g h t s u f f e r f r o m p r e s s u r e , 

a n d c a u s e s o m e d i f f i c u l t y i n b r e a t h i n g . W h e n e x t r a v a s a t i o n 

o f a i r o c c u r s f r o m r u p t u r e o f t h e t r a c h e a o r a l a r g e b r o n c h i a l 

t u b e , t h e p a t i e n t d i e s r a p i d l y f r o m e x t r e m e s h o r t n e s s o f 

b r e a t h ; a n d t h i s c a n b e e x p l a i n e d b y t h e f a c t t h a t t h e a i r 

e n t e r s t h e t r a c t o f t h e p h r e n i c n e r v e , t h u s c a u s i n g e x t r e m e 

p r e s s u r e a n d d e a t h f r o m p a r a l y s i s o f t h e d i a p h r a g m . 

T h e d i s t r i b u t i o n o f t h e p h r e n i c n e r v e s t o t h e pericardium 
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seems t o w a r r a n t t h e s u p p o s i t i o n o f H i l t o n t h a t t h e p e r i c a r d i 

u m m a y b e c o n s i d e r e d as a p o r t i o n o f t h e f a s c i a l t e n d o n o f 

t h e d i a p h r a g m , s ince i t i s c l o s e l y i d e n t i f i e d w i t h i t , a n d i s a c t e d 

u p o n b y i t , a t a l l t i m e s . I t m a y a l so b e c o n s i d e r e d as p r o b 

a b l e t h a t t h e p h r e n i c n e r v e s a re e n d o w e d w i t h s o m e sensory 

f i l a m e n t s , 1 b y c o m m u n i c a t i o n w i t h o t h e r n e r v e s ; a n d t h e 

a n a l o g y o f t h e p e r i c a r d i u m a n d d i a p h r a g m t o a j o i n t , so b e a u 

t i f u l l y p o i n t e d o u t b y H i l t o n , w h e r e t h e f i b r o u s l a y e r o f t h e 

h e a r t sac r e s e m b l e s t h e c a p s u l a r l i g a m e n t , t h e s e rous l a y e r 

t h e s y n o v i a l m e m b r a n e , a n d t h e d i a p h r a g m t h e m u s c l e w h i c h 

m o v e s i t , i s c o n f i r m e d b y t h e s i m i l a r i t y o f n e r v o u s d i s t r i b u 

t i o n . 2 W e k n o w t h a t i n p e r i c a r d i t i s t h e p a t i e n t s c o m p l a i n 

o f a sense o f c o n s t r i c t i o n a n d t i g h t n e s s i n t h e ches t , a n d a re 

a f f l i c t e d w i t h a s h o r t n e s s o f b r e a t h ; w e a l so see a n i n f l a m e d 

c o n d i t i o n o f t h i s m e m b r a n e c r e a t i n g a s p a s m o f t h e d i a 

p h r a g m , p r e c i s e l y as t h e n e r v e s o f a n i n f l a m e d j o i n t c r e a t e a 

c o n t r a c t i o n o f t h e a d j a c e n t m u s c l e s ; a n d w h y a r e w e n o t 

j u s t i f i e d i n a t t r i b u t i n g these s y m p t o m s t o t h e a n a l o g y w h i c h 

a n a t o m y so w e l l s u s t a i n s , a n d t h e a x i o m o f n e r v e s u p p l y t o 

j o i n t s seems t o c o n f i r m ? 

CLINICAL POINTS PERTAINING TO THE CERVICAL NERVES. 

T h e d i s t r i b u t i o n o f t h e b r a n c h e s o f t h e u p p e r f o u r c e r v i c a l 

ne rves , w h i c h h a v e b e e n c o n s i d e r e d i n s o m e d e t a i l i n t h e p r e 

c e d i n g l e c t u r e , m a y be s a i d t o f u r n i s h s e n s o r y f i l a m e n t s t o 

t h e s k i n c o v e r i n g t h e o c c i p i t a l r e g i o n as h i g h as t h e v e r t e x , 

a n d t h e i n t e g u m e n t o f t h e n e c k , i n i t s p o s t e r i o r a n d l a t e r a l 

aspec ts , as f a r d o w n as t h e s h o u l d e r . T h e m u s c u l a r f i l a 

m e n t s g i v e n o f f b y t he se n e r v e s h a v e l i t t l e c l i n i c a l i n t e r e s t , 

s ince t h e diseases w h i c h a re m o s t f r e q u e n t l y m e t a r e c o n f i n e d 

c h i e f l y t o t h e g r e a t o c c i p i t a l n e r v e , t h e c u t a n e o u s b r a n c h e s o f 

t h e n e c k , a n d t h e p h r e n i c , W e w i l l c o n s i d e r , t h e r e f o r e , o n l y 

1 Luschka and Ilenle regard the phrenic as a mixed nerve. This view seems to be 
sustained by cases of neuralgia (as reported by Falot, Peter, Erb, and others) which have 
been produced by irritation of this nerve. The development of Luschka's ganglion upon 
this nerve seems to be a further evidence of the existence of sensory as well as motor 
fibers within the phrenic. 

2 Sec axioms of nerve distribution, on page 359 of this volume. 
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t h a t t y p e o f n e u r a l g i a w h i c h a f f e c t s t h e r e g i o n s o f t h e o c c i 

p u t a n d n e c k c a l l e d u c e r v i c o - o c c i p i t a l n e u r a l g i a " a n d t h e 

n e r v o u s d i s o r d e r s d e p e n d e n t u p o n t h e d i s t r i b u t i o n o f t h e 

p h r e n i c n e r v e . 

Cervico-occipital Neuralgia.—This- i s a r a r e f o r m o f d i s 

ease. I t i s i n d u c e d b y e x p o s u r e , p e r h a p s , m o r e f r e q u e n t l y 

t h a n b y a n y o t h e r c ause . I t m a y b e a l s o t h e r e s u l t o f d i s 

eases o f t h e s p i n a l c o l u m n , s u c h as p e r i o s t i t i s , s p o n d y l i t i s o f 

t h e c e r v i c a l r e g i o n , t u m o r s , a n d i n j u r i e s ; a l s o o f w o u n d s o f 

t h e n e r v e s , i r r i t a t i o n o f t h e c e r v i c a l p o r t i o n o f t h e s p i n a l 

c o r d , e n l a r g e d l y m p h a t i c g l a n d s , n e u r o m a t a , t u m o r s o f t h e 

n e c k o r s p i n a l c o r d , f o r e i g n b o d i e s , e t c . A n e u r i s m o f t h e v e r 

t e b r a l a r t e r y h a s b e e n k n o w n t o p r o d u c e i t . 

T h e p a i n o f t h i s t y p e o f n e u r a l g i a m a y b e c o n t i n u o u s o r 

p a r o x y s m a l , a n d e i t h e r c i r c u m s c r i b e d o r w i d e l y d i f f u s e d o v e r 

t h e e n t i r e o c c i p i t a l a n d c e r v i c a l r e g i o n s . I n s eve re p a r o x 

y s m s o f p a i n , t h e m o v e m e n t s o f t h e h e a d a n d t h e a c t s o f 

s p e e c h a n d m a s t i c a t i o n m a y b e r e n d e r e d d i f f i c u l t o r i m p o s s i 

b l e . M o v e m e n t s o f t h e h e a d , a n d t h e a c t s o f l a u g h i n g , sneez

i n g , a n d m a s t i c a t i o n , o f t e n t e n d t o e x c i t e t h e p a r o x y s m s o f 

p a i n . 1 

A s i n m a n y o t h e r f o r m s o f n e u r a l g i a , c e r t a i n p o i n t s o f e x 

t r e m e t e n d e r n e s s , t h e '•'•puncta dolorosa o f V a l l e i x , " m a y b e 

d e t e c t e d , a n d t h e s e m a y b e d i s t i n c t l y l o c a t e d a t t h e f o l l o w i n g 

s p o t s : 

1 . W h e r e t h e g r e a t o c c i p i t a l n e r v e escapes at the occiput, 

b e t w e e n t h e m a s t o i d p r o c e s s a n d t h e first c e r v i c a l v e r t e b r a . 

2 . W h e r e t h e b r a n c h e s o f t h e c e r v i c a l p l e x u s e scape 

a r o u n d t h e p o s t e r i o r b o r d e r o f t h e s t e r n o - m a s t o i d m u s c l e , i n 

t h e middle point of the neck. ( T h i s p o i n t o f t e n d e r n e s s m a y 

be a b s e n t . ) 

3. W h e r e t h e s m a l l o c c i p i t a l a n d g r e a t a u r i c u l a r n e r v e s 

escape t o t h e s u r f a c e , j u s t behind the mastoid process. 

4. W h e r e t h e f r o n t a l b r a n c h o f t h e t r i g e m i n u s , t h e g r e a t 

a u r i c u l a r , a n d t h e o c c i p i t a l n e r v e s m e e t , o v e r t h e s i t u a t i o n o f 

t h e parietal protuberance. 
1 The fixed attitude in which this class of patients hold their heads is very characteristic. 

26 
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5. W h e r e t h e a u r i c u l a r n e r v e s m e e t , o n t h e concha o f t h e 

ea r . 1 

I t i s t h e d e t e c t i o n o f t he se p o i n t s o f t e n d e r n e s s 2 t h a t as

s is ts t h e d i a g n o s t i c i a n t o d i s c r i m i n a t e b e t w e e n r h e u m a t i c 

p a i n s a n d t h o s e o f a p u r e l y n e u r a l g i c c h a r a c t e r , a n d i t w i l l 

u s u a l l y b e o b s e r v e d t h a t t h e p a r o x y s m s o f p a i n s t a r t f r o n i 

t hese p o i n t s o f t e n d e r n e s s . T h i s t y p e o f n e u r a l g i a i s o f t e n 

a s s o c i a t e d w i t h a s i m i l a r a f f e c t i o n o f t h e f i f t h n e r v e , a n d occa

s i o n a l l y o f t h e b r a c h i a l p l e x u s . I t m a y be f o l l o w e d b y n u 

t r i t i v e d i s t u r b a n c e s , s u c h as f a l l i n g o u t o f t h e h a i r o v e r t h e 

a f f e c t e d r e g i o n . T h e d u r a t i o n o f t h i s f o r m o f n e u r a l g i c p a i n 

v a r i e s f r o m a f e w d a y s , t o w e e k s , m o n t h s , o r e v e n y e a r s , de

p e n d i n g s o m e w h a t u p o n t h e e x c i t i n g cause . 

DISORDERS OF THE PHREXIC XERVE. 

T h e p h r e n i c n e r v e m a y m a n i f e s t t h e e f f e c t s o f i r r i t a t i o n i n 

t h e f o r m o f n e u r a l g i a , c l o n i c s p a s m ( h i c c o u g h ) , a n d t o n i c 

s p a s m o f t h e d i a p h r a g m ; a n d a l so t h a t o f a m o r e s e r i o u s i m 

p a i r m e n t o f i t s f u n c t i o n , as d i a p h r a g m a t i c p a r a l y s i s . 

Diaphragmatic neuralgia seems t o b e m a n i f e s t e d ( i n 

t h o s e f e w r e p o r t e d cases w h i c h a re w e l l a u t h e n t i c a t e d ) b y a 

p a i n w h i c h b e g i n s i n t h e base o f t h e t h o r a x , a t t h e p o i n t o f 

i n s e r t i o n o f t h e d i a p h r a g m , a n d w h i c h r a d i a t e s u p w a r d i n t o 

t h e t e r r i t o r y o f t h e s h o u l d e r a n d n e c k , w h i c h i s s u p p l i e d b y 

t h e c u t a n e o u s b r a n c h e s o f t h e c e r v i c a l p l e x u s . The points of 

tenderness w h i c h e x i s t i n t h i s a f f e c t i o n s e e m t o b e m o s t 

m a r k e d (1) i n t h e r e g i o n o f o r i g i n o f t h e p h r e n i c , n e a r t o t h e 

s p i n o u s processes o f t h e m i d d l e t h r e e c e r v i c a l v e r t e b r a e ; (2) 

o v e r t h e n e r v e , as i t e n t e r s t h e s u p r a - c l a v i c u l a r f o s s a ; a n d (3) 

a t t h e a n t e r i o r i n s e r t i o n s o f t h e d i a p h r a g m , b e t w e e n t h e 

s e v e n t h a n d t h e t e n t h r i b s . I t i s c l a i m e d b y E r b t h a t a p o i n t 

o f t e n d e r n e s s c a n o f t e n b e d e t e c t e d o v e r t h e c a r t i l a g e o f t h e 

t h i r d r i b , b u t I f i n d i t d i f f i c u l t t o e x p l a i n t h i s s y m p t o m o n 

1 This point of tenderness is often absent. 
2 I t will be noticed that these points of circumscribed tenderness correspond, in every 

instance, to the approach of some nerve or its terminal filaments to the surface of the 
body. The points of subdivision of a nerve trunk into its branches of distribution arc often 
the seat of this excessive sensitiveness to pressure. 
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anatomical grounds, although its presence in some cases 

s e e m s t o b e p r o v e n . 

T h e p a i n o f p h r e n i c n e u r a l g i a i s m o r e o r less c o n t i n u o u s , 

s i n c e t h e i n c e s s a n t m o v e m e n t s o f t h e d i a p h r a g m t e n d t o e x 

c i t e i t ; b u t e x a c e r b a t i o n s , o f a c h a r a c t e r c l o s e l y r e s e m b l i n g 

d i s t i n c t p a r o x y s m s , a r e o f t e n o b s e r v e d , w h e n t h e p a i n b e 

c o m e s l a n c i n a t i n g a n d causes i m p e d e d r e s p i r a t i o n . T h e 

e f f o r t s o f c o u g h i n g , s n e e z i n g , o r e x e r t i o n o f a n y k i n d w h i c h 

i n v o l v e s t h e m u s c l e s o f t h e t r u n k , a r e r e n d e r e d d i f f i c u l t a n d 

p a i n f u l . M u s c u l a r d e b i l i t y a n d t r e m b l i n g s i n t h e u p p e r e x 

t r e m i t y a r e s o m e t i m e s p r e s e n t . A s t h i s t y p e o f n e u r a l g i a 

o f t e n a c c o m p a n i e s o r g a n i c l e s i o n s o f t h e h e a r t , c o n c o m i t a n t 

p h e n o m e n a , s u c h as c a r d i a c p a l p i t a t i o n , a n g i n a p e c t o r i s , e t c . , 

m a y c o e x i s t . 

A l t h o u g h p h r e n i c n e u r a l g i a i s n o t i n f r e q u e n t l y a n i n d e 

p e n d e n t a n d p r i m a r y d i s ea se i n t h e a n a e m i c a n d n e r v o u s c lass 

o f p a t i e n t s ( e s p e c i a l l y a f t e r e x p o s u r e t o c o l d , d a m p n e s s , e t c . ) , 

s t i l l i t i s f a r m o r e c o m m o n l y m e t w i t h as a c o n c o m i t a n t a f f e c 

t i o n o f s o m e o t h e r d i sease . I t i s t h e r e f o r e a l w a y s b e s t t o 

l o o k f o r t h e e x i s t e n c e o f h e a r t l e s i o n s , a n e u r i s m o f t h e m e d i 

a s t i n u m , B a s e d o w ' s d i sease , a n g i n a p e c t o r i s , a n d d i seases o f 

t h e l i v e r a n d o f t h e s p l e e n , s i n c e t h e y m a y e x p l a i n t h e 

p h r e n i c s y m p t o m s a n d m o d i f y t h e p r o g n o s i s . 

T h e c l o s e r e s e m b l a n c e w h i c h t h i s t y p e o f n e u r a l g i a h a s t o 

a t t a c k s o f d i a p h r a g m a t i c p l e u r i s y , p e r i c a r d i t i s , u n c o m p l i c a t e d 

a n g i n a p e c t o r i s , a n d g a s t r a l g i a , m a k e s t h e s i t u a t i o n o f t h e 

d i a g n o s t i c p o i n t s o f t e n d e r n e s s a n i m p o r t a n t f a c t o r i n t h e 

d i s c r i m i n a t i o n . 

V i o l e n t s p a s m o d i c c o n t r a c t i o n s o f t h e d i a p h r a g m , t e r m e d 

clonic spasm o r "hiccough" a r e a c c o m p a n i e d b y a n i n s p i 

r a t o r y s o u n d , i n t e r r u p t e d b y a s u d d e n s p a s m o f t h e c o n 

s t r i c t o r s o f t h e g l o t t i s , a n d f o l l o w e d b y a s h o r t e x p i r a t i o n . 

T h e s y m p t o m s p r o d u c e d b y t h i s c o n d i t i o n d e p e n d u p o n t h e 

i n t e n s i t y a n d d u r a t i o n o f t h e a t t a c k . I n s eve re cases t h e r e 

m a y b e p a i n , e m b a r r a s s m e n t o f s p e e c h , d y s p n o e a , a n d r e t r a c 

t i o n o f t h e e p i g a s t r i c r e g i o n . T h e causes o f h i c c o u g h m a y b e 

c l a s s e d u n d e r t h r e e h e a d s : 1 , t h o s e o f d i r e c t i r r i t a t i o n o f t h e 
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p h r e n i c , as o c c u r s i n t h e case o f m e d i a s t i n a l t u m o r s , a n e u r i s m 

o f t h e a r c h , p n e u m o n i c o r p l e u r i t i c i n f l a m m a t i o n , p r e s s u r e 

f r o m p l e u r i t i c e f f u s i o n , e tc , ; 2, t h o s e o f a r e f l e x n a t u r e , as 

i n diseases o f t h e u r i n a r y o r g a n s , t h e u t e r u s , a n d t h e i n t e s t i n a l 

t r a c t a n d t h e l i v e r ; t h e i r r i t a t i o n o f b i l i a r y o r r e n a l c a l c u l i ; 

i r r i t a t i o n o f t h e p h a r y n x , oesophagus , a n d s t o m a c h ; a n d d i s 

eases o f t h e p e r i t o n a e u m ; 3, t h o s e o f c e n t r a l o r i g i n , as o c c u r s 

i n h y s t e r i a , l o c a l , b r a i n , o r s p i n a l diseases, b l o o d p o i s o n i n g 

(as i n t h e f e v e r s , c h o l e r a , d y s e n t e r y , e t c ) , a f t e r e m o t i o n a l 

e x c i t e m e n t , a n d f r o m t h e g e n e r a l anaemia o f n e r v e cen t e r s 

a f t e r h a e m o r r h a g e . Y o u c a n see f r o m t h i s l i s t o f causes t h a t 

t h e s y m p t o m o f h i c c o u g h , i f o c c u r r i n g l a t e i n c o n n e c t i o n w i t h 

a n y f o r m o f disease, m a y b e a m o s t s e r i o u s s y m p t o m . 

Tonic spasm of the diaphragm i s a r a r e f o r m o f disease. 

I t h a s b e e n c a l l e d " d i a p h r a g m a t i c t e t a n u s . " T h e s y m p t o m s 

o f t h i s o b s c u r e a f f e c t i o n h a v e b e e n d e v e l o p e d t h r o u g h t h e e x 

p e r i m e n t s o f D u c h e n n e u p o n a n i m a l s , a n d t h e c a r e f u l obser

v a t i o n s o f Y a l e t t e , F i s c h l , Y i g l a , O p p o l z e r , D u c h e n n e , a n d 

o t h e r s u p o n m a n . 

T h e p a t i e n t i s a t o n c e m a r k e d l y a s p h y x i a t e d , t h e l i v e r i s 

d i s p l a c e d d o w n w a r d b y t h e c o n t r a c t e d d i a p h r a g m ; t h e l o w e r 

h a l f o f t h e t h o r a x i s e n l a r g e d a n d r e n d e r e d i m m o v a b l e ; t h e 

i n s p i r a t i o n s a r e e x t r e m e l y s h o r t , a n d t h e e x p i r a t i o n s a r e n o i s y 

a n d p r o l o n g e d . T h e f a c e s h o w s t h e e v i d e n c e s o f a n x i e t y a n d 

c y a n o s i s ; t h e p u l s e i s s l o w a n d d i m i n i s h e d i n v o l u m e ; a n d 

t h e v o i c e i s m o n o t o n o u s i n t o n e , a n d o f t e n i n t e r r u p t e d . 

A c u t e p a i n s p e r v a d e t h e l o w e r r e g i o n s o f t h e t h o r a x , a n d 

s h o o t o v e r t h e e p i g a s t r i u m . W h i l e o n e case seems t o h a v e 

e n d e d f a t a l l y , a l l o t h e r r e p o r t e d cases h a v e r e c o v e r e d . 

Paralysis of the diaphragm m a y o c c u r as a s y m p t o m o f 

h y s t e r i a , l e a d p o i s o n i n g , t h e a d v a n c e d s tages o f p r o g r e s s i v e 

m u s c u l a r a t r o p h y , a n d p a r a l y s i s o f t h e b u l b a r n u c l e i . I t 

m a y b e a l so p r o d u c e d b y t h e e x t e n s i o n o f i n f l a m m a t i o n i n 

cases o f p l e u r i s y o r p e r i t o n i t i s , t h u s c r e a t i n g e x u d a t i o n o r 

s u p p u r a t i o n i n t h e s u b s t a n c e o f t h e m u s c l e . 

W h e n t h i s c o n d i t i o n i s f u l l y d e v e l o p e d , t h e a b d o m i n a l 

w a l l s a r e r e t r a c t e d d u r i n g e a c h i n s p i r a t o r y e f f o r t , w h i l e t h e 
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l o w e r p o r t i o n o f t h e t h o r a x i s d i s t e n d e d ; i n e x p i r a t i o n , h o w 

eve r , t h e h y p o c h o n d r i a c r e g i o n , as w e l l as t h e e p i g a s t r i c , 

s i n k s i n , w h i l e t h e c h e s t b e c o m e s d i m i n i s h e d i n i t s c a p a c i t y . 

T h e r e s p i r a t i o n b e c o m e s s l o w a n d d i f f i c u l t , a n d s p e a k i n g o r 

m u s c u l a r m o v e m e n t s i n c r e a s e t h e e m b a r r a s s m e n t o f t h i s f u n c 

t i o n . T h e v o i c e i s u s u a l l y e n f e e b l e d , a n d m a y b e e n t i r e l y 

l o s t . T h e l i v e r t e n d s t o r i s e i n t h e c h e s t , d u r i n g i n s p i r a t i o n , 

r a t h e r t h a n t o b e d i s p l a c e d d o w n w a r d i n t o t h e a b d o m e n . 

THE FOUR LOWER CERVICAL NERVES. 

A s w a s t h e case w i t h t h e f o u r u p p e r n e r v e s , w h i c h e scape 

f r o m t h e c e r v i c a l p o r t i o n o f t h e s p i n a l c o r d , t h e f o u r l o w e r 

d i v i d e i n t o a n t e r i o r a n d p o s t e r i o r d i v i s i o n s , as s o o n as t h e y 

escape f r o m t h e s p i n a l f o r a m i n a . T h e anterior divisions o f 

e a c h j o i n t o f o r m t h e b r a c h i a l p l e x u s o f n e r v e s , w h i c h s e n d s 

filaments o f d i s t r i b u t i o n t o t h e n e c k , s h o u l d e r , u p p e r e x 

t r e m i t y , a n d s i d e o f t h e t h o r a x . T h e posterior divisions d o 

n o t f o r m a p l e x u s , 1 b u t a r e s e p a r a t e l y d i s t r i b u t e d t o t h e s e m i -

s p i n a l i s , c o m p l e x u s , s p l e n i u s , a n d t r a p e z i u s m u s c l e s , a n d t h e n 

s e n d t w i g s t o t h e i n t e g u m e n t 2 o v e r t h e s e m u s c l e s , v i z . , o v e r 

t h e r e g i o n o f t h e s p i n e i n t h e l o w e r p a r t o f t h e n e c k . 

T h e f o l l o w i n g t a b l e 3 w i l l a s s i s t y o u i n m a s t e r i n g t h e c o n 

s t r u c t i o n o f t h e b r a c h i a l p l e x u s , a n d i n u n d e r s t a n d i n g t h e 

p l a t e s o f t h a t c o m p l i c a t e d m e s h - w o r k o f n e r v e s . I t m a y b e 

w e l l t o r e m a r k t h a t t h e d i a g r a m s o f t h i s p l e x u s a r e s e l d o m 

a l i k e i n t h e w o r k s o f a n y t w o a u t h o r s ; s i n c e , i f t h e y a r e 

i n t e n d e d t o b e a c c u r a t e r e p r e s e n t a t i o n s o f t h e p a r t s , t h e y n a t 

u r a l l y t e n d t o s h o w t h e g r e a t d i s s i m i l a r i t i e s w h i c h e x i s t i n 

t h e u n i o n o f t h e d i f f e r e n t n e r v e s w h i c h h e l p t o f o r m i t , w h i l e , 

i f p u r e l y d i a g r a m m a t i c , n o t w o a u t h o r s w o u l d n a t u r a l l y f o l 

l o w t h e s a m e s c h e m a t i c p l a n . N o t w i t h s t a n d i n g t h e d i s s i m i 

l a r i t i e s w h i c h e x i s t , t h e r e a re , h o w e v e r , p o i n t s o f r e s e m b l a n c e 

1 In the case of the three upper cervical nerves, an anastomosis of the posterior di
visions occurs, to which Cruvcilhier applies the term " posterior cervical plexus." 

2 See researches of Cruveilhier, Sappey, Hirschfeld, and others. 
3 Modified from tables in " The Essentials of Anatomy" (Darling and Ranney). 

G. P. Putnam's Sons, New York, 18S0. 
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i n t h e m a l l , w h i c h c o n s i s t i n t h e d e l i n e a t i o n o f a n o u t e r c o r d 

f o r m e d b y t h e f i f t h , s i x t h , a n d s e v e n t h c e r v i c a l n e r v e s ; a n 

i n n e r c o r d f o r m e d b y t h e e i g h t h c e r v i c a l a n d f i r s t d o r s a l 

n e r v e s ; a n d a m i d d l e c o r d f o r m e d b y a b r a n c h f r o m b o t h t h e 

o u t e r a n d t h e i n n e r , w h i c h s u b s e q u e n t l y u n i t e . 

THE BRACHIAL PLEXUS. 

Anterior ] 
division ot* 
5TH CER

VICAL 
nerve. 

Anterior 
division of 
6TH CER

VICAL 
nerve. 

Anterior 
division of 
7TH CER

VICAL 

f Posterior thoracic (external respiratory nerre 
of Bell) distributed to the serratus magnus 
muscle. 

Form 
otUer 

cord of 

nerve. 

Supra-scapu- Supra-spinatus, 

V BRACHIAL 
PLEXUS. 

Anterior 1 
division of 
8TH CER

VICAL 
nerve. Form in -

??ercord 

Anterior 
division of 
1ST DOR

SAL nerve. J 

of. 

Branches 
above the -
clavicle. 

\ Shoulder joint. 
( Khomboidei muscles (from 5th 

cervical nerve), 
Subclavius (from 5th and 6th 

cervical nerves), 
Muscular (S) { S M d | (from 6th,7th, 

Longus colli ") a n d , 8 t h cer: 
b ( vical nerves), 

Levator anguli scapula; (from 
[ Eth cervical nerve). 

_ Communicating branch (to phrenic nerve). 

From inner 
cord 

f Internal anterior thoracic, 
I Internal cutaneous, 
| Lesser internal cutaneous (W?islerg*s nerve), 

Branches 
below the { From outer V clavicle. 

| Inner head of median nerve, 
|_ Ulr.ar nerve. 

I External anterior thoracic, 
rord"""" I External cutaneous, 

( Outer head of median nerve. 
f 1st subscapular nerve, 

From naste- ' ' 2 d subscapular nerve, 
r K o r d < 3d subscapular nerve, 
nor cora. j Musculo-spiral nerve, 

t_ Circumflex nerve. 
T h i s t a b l e a n d t h e d i a g r a m ( a f t e r G r a y ) s h o w n o n t h e n e x t 

p a g e w i l l h e l p t o m a k e c l e a r t h e m e t h o d o f c o n s t r u c t i o n o f 

t h e b r a c h i a l p l e x u s , a n d t h e m a i n b r a n c h e s w h i c h a r e g i v e n 

o f f f r o m i t s d i f f e r e n t p o r t i o n s . I t w i l l be p e r c e i v e d t h a t t h e 

b r a n c h e s o f d i s t r i b u t i o n a r e s u b d i v i d e d i n t o two sets : t h o s e 

g i v e n o f f a b o v e t h e l i n e o f t h e c l a v i c l e a n d t h o s e g i v e n o f f 

b e l o w t h a t l i n e . T h e f o r m e r set, i f t r a c e d , w i l l b e seen t o 

s u p p l y t h e m u s c l e s o f t h e s c a p u l a r r e g i o n , s o m e o f t h e m u s 

cles o f t h e n e c k , t h e s e r r a t u s m a g n u s (a m u s c l e o f r e s p i r a t i o n ) , 

a n d t h e s u b c l a v i u s . T h e b r a n c h o f c o m m u n i c a t i o n w h i c h 

h e l p s t o c o m p l e t e t h e f o r m a t i o n o f t h e p h r e n i c n e r v e i s a l s o 

s h o w n t o a r i s e f r o m t h e f i f t h c e r v i c a l n e r v e . T h e b r a n c h e s 
1 The posterior cord of the brachial plexus is formed by a branch from both the inner 
and outer cord. 
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w h i c h a r e g i v e n o f f b e l o w t h e l i n e o f t h e c l a v i c l e a r e d i s t r i b 

u t e d t o t h e m u s c l e s o f t h e u p p e r e x t r e m i t y , a n d w i l l b e c o n 

s i d e r e d i n d e t a i l i n s u b s e q u e n t t a b l e s a n d d i a g r a m s . 

FIG. 136.—A diagram of the brachial plexus and its branches. (Gray.) 

V a r i e t i e s , m o r e a p p a r e n t t h a n r e a l , a r e f r e q u e n t l y m e t 

w i t h i n t h e f o r m a t i o n o f t h i s p l e x u s , 1 r e s u l t i n g f r o m t h e c o r 

r e s p o n d i n g i n c r e a s e o r d i m i n u t i o n i n t h e s ize o f t h e a b o v e 

a n a s t o m o t i c b r a n c h e s , a n d o f t h e p o r t i o n o f t h e p o s t e r i o r c o r d 

w h i c h i s g i v e n o f f b y t h e s e v e n t h c e r v i c a l n e r v e . T h e p o s t e 

r i o r c o r d m a y b e o c c a s i o n a l l y f o r m e d b y t h e s e v e n t h c e r v i c a l 

n e r v e a l o n e ; w h i l e i t m a y i n s o m e i n s t a n c e s b e f o r m e d b y t w o 

b a n d s , a r i s i n g f r o m t h e f i f t h a n d s i x t h n e r v e s , w i t h o u t a n y 

a s s i s t a n c e f r o m t h e s e v e n t h n e r v e . O t h e r v a r i a t i o n s m a y r e -

1 The dissections and paper of It. C. Lucas upon this point (" Guy's Hospital Picports " 
1875) and the description of this plexus by Henle seem to confirm each other as regards 
the abnormalities of its formation. 
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s u i t f r o m t h e b r a n c h e s o f t h e p l e x u s b e i n g g i v e n o f f a t a h i g h e r 

o r l o w e r p o i n t t h a n u s u a l , a n d a l so b y t h e s e v e n t h n e r v e j o i n 

i n g t h e p l e x u s a t a h i g h e r o r l o w e r l e v e l t h a n n o r m a l . 

T h e b r a c h i a l p l e x u s , as a w h o l e , i s b r o a d b e t w e e n t h e m i d 

d l e a n d a n t e r i o r s c a l e n i m u s c l e s , a t w h i c h p o i n t i t l i e s i m m e 

d i a t e l y above t h e s e c o n d p o r t i o n o f t h e s u b c l a v i a n a r t e r y ; i t 

i s c o n t r a c t e d i n size o p p o s i t e t h e c l a v i c l e , w h e r e t h e o u t e r 

a n d i n n e r c o r d s l i e o n t h e outer side o f t h e t h i r d p o r t i o n o f 

t h e s u b c l a v i a n a r t e r y ; a n d , i n t h e a x i l l a , i t a g a i n e x p a n d s , 

t h e t h r e e c o r d s b e a r i n g t h e r e l a t i o n t o t h e s e c o n d p o r t i o n o f 

FIG. 137.—Anterior branches of the four last ccrvical and the first dorsal nerves. (Hirsch
feld.) 

1, anterior branch of the fifth ccrvical, ordinarily united with the sixth cervical before di
viding; 2, anterior branch of the sixth ccrvical; 3, anterior branch of the seventh 
cervical; 4, anterior branch of the eighth ccrvical; 5, anterior branch of the first 
dorsal; 6, origin of the subclavian nerve ; 7, posterior thoracic arising from the 
fifth, sixth, and seventh cervical nerves; 8, supra-scapular; 9, common trunk of 
of the branches supplying the levator anguli scapula? and the rhomboidei; 10, superior 
subscapular; 11, anterior thoracic branches; 12, inferior subscapular: 13, long sub
scapular; 14, separate branch to the teres major; 15, circumflex nerve; 16, lesser 
internal cutaneous; 17, internal cutaneous; 18, ulnar; 19, median; 20, musculo-
spiral ; 21, radial. 

the axillary artery which their names designate. Thus it will 

be perceived that this plexus has important surgical relations 

with the last two portions of the subclavian artery and the 

two upper portions of the axillary artery The terminal 

branches of the three cords are also in relation with the third 
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portion of the axillary artery, since they almost entirely sur

r o u n d i t . 

T h e p r e c e d i n g c u t o f t h e b r a c h i a l p l e x u s , t a k e n f r o m t h e 

s u p e r b a n a t o m i c a l w o r k o f S a p p e y , w i l l e n a b l e y o u t o c o n -

FIG. 138.— Collateral branches of the brachial plexus. (Hirschfeld.) 
] , arcade formed by the anastomosis of the descending branch of the hypo-glossal with 

the internal descending branch of the cervical plexus; 2, pneumogastric nerve ; 3, 
phrenic nerve; 4, anterior branch of the f i f th cervical pair; 5, anterior branch of 
the sixth cervical pair ; 6, anterior branch of the seventh cervical pair : 7, 8, anterior 
branch of the eighth cervical pair and first dorsal pair; 9, 9, branch to the subcla
vius muscle; 10, long thoracic nerve; 11, nerve to the pectoralis major giving off a 
filament to anastomose with that supplying the pectoralis minor; 12, supra-scapular 
nerve passing under the coracoid ligament; 13, nerve supplying the pectoralis minor 
muscle; 14, branch supplying the pectoralis minor muscle given off from the one 
which supplies the pectoralis major muscle ; 15, inferior branch of the subscapularis ; 
1(3, nerve to the teres major muscle ; 17, nerve to the latissimus dorsi muscle; 18, 
accessory branch of the internal cutaneous; 19, an anastomosis of this branch with 
the perforating branch of the second intercostal nerve; 20, ramification of the ac
cessory branch of the internal cutaneous nerve; 21, internal cutaneous nerve; 22, 
ulnar nerve ; 23, median nerve ; 24, musculo-cutaneous nerve ; 25, radial nerve. 

trast the diagrammatic plate of Gray 1 with the actual repre

sentation of the parts under consideration. 
1 See page 380 of this volume. 
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COMMUNICATIONS OF THE PLEXUS. 

T h e b r a c h i a l p l e x u s c o m m u n i c a t e s w i t h t h e cervical p l e x u s 

b y a b r a n c h w h i c h j o i n s t h e f o u r t h a n d f i f t h n e r v e s , a n d b y 

o n e h e a d o f t h e p h r e n i c n e r v e . I t a l so sends f i l a m e n t s t o t h e 

middle and inferior cervical ganglia o f t h e s y m p a t h e t i c , 

a n d , i n t h i s w a y , a n a s t o m o s e s w i t h t h e c o r r e s p o n d i n g f i l a m e n t s 

o f t h e first dorsal nerve. 

NERVES OF THE UPPER EXTREMITY. 

BRANCHES OF THE OUTER CORD OF THE BRACHIAL PLEXUS.1 

Branches of 
the OUTER 

CORD of the 
brachial 
plexus. 

(1) EXTERNAL 
ANTERIOR THO
RACIC 

Pectoralis major. 

(2) EXTERNAL 
or MUSCULO-CU-
TANEOUS 

Muscular 
branches. 

Anterior 
branch. 

Posterior 
branch. 

Articular 
branch. 

In fore
arm. 

(3) MEDIAN . . •{ 

In the 
hand. 

I Coraeo-brachialis, 
j Biceps, 
( Brachialis anticus. 
1 Integument of the front of forearm, 
\ Integument of ball of thumb, 
( Joins with the radial nerve. 

Integument of radial side of back of fore
arm. 

\ Joins with the radial nerve. 
| Joins with the external cutaneous branch 
(. of the musculo-spiral nerve. 
| To elbow jcint. 
{ Pronator radii teres, 

Muscu- ! Flexor carpi radialis, 
lar. j Pahnaris longus, 

[ Flexor sublimis digitorum. 
f Flexor longus pollieis, 

Flexor profundus digitorum 
(its outer hall), 

( Pronator quadratus. 
( Integument of palm, 
-j Integument of ball of the 
( thumb. 

Abductor pollieis, 
Opponens pollieis, 
Flexor brcvis pollieis (outer 

head). 
Digital to thumb (palmar sur

face), 
Digital to index finger (outer 

side). 
Digital to contiguous sides of 

index, middle, and ring fin
gers, 

Filaments to the two outer 
lumbrieales muscles. 

Anterior 
interosse

ous. 
Palmar 
cutane

ous. 

External 
branch. 

Internal 
branch. 

1 Modified from a table in " The Essentials of Anatomy " (Darling and Ranney). G. P. 
Putnam's Sons, New York, 1880. 
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BRANCHES OF THE INNER CORD OF THE BRACHIAL PLEXUS. 1 

TERIOR THORAC
IC. 

(2)INTERNAL CU
TANEOUS. 

Branches of 
the INNER 
CORDofthe -
b rach ia1 
plexus. 

f (1) INTERNAL AN- j r > o t a pectoral muscles (since its filaments lie above 
and underneath the pectoralis minor muscle). 

Anterior ( Integument of the anterior surface of the 
, , \ inner side of the forearm as low as the 
branch. ) . „ 

( wrist. 
Posterior { Integument of the posterior surface of the 

, , < inner side of the forearm to near the 
branch, j . . 

( wrist. 
May, occasionally, be wanting (the intercosto-humeral 

nerve taking its place). 
Integument of the posterior surface of the lower third 

of the arm (joining with the intercosto-humcral 
nerve and the posterior branch of the internal cu
taneous nerve). 

Articular (to elbow joint)—several small 
filaments. 

Flexor carpi ulnaris, 
Inner half of flexor pro-

(3) LESSER IN 
TERNAL CUTA 
NEOUS. (Wris 
berg.) 

A 
i 

< 
i 
i 
i 

In the 
forearm. 

(4) ULNAR. «j 

Muscular. 

Palmar cuta
neous. 

Dorsal cuta
neous. 

fundus digitorum. 
Integument of front of 

wrist and palm of hand. 
Integument at back of 

wrist and one and one 
half fingers on inner 
side of dorsal surface 
of hand. 

Articular. -J To wrist joint. 

In hand. < 

Superficial 
branches. 

Deep 
branches. 

f Palmaris brevis, 
Integument of inner one 

and one half fingers on 
palm. 

Muscles of little finger, 
Interossei muscles, 
The two inner lumbricalcs, 
Adductor pollieis, 
Flexor brevis pollieis {in

ner head. 

T h e a c c o m p a n y i n g t a b l e s w i l l a f f o r d u s a b e t t e r c o n c e p t i o n 

o f t h e d i s t r i b u t i o n o f t h e b r a n c h e s o f t h e t h r e e main cords o f 

t h e b r a c h i a l p l e x u s t h a n a l o n g v e r b a l d e s c r i p t i o n ; w h i l e t h e y 

w i l l a l s o e n a b l e u s , i n s t u d y i n g t h e p r a c t i c a l p o i n t s s u g g e s t e d 

b y t h e d i s t r i b u t i o n o f e a c h b r a n c h , t o u s e t h e e y e as w e l l as 

t h e i n t e l l i g e n c e i n f o l l o w i n g t h e s u b s e q u e n t l e c t u r e s . I t i s 

o f t e n i m p o s s i b l e f o r o n e , n o t p r e v i o u s l y f a m i l i a r w i t h t h e 

d e t a i l o f t h e n e r v e d i s t r i b u t i o n o f a n y p a r t , t o a p p r e c i a t e a l l 

t h e d e d u c t i o n s w h i c h m a y b e d r a w n b y a n a u t h o r , w i t h o u t 

m u c h l a b o r i n r e v i e w i n g t h e p r e c e d i n g t e x t o f t h e w o r k w h i c h 

h e m a y b e e n d e a v o r i n g t o m a s t e r ; a n d I b e l i e v e t h a t , i n f o l -

1 Modified from a table in " The Essentials of Anatomy " (Darling and Ranney). 
New York : G. P. Putnam's Sons, 18SO. 
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l o w i n g t he se l e c t u r e s , t he se t a b l e s w i l l g r e a t l y a ss i s t i n s u c h 

r e v i e w , as w e l l as i n a f f o r d i n g y o u a c h a r t w h i c h c a n b e u s e d 

as a g u i d e t o t h e p r e l i m i n a r y s t u d y r e q u i r e d i n y o u r f u t u r e 

a t t e m p t s t o m a s t e r o t h e r t r e a t i s e s . 

BRANCHES OF THE POSTERIOR CORD OF THE BRACHIAL PLEXUS.1 

r 

(1) SUBSCAPULAR 
NERVES. 

(2) CIRCUMFLEX. 

Branches of 
the POSTE
RIOR CORD -< 
of the bra
chial plex
us. 

(3) MUSCULO-
SriRAL. 

The upper, j R u b s c a p u l a r m u s c ] e . 
or 1st. ( r 

The long, j L a t i s g i m u s d o r s i . 
or 2d. I 

The lower, { m 

or 3d. \ Teres major. 

Muscular 
branches. 

Cutaneous 
branches. 

RADIAL 
NERVE. 

Superior \ Deltoid. 
branch. \ Integument over the back of the shoulder. 

f Teres minor, 
Inferior i Deltoid (posterior portion), 
branch, j Integument over the outer part of the 

(_ shoulder. 
Triceps, 
Anconeus, 
Brachialis anticus, 
Supinator longus, 
Extensor carpi radialis longior. 
Integument of the inner and posterior 

portions, and the outer and anterior 
portions of arm, 

Integument of the outer aspect of the 
forearm. 

f Integument of outer side of 
External J thumb. 
branch. 1 Integument of ball of the 

(_ thumb. 
Internal ( Integument of 2>\ fingers on 
branch. < radial side of dorsum of 

( hand. 
All muscles on back ( Anconeus, 

of forearm except -j Supinator longus, 
three ( Ext. carp.rad.long. 

(_ Filaments to the wrist joint. 

POSTERIOR 
INTEROSSE
OUS NERVE. 

T h e r e a re s t i l l s o m e p o i n t s p e r t a i n i n g t o t h e i n d i v i d u a l 

b r a n c h e s o f t h e b r a c h i a l p l e x u s w h i c h c a n n o t b e s h o w n i n a 

t a b u l a r a r r a n g e m e n t , b u t w h i c h a re , n e v e r t h e l e s s , i m p o r t a n t , 

as t h e y w i l l e n a b l e y o u t o b e t t e r u n d e r s t a n d t h e s u r g i c a l a n d 

m e d i c a l a spec t s w h i c h a re c o n s t a n t l y b r o u g h t t o t h e a t t e n t i o n 

o f t h e a c t i v e p r a c t i t i o n e r . I n o r d e r t o a v o i d , as f a r as p o s s i 

b l e , a n y i m p o r t a n t o m i s s i o n s , a n d t o a f f o r d y o u a m o r e p r a c 

t i c a l i n s i g h t i n t o t h e uses t o w h i c h a k n o w l e d g e o f t h e n e r v e s 

c a n b e a p p l i e d , I w i l l a s k y o u t o f o l l o w m e i n a r e v i e w o f t h e 

1 Taken, by permission of the publishers, from " The Essentials of Anatomy " (Dar
ling and Ranney). New York: G. P. Putnam's Sons, 1S80. 
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n e r v e s o f t h e u p p e r e x t r e m i t y , u s i n g t h e t a b u l a t e d c h a r t s 

as a m e a n s o f r e f e r e n c e , s h o u l d y o u b e c o m e c o n f u s e d as t o 

t h e s o u r c e o f o r i g i n o f t h e n e r v e u n d e r d i s c u s s i o n , o r f a i l t o 

g r a s p i t s s u b d i v i s i o n s a n d t h e i r d i s t r i b u t i o n . 

THE AXTERIOE THORACIC XERVES. 

T h e s e t w o n e r v e s a r e t e r m e d t h e e x t e r n a l a n d t h e i n t e r n a l , 

s i n c e o n e a r i s e s f r o m t h e o u t e r c o r d , a n d t h e o t h e r f r o m t h e 

i n n e r c o r d o f t h e b r a c h i a l p l e x u s . T h e e x t e r n a l i s s o m e t i m e s 

a l s o c a l l e d t h e s u p e r f i c i a l , s i n c e i t c rosses i n f r o n t o f t h e a x 

i l l a r y a r t e r y a n d v e i n t o r e a c h t h e u n d e r s u r f a c e o f t h e g r e a t 

p e c t o r a l m u s c l e ; 2 w h i l e t h e i n t e r n a l i s a l s o c a l l e d t h e d e e p , 

s i n c e i t passes b e t w e e n t h e s a m e a r t e r y a n d i t s a c c o m p a n y i n g 

v e i n , t o b e d i s t r i b u t e d t o t h e u n d e r s u r f a c e o f b o t h t h e g r e a t 

a n d s m a l l p e c t o r a l m u s c l e s . T h e t w o n e r v e s a r e c o n n e c t e d 

w i t h e a c h o t h e r b y a l o o p s i t u a t e d o n t h e i n n e r s i d e o f t h e 

a x i l l a r y a r t e r y . I t i s p r o b a b l e ( f o l l o w i n g t h e a x i o m o f H i l t o n 

as t o t h e c u t a n e o u s d i s t r i b u t i o n o f n e r v e s ) t h a t t h e s k i n o v e r 

t h e p e c t o r a l r e g i o n r e c e i v e s f i l a m e n t s f r o m t h e s e n e r v e s as 

w e l l as f r o m t h e i n t e r c o s t a l n e r v e s . A s t h e p e c t o r a l m u s c l e s 

a r e a g e n t s i n e f f e c t i n g i n s p i r a t i o n , w h e n a n y i m p e d i m e n t e x 

i s t s t o b r e a t h i n g , as i n a s t h m a , e t c . , t h e s e n e r v e s m i g h t b e 

c l a s s e d as r e s p i r a t o r y i n f u n c t i o n , a l t h o u g h t h a t i s n o t t h e i r 

m o s t f r e q u e n t u se . 

THE EXTERNAL CUTANEOUS OR MUSCULO-CUTANEOUS NERVE. 

T h i s n e r v e a n d i t s b r a n c h e s w i l l b e f o u n d g i v e n i n t h e 

t a b l e o f t h e s u b d i v i s i o n s o f t h e o u t e r c o r d 3 o f t h e b r a c h i a l 

p l e x u s . I t passes t h r o u g h t h e b e l l y o f t h e c o r a c o - b r a c h i a l i s 

m u s c l e ( h e n c e t h e n a m e " m u s c u l o - c u t a n e o u s " ) , t h e n b e t w e e n 

t h e b i c e p s a n d t h e b r a c h i a l i s a n t i c u s m u s c l e s , t o a p o i n t 

s l i g h t l y a b o v e t h e e x t e r n a l c o n d y l e o f t h e h u m e r u s , w h e r e i t 

perforates the deep fascia a n d d i v i d e s i n t o i t s c u t a n e o u s 

1 See pages 3S2, 383, and 384 of this volume. 
2 The anterior fibers of the deltoid muscle are said to be supplied chiefly by the tho

racic nerves, as revealed by clinical facts. 
3 See page 3S2 of this volume. 
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branches beneath the median cephalic vein. Now, a reference 

t o t h e t a b l e o f i t s d i s t r i b u t i o n w i l l s h o w y o u t h a t t h r e e m u s 

cles, w h i c h m o v e t h e a r m , a re s u p p l i e d w i t h m o t o r p o w e r b y 

m e a n s o f t h i s n e r v e ; h e n c e w e s h o u l d e x p e c t t o f i n d t h a t f i l a 

m e n t s w o u l d b e s e n t t o b o t h t h e s h o u l d e r a n d e l b o w j o i n t s , 

w h i c h these m u s c l e s m o v e , a n d I a m i n c l i n e d t o t h i n k t h a t 

FIG. 139.—Brachial portion of the muscnlo-cvtancous, median, and ulnar nerves. (Sappey.) 
1, musculo-cutaneous nerve ; 2, branch to the coraco-brachialis muscle ; 3, branch to the 

biceps muscle ; 4, branch to the braehialis anticus ; 5, anastomotic filament which it 
receives from the median nerve; 6, division of this nerve where it crosses the apo
neurosis of the arm ; 7, musculo-spiral nerve passing between the braehialis anticus 
and supinator longus muscles ; 8, external cutaneous branch of the musculo-spiral 
nerve ; 9, trunk of the internal cutaneous dividing just below its origin, thus giving 
off an accessory branch ; 10, anterior or ulnar branch of this nerve ; 11, brachial por
tion of the median and ulnar nerves. 

s m a l l f i l a m e n t s t o t h e f o r m e r j o i n t d o a c t u a l l y e x i s t , a l t h o u g h 

t h e y a r e n o t m e n t i o n e d i n t h e u s u a l t e x t - b o o k s u p o n a n a t o m y . 
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We would also expect that any injury1 to the trunk of this 

n e r v e w o u l d b e f o l l o w e d b y p a r a l y s i s o r a t r o p h y o f t h e s e 

t h r e e m u s c l e s , as w e l l as b y a c o n d i t i o n o f h y p e r e s t h e s i a o r 

a n a e s t h e s i a i n t h e p o r t i o n s o f i n t e g u m e n t s u p p l i e d b y i t s t e r 

m i n a l f i l a m e n t s ( t h e r a d i a l s i d e o f t h e f o r e a r m a n d t h e b a l l o f 

t h e t h u m b ) ; p r o v i d e d t h a t t h e n e r v e b e i r r i t a t e d o r o n l y 

p a r t l y d e s t r o y e d , as s h o w n i n t h e f i r s t case, o r e n t i r e l y d e 

s t r o y e d , i n w h i c h case t h e l a t t e r c o n d i t i o n s h o u l d e n s u e . 

I t i s a w e l l - r e c o g n i z e d s u r g i c a l f a c t t h a t a n i n f l a m e d c o n d i 

t i o n o f t h e e l b o w j o i n t t e n d s t o c r e a t e f l e x i o n o f t h e f o r e a r m , 

b y a c o n t r a c t e d s t a t e o f t h e b r a e h i a l i s a n t i c u s a n d b i c e p s 

m u s c l e s ; a n d t h e d i s t r i b u t i o n o f t h e m u s c u l o - c u t a n e o u s n e r v e 2 

t o t h e j o i n t , as w e l l as t o t h e s e t w o m u s c l e s , e n a b l e s u s n o w 

t o u n d e r s t a n d w h y t h e i r r i t a t i o n o f t h e a r t i c u l a r b r a n c h e s o f 

t h i s n e r v e s h o u l d m a n i f e s t i t s e l f i n a c o n t r a c t e d s t a t e o f t h e 

m u s c l e s s u p p l i e d b y i t . 

T h e r e l a t i o n o f t h i s n e r v e t o t h e m e d i a n - c e p h a l i c v e i n w i l l 

a l s o e x p l a i n w h y venesection a t t h e e l b o w i s l i a b l e t o b e f o l 

l o w e d b y t h e s o - c a l l e d " b e n t a r m . " T h i s f a c t , w h i c h h a s 

b e e n e x p l a i n e d b y s o m e a u t h o r s as t h e r e s u l t o f a n i n j u r y 

d o n e t o t h e f a s c i a , i s m u c h m o r e i n t e l l i g e n t l y , t o m y m i n d , a t ; 

t r i b u t e d b y H i l t o n t o a n i n j u r y d o n e t o t h e f i l a m e n t s o f t h e 

m u s c u l o - c u t a n e o u s n e r v e , r e s u l t i n g i n a s y m p a t h e t i c c o n t r a c 

t i o n o f t h e f l e x o r s o f t h e e l b o w . 

A n e x o s t o s i s g r o w i n g f r o m t h e h u m e r u s , o r t h e e x i s t e n c e 

o f a t u m o r i n t h e r e g i o n o f t h e c o u r s e o f t h i s n e r v e , m i g h t 

cause a s i m i l a r r i g i d i t y o f t h e e l b o w j o i n t , a c c o m p a n i e d , 

m o r e o v e r , b y a p a i n w h i c h w o u l d f o l l o w t h e c o u r s e o f t h e 

n e r v e t o i t s t e r m i n a l f i l a m e n t s . I t h a s b e e n s u g g e s t e d , b y 

t h e a u t h o r a b o v e q u o t e d , 3 t o a p p l y a n a e s t h e t i c s o v e r t h e 

c o u r s e o f t h i s n e r v e i n o r d e r t o i n s u r e r e l a x a t i o n o f t h e 

1 Hilton reports a case where an officer in the navy presented a very marked instance 
of injury done to this nerve alone. I t caused paralysis and atrophy of the three muscles 
supplied by the musculo-cutaneous nerve ; but a perfect recovery took place in about two 
years, in spite of the atrophy which at first existed. 

2 The ulnar nerve also furnishes filaments to the elbow joint and supplies the flexor 
muscles of the forearm. This may also tend to explain the surgical fact that flexion 
follows inflammation of the elbow. 

3 Hilton, op. cit. 
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m u s c l e s s u p p l i e d b y i t w h e n t h e e l b o w i s t h u s flexed. M a n y 

cases m a y be c i t e d f r o m d i f f e r e n t s u r g i c a l a n d m e d i c a l a u 

t h o r s , t o i l l u s t r a t e t h e d i a g n o s t i c v a l u e o f t h i s a n d o t h e r 

ne rves , i n d e t e r m i n i n g a c c u r a t e l y t h e seat a n d c h a r a c t e r o f 

d isease w h i c h i s p r o d u c i n g d i s t r e s s t o t h e p a t i e n t ; b u t , as 

t h i s a i d t o d i a g n o s i s h a s a l r e a d y b e e n d i s c u s s e d a t some 

l e n g t h i n p r e v i o u s l e c t u r e s , I w i l l s i m p l y m e n t i o n i t as a n 

i n c e n t i v e t o a n a t o m i c a l s t u d y . 

T h e c u t a n e o u s d i s t r i b u t i o n o f t h i s n e r v e w i l l b e m a d e c l ea r 

b y r e f e r r i n g t o t h e d i a g r a m w h i c h I n o w s h o w y o u . 1 T h e 

c l i n i c a l v a l u e o f t h e c u t a n e o u s n e r v e s h a s a l r e a d y b e e n re 

f e r r e d t o i n p r e v i o u s l e c t u r e s . 2 I t w i l l t h e r e f o r e s u f f i c e t o 

a g a i n m e n t i o n , i n t h i s c o n n e c t i o n , t h a t h y p e r e s t h e s i a , l o c a l 

p a i n , l o c a l p o i n t s o f t e n d e r n e s s , a n d anaes thes ia h a v e o f t e n a 

m o s t d i r e c t a n d p o s i t i v e b e a r i n g u p o n d i a g n o s i s ; a n d t h e 

axioms g i v e n i n t h e f i r s t l e c t u r e u p o n t h e s p i n a l n e r v e s w i l l 

p r o v e m o s t v a l u a b l e as g u i d e s t o t h e p r o p e r a p p r e c i a t i o n o f 

t h e i r s i g n i f i c a n c e . 

I t m a y s t r i k e some o f y o u w h o h a v e t h o u g h t d e e p l y c o n 

c e r n i n g t h e p e c u l i a r i t i e s o f n e r v e d i s t r i b u t i o n , t h a t t h i s n e r v e 

o u g h t t o s t o p a t t h e e l b o w , s ince i t h a s s u p p l i e d a l l o f i t s 

m u s c l e s b e f o r e i t r eaches t h a t p o i n t , a n d has , t h e r e f o r e , a p p a r 

e n t l y p e r f o r m e d i t s f u n c t i o n ; a n d t h i s f e e l i n g w i l l p o s s i b l y 

be s t r e n g t h e n e d b y t h e a x i o m g i v e n y o u i n a p r e v i o u s lec

t u r e , 3 v i z . , t h a t a n e r v e i s a l w a y s a s s o c i a t e d w i t h t h a t p o r t i o n 

o f t h e i n t e g u m e n t w h i c h c o v e r s the points of insertion o f t h e 

m u s c l e s t o w h i c h i t f u r n i s h e s m o t o r p o w e r . I f y o u w i l l e x 

a m i n e c l o s e l y , h o w e v e r , i n t o t h e i n s e r t i o n o f t h e b i c e p s m u s 

cle, y o u w i l l o b s e r v e t h a t i t i s i n t i m a t e l y c o n n e c t e d w i t h t h e 

fascia o f t h e f o r e a r m — s o i n t i m a t e l y t h a t t h i s f a s c i a i s , i n re 

a l i t y , a n i n h e r e n t p a r t o f t h e i n s e r t i o n o f t h a t m u s c l e . T h i s , 

t h e n , c o n f i r m s n o t o n l y t h e t r u t h o f t h e g e n e r a l a x i o m g i v e n 

b y H i l t o n , 4 b u t a l s o e x p l a i n s t o t h e i n q u i r i n g m i n d w d i y t h i s 

n e r v e s h o u l d be c o n t i n u e d d o w n w a r d t o t h e w r i s t , s i nce i t h a s 

t o d o so i n o r d e r t o c o v e r t h e s k i n o v e r o n e o f t h e m o s t i m p o r -

1 See page 396 of this volume. 2 See pages 359 and 360 of this volume. 
3 Sec page 359 of this volume. 4 Op. cit. 
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t a n t p o i n t s o f i n s e r t i o n o f a m u s c l e w h i c h i t c o n t r o l s . O t h e r 

f a c t s i n t h e a n a t o m y o f t h e f o r e a r m s e e m t o s t i l l m o r e b e a u t i -

FIG. 140.— Cutaneous nerves of tTie anterior surface of the forectrm and hand. (Hirsch 
feld.) 

9, epi-trochlear braneh from the musculo-spiral nerve anastomosing by a division with 
the anterior braneh of the same nerve ; 10, 10, anterior branch of the internal cuta
neous of the arm dividing into several branches, some of which pass in front of 
and others behind the median basilic vein; 11, 11, musculo-cutaneous nerve crossing 
the aponeurosis of the arm outside of the tendon of the biceps muscle; 12, 12, di
visions of the external cutaneous braneh of the radial distributing themselves to the 
skin of the posterior portion of the forearm; 13, 13, 13, divisions which the anterior 
branch of the internal cutaneous furnishes to the forearm; 14, anastomosis of one 
of these divisions with a perforating branch of the ulnar nerve; 15, 15, 15, termi
nal divisions of the musculo-cutaneous nerve; 16, anastomosis of one of these 
divisions with 17, the terminal anterior branch of the radial nerve; 18, palmar 
cutaneous branch of the median; 19, internal branch of distribution to the thumb; 
20, external branch of distribution to the same; 21, external branch of distri
bution to the index finger; 22, trunk of the branches of distribution to the in
ternal side of the index and external aspect of middle fingers; 23, common trunk 
of distribution to the internal side of the middle and external side of the ring 
fingers; 24, trunk of distribution to the internal side of the ring and external side 
of the little finger; 25, braneh of distribution to the internal side of the little 
finger. 
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f u l l y c o n f i r m t h i s same g e n e r a l l a w . W e see t h e m u s c u l o -

s p i r a l n e r v e s e n d i n g a filament t o n e a r l y t h e s ame r e g i o n as 

t h e m u s c u l o - c u t a n e o u s , because i t s u p p l i e s t h e s u p i n a t o r l o n 

g u s , w h i c h i s s i t u a t e d u p o n t h e o u t e r s i de o f t h e f o r e a r m ; 

w h i l e , a g a i n , t h e i n t e r n a l c u t a n e o u s n e r v e ( w h i c h p r o p e r l y 

m a y b e c o n s i d e r e d as a b r a n c h o f t h e m e d i a n , s ince i t a r i ses 

b y a c o m m o n h e a d ) s u p p l i e s t h e s k i n o f t h e i n n e r s i d e o f t h e 

a n t e r i o r s u r f a c e o f t h e f o r e a r m , f o r t h e e v i d e n t r e a s o n t h a t 

t h e m u s c l e s s u p p l i e d b y t h e m e d i a n a r e e x t e n s i v e l y a t t a c h e d 

t o t h i s s ame f a s c i a . 

CLIXICAL POINTS PERTAINING TO THE MUSCULO—CUTANEOUS 
NERVE. 

s 
A p a r a l y s i s l i m i t e d t o t h i s n e r v e i s a n u n u s u a l o c c u r r e n c e . 

I t m a y b e p r o d u c e d , h o w e v e r , b y a n y f o r m o f i n j u r y o r o f 

l o c a l p r e s s u r e w h i c h a l o n e i n v o l v e s t h i s n e r v e t r u n k , a n d i t 

m u s t be s i t u a t e d i n t h e r e g i o n o f t h e c o r a c o - b r a c h i a l i s m u s c l e 

t o c r ea t e i m p a i r m e n t o f a l l o f i t s filaments o f d i s t r i b u t i o n . 

C o m p l e t e p a r a l y s i s o f t h i s n e r v e causes t o t a l p a r a l y s i s o f t h e 

b i c e p s a n d c o r a c o - b r a c h i a l i s m u s c l e s , b u t o n l y a p a r t i a l loss 

o f p o w e r i n t h e b r a e h i a l i s a n t i c u s , s ince t h a t m u s c l e i s a l so 

f u r n i s h e d w i t h a filament d e r i v e d f r o m t h e m u s c u l o - s p i r a l 

n e r v e . T h e s k i n o f t h e o u t e r b o r d e r o f t h e f o r e a r m i s a l so 

r e n d e r e d a n e s t h e t i c w h e n t h i s n e r v e i s i n j u r e d . A s a r e s u l t 
• 

o f p a r a l y s i s o f t h e m u s c l e s n a m e d , t h e p o w e r t o flex the fore
arm u p o n t h e a r m i s g r e a t l y i m p a i r e d , a n d w o u l d b e t o t a l l y 

l o s t i f t h e s u p i n a t o r l o n g u s a n d a p a r t o f t h e b r a e h i a l i s a n t i 

cus m u s c l e s w e r e n o t c a p a b l e o f a s s i s t i n g t h a t m o v e m e n t . 

These l a t t e r m u s c l e s , b e i n g s u p p l i e d b y t h e m u s c u l o - s p i r a l 

n e r v e , s t i l l r e t a i n t h e i r p o w e r o f c o n t r a c t i o n ; h e n c e t h e d i f f i 

c u l t y i n p e r f o r m i n g flexion o f t h e f o r e a r m i s g r e a t e r w h e n 

t h e h a n d i s s t i p u l a t e d , as t h e s u p i n a t o r l o n g u s n o l o n g e r ac t s 

t o a n y g r e a t e x t e n t as a f l e x o r . T h e seat o f t h e anaes thes ia 

i s a v a l u a b l e g u i d e t o t h e n e r v e a f f e c t e d , as t h e m u s c u l o - c u t a -

1 The supinator muscle is an important aid in flexion of the forearm, when the hand 
is pronatcd; but it is of little value as a flexor after the function of supination has been 
performed by it. 
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n e o u s n e r v e m a y p o s s i b l y b e i n v o l v e d , w i t h o u t a n y i m p a i r 

m e n t o f t h e o t h e r b r a n c h e s o f t h e o u t e r c o r d o f t h e b r a c h i a l 

p l e x u s . 

Fn . 141.— Cutaneous nerves of the shoulder and posterior surface of the arm. (Sappey.) 
1, 1, terminal ramifications of the supra-acromial branch of the cervical plexus; 2, cuta

neous branch of the axillary nerve ; 3, another cutaneous branch of the same nerve 
traversing the posterior border of the deltoid ; 4, terminal divisions of the perforat
ing branch of the second intercostal nerve; 5, perforating branch of the third in
tercostal nerve ; 6, internal cutaneous braneh of the musculo-spiral nerve; 7, epi-
trochlear branch of the internal cutaneous nerve; 8, posterior division of the ulnar 
branch of the internal cutaneous; 9, external cutaneous division of the radial 
nerve; 10, 10, internal cutaneous filament of the radial nerve. 

THE MEDIAN NERVE. 

While this nerve arises by two heads, derived, respectively, 

from the outer and inner cords of the brachial plexus, it has 

been classed as a branch of the former.1 This nerve bears a 
1 The reader is referred to the table on page 378 of this volume. 
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FIG. 142.—Cutaneous nerves of the posterior surface of the forearm and hand. (Sappey.) 
7, cpi-trochlear branch of the internal cutaneous nerve; 8, posterior division of the ulnar 

braneh of the internal cutaneous; 9, external cutaneous division of the radial nerve; 
10, 10, internal cutaneous filament of the radial nerve; 11, posterior division of the 
anterior terminal or cutaneous branch of the radial nerve ; 12, first twig rising from 
this branch (it forms the external dorsal nerve of distribution to the thumbs); 18, sec
ond twig of the same division (it subdivides at the superior part of the first intercostal 
space—one of these divisions forms the internal dorsal cutaneous nerve of the thumb, 
the other ramifies in the skin of the dorsal face of the first phalanx of the index 
finger); 14, third branch, which descends into the second interosseous space, where 
it bifurcates (one of these divisions is lost in the internal half of the integument on 
the dorsal surface of the first phalanx of the index finger, and the other in the exter
nal half of the skin which covers the dorsal surface of the middle finger); 15, dorsal 
branch of the ulnar nerve; 16, external division of this branch anastomosing with 
one or two filaments of the anterior terminal braneh of the radial passing directly 
into the third interosseous space, where it divides (one of these divisions ramifies in the 
internal half of the skin which invests the first phalanx of the middle finger, the other 
supplies the first phalanx of the ring finger); 17, second ramification of the same 
branch, which also bifurcates under the fourth interosseous space (one of these 
divisions ramifies in the skin on the dorsal surface of the first phalanx of the ring 
finger, the other forms the external dorsal nerve of distribution to the little finger); 
18, internal dorsal nerve of distribution to the little finger. 
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surgical relation to the brachial artery, since it lies, at first, 

u p o n t h e o u t e r s i d e o f t h a t v e s s e l , t h e n c rosses i t , a n d , finally 

r e a c h e s i t s i n n e r s i d e a t t h e b e n d o f t h e e l b o w . I t e n t e r s t h e 

f o r e a r m b e t w e e n t h e t w o h e a d s o f t h e p r o n a t o r r a d i i t e r e s 

m u s c l e , passes d o w n t h e m i d d l e l i n e o f t h e a n t e r i o r s u r f a c e o f 

t h e f o r e a r m t i l l i t r e a c h e s t h e a n n u l a r l i g a m e n t o f t h e w r i s t , 

t h e n passes u n d e r n e a t h t h e a r c h f o r m e d b y t h a t l i g a m e n t , 

w h e n i t b e c o m e s f l a t t e n e d a n d e x p a n d e d i n f r o n t o f t h e flexor 

t e n d o n s i n t h e p a l m o f t h e h a n d , a n d finally t e r m i n a t e s i n 

b r a n c h e s t o t h e m u s c l e s a n d i n t e g u m e n t o f t h e h a n d a n d 

fingers. T h e t a b l e , w h i c h h a s b e e n r e f e r r e d t o i n p r e v i o u s 

l e c t u r e s , 1 w i l l s h o w , m o r e p l a i n l y t h a n a t e d i o u s v e r b a l d e 

s c r i p t i o n , t h e p a r t s s u p p l i e d b y t h i s n e r v e i n t h e d i f f e r e n t p o r 

t i o n s o f i t s c o u r s e . T h i s n e r v e , i n c o n n e c t i o n w i t h i t s f e l l o w , 

t h e u l n a r n e r v e , f u r n i s h e s m o t o r p o w e r t o a l l t h e flexor a n d 

p r o n a t o r m u s c l e s o f t h e f o r e a r m , a n d a l l t h e m u s c l e s o f t h e 

p a l m o f t h e h a n d ; t h e m e d i a n s u p p l y i n g a l l t h e m u s c l e s o n 

t h e a n t e r i o r s u r f a c e o f t h e f o r e a r m b u t o n e a n d a h a l f ( t h e 

flexor c a r p i u l n a r i s , a n d o n e h a l f o f t h e flexor p r o f u n d u s d i g i 

t o r u m ) , a n d f o u r a n d a h a l f m u s c l e s o n t h e r a d i a l s i d e o f t h e 

p a l m (as s h o w n b y t h e t a b l e ) . N o w , as t h e u l n a r n e r v e s u p 

p l i e s a l l t h e r e s t o f t h e m u s c l e s o f t h e a n t e r i o r s u r f a c e o f t h e 

f o r e a r m a n d h a n d , t h e s e t w o n e r v e s m a y b e c o n s i d e r e d as t h e 

flexor a n d pronator nerves o f t h o s e r e g i o n s . 2 

T h e cutaneous distribution o f t h e m e d i a n n e r v e i s o f i n 

t e r e s t , s i n c e i t c o n f i r m s t h e a x i o m 3 o f n e r v e d i s t r i b u t i o n t o t h e 

i n t e g u m e n t o v e r t h e m u s c l e s . W e find t h a t t h e m e d i a n s e n d s 

n o c u t a n e o u s filaments t o t h e d o r s a l s u r f a c e o f t h e t h u m b , b u t 

t h a t i t d o e s s u p p l y i t s p a l m a r s u r f a c e ; t h e d o r s a l s u r f a c e i s 

c o v e r e d w i t h t h e e x t e n s o r t e n d o n s , w h i c h o w e t h e i r m o t o r 

p o w e r t o t h e r a d i a l n e r v e , a n d t h e s k i n i s t h e r e f o r e s u p r j l i e d 

f r o m t h e s a m e s o u r c e . T h e s i de s o f t h e outer two and a half 

fingers ( t h o s e a d j o i n i n g t h e t h u m b ) a r e l i k e w i s e s u p p l i e d 

1 See page 382 of this volume. 
2 In speaking of the combined action of the median and ulnar nerves, Hilton says: 

" These nerves, together, supply all the flexors of the wrist joint, fingers and thumb, all 
the pronators of the radio-ulnar joints, and all the joints that these muscles move." 

3 See page 357 of this volume. 
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FIG. 143.—Brachial portion of the musculo- FIG. 144. — Terminal portion of the median 
cutaneous, median, and ulnar nerves. and ulnar nerves. (Sappey.) 
(Sappey.) 

1, musculo-cutaneous nerve; 2, branch to the coraco-brachialis muscle; 3, branch to the 
biceps muscle ; 4, branch to the braehialis anticus ; 5, anastomotic filament which it 
receives from the median nerve; 6, division of this nerve where it crosses the apo
neurosis of the arm; 7, musculo-spiral nerve passing between the braehialis anticus 
and supinator longus muscles; 8, external cutaneous braneh of the musculo-spiral 
nerve ; 9, trunk of the internal cutaneous dividing just below its origin, thus giving 
off an accessory branch; 10, anterior or ulnar braneh of this nerve ; 11, brachial 
portion of the median and ulnar nerves; 12, antebrachial portion, palmar and digital 
branches of the same nerve; 13, branch to the pronator radii teres; 14, trunk of 
these anterior muscular branches dividing and passing to the muscles to which they 
are distributed; 15, branch to the flexor profundus digitorum; 16, branch to the 
flexor longus pollieis ; 17, anterior interosseous branch ; 18, palmar cutaneous branch 
dividing just below its origin; 19, muscular branch of the thenar eminence; 20, ex
ternal branch of distribution to the thumb ; 21, internal branch of distribution to the 
same; 22, external branch of distribution of the index finger; 23, common trunk of 
the internal branches of distribution to the index finger and external to the middle 
finger; 24, internal trunk of distribution to the middle and external branch to the 
ring finger; 25, branch which the ulnar nerve furnishes to the flexor carpi ulnaris; 
26, branches which the same nerve furnishes to the two internal fasciculi of the 
flexor profundus digitorum; 27, cutaneous and anastomotic filament of the ulnar 
nerve; 28, dorsal branch of this nerve ; 29, its superficial palmar branch ; 30, com
mon trunk of the internal branch of distribution to the ring and external branch to 
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the little finger; 31; internal branch of distribution to the little finger; 32, deep 
palmar branch ; 33, small branch to the hypc-thenar eminence ; 34, branches to the 
muscles of the fourth interosseous space and the fourth hunbricalis muscle; 35, 
branches to the muscles of the third interosseous space and the third lumbricalis 
muscle; 36, branches to the adducto.' pollieis and muscles of the first and second 
interosseous spaces. 

with integumentary branches from the median, the balance 

b e i n g s u p p l i e d b y s i m i l a r b r a n c h e s o f t h e u l n a r n e r v e . 

T h e t w o o u t e r l u m b r i c a l e s m u s c l e s a r e e n u m e r a t e d i n t h e 

p r e c e d i n g t a b l e s , as s u p p l i e d b y t h e m e d i a n , a n d t h e r e m a i n 

i n g l u m b r i c a l e s a n d i n t e r o s s e i m u s c l e s b y t h e u l n a r n e r v e . 

N o w , t h e m e t h o d o f i n s e r t i o n o f t h e t e n d o n s o f t h e s e m u s c l e s 

( i n t o t h e e x t e n s o r t e n d o n o f t h e c o r r e s p o n d i n g finger, o n i t s 

d o r s a l s u r f a c e ) causes t h e s e m u s c l e s t o flex the proximal 

phalanx, a n d extend the two remaining phalanges1 o f e a c h 

finger. W e find, t h e r e f o r e , t h a t t h e n e r v e b r a n c h e s , w h i c h 

s u p p l y t h e s e m u s c l e s , s e n d c u t a n e o u s filaments t o t h e dor

sal surface o f t h e t w o t e r m i n a l p h a l a n g e s o f t h e finger u p o n 

w h i c h t h e i n d i v i d u a l m u s c l e s a c t , t h u s a p p a r e n t l y c o n f i r m i n g 

t h e e x t e n s o r a c t i o n o f t h e m u s c l e s , s i n c e t h e d i s t r i b u t i o n o f 

n e r v e s , d e r i v e d a p p a r e n t l y f r o m a flexor s o u r c e , c o m p r i s e s a 

r e g i o n c o v e r e d b y t h e e x t e n s o r t e n d o n s o f t h e f i n g e r s . 

CLINICAL POINTS PERTAINING TO THE MEDIAN NERVE. 

T h e m e d i a n n e r v e i s r a r e l y a f f e c t e d w i t h p a r a l y s i s , t o t h e 

e x c l u s i o n o f o t h e r n e r v e s . I f s u c h a c o n d i t i o n e x i s t s , i t m a y 

p r o b a b l y b e t r a c e d t o s o m e l o c a l i n j u r y , s u c h as c u t s , f r a c 

t u r e s o f t h e h u m e r u s , t h e u s e o f b a d l y c o n s t r u c t e d c r u t c h e s , 

c o n t u s i o n s o v e r t h e c o u r s e o f t h e n e r v e , g u n s h o t w o u n d s , u n 

s k i l l f u l v e n e s e c t i o n , l o c a l p r e s s u r e f r o m t u m o r s , abscess , e t c . 

I t m a y p o s s i b l y b e d u e t o r h e u m a t i s m , n e u r i t i s , 2 n e u r o m a t a , 

a n d c e n t r a l causes . T h e m u s c l e s o f t h e b a l l o f t h e t h u m b , 

w h i c h a r e s u p p l i e d b y t h i s n e r v e , a r e f r e q u e n t l y t h e seat 

1 Hunter, Clcland, Duchenne, Erb, and others consider the interossei muscles alone as 
extensors of the two terminal rows of phalanges. Clinical facts observed in lead paraly
sis and in division of the ulnar nerve seem to point to these muscles rather than fo the 
lumbricales, although Hilton groups the lumbricales and interossei muscles as possessing 
a common function. 

'l This condition may follow any acute disease. I t is one of the sequelae of typhoid 
fever. 
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of a progressive muscular atrophy and its consequent paral

y s i s . 
F r o m w h a t has a l r e a d y b e e n s a i d r e s p e c t i n g t h e d i s t r i b u -

TIG. 145.—A diagram of the regions of ctancous nerve distribution in the anterior sur
face of the upper extremity and trunk. (Modified from Flower.) 

1, region supplied by the supra-clavicular nerve (branch of the cervical plexus); 2, re
gion supplied by the circumflex nerve ; 3, region supplied by the intcrcosto-humeral 
nerve; 4, region supplied by the intercostal nerve (lateral branch); 5, region sup
plied by the lesser internal cutaneous nerve (nerve of Wrisberg); 6, region supplied 
by the musculo-spiral nerve (external cutaneous braneh); 7, region supplied by the 
internal cutaneous nerve; 8, region supplied by the musculo-cutaneous nerve; 9, 
region supplied by the median nerve ; 10, region-supplied by the ulnar neive; 11, 
region supplied by the intercostal nerve (anterior branch). 

t i o n o f t h i s n e r v e , w e a re p r e p a r e d t o u n d e r s t a n d w h y t h e 

c o m m o n flexors o f t h e fingers a n d t h o s e o f t h e w r i s t s h o u l d 
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s h o w a l o s s o f p o w e r , i n case t h e m e d i a n b e i n j u r e d , a n d t h e 

m u s c l e s o f t h e t h u m b g i v e e v i d e n c e o f t h e d i s e a s e d c o n d i t i o n . 

Y o u w i l l find, i n s u c h cases, t h a t t h e s e c o n d p h a l a n g e s o f a l l 

t h e fingers a n d t h e t h i r d p h a l a n g e s o f t h e i n d e x a n d m i d d l e 1 

fingers c a n n o t b e flexed, a n d t h a t t h e t h u m b c a n n o t b e 

flexed o r b r o u g h t i n t o c o n t a c t w i t h t h e l i t t l e finger. O n t h e 

o t h e r h a n d , flexion o f t h e first p h a l a n x , w i t h e x t e n s i o n o f t h e 

o t h e r t w o , c a n b e p e r f o r m e d i n a l l t h e fingers b y t h e a i d o f 

t h e i n t e r o s s e i w h i c h a r e s u p p l i e d b y t h e u l n a r n e r v e . T h e 

p o s i t i o n o f t h e t h u m b i s p e c u l i a r ; i t i s e x t e n d e d a n d a d -

d u c t e d a n d t h u s c l o s e l y a p p l i e d t o t h e i n d e x finger, as i n t h e 

h a n d o f t h e a p e . T h e h a n d , w h e n flexion a t t h e w r i s t i s 

a t t e m p t e d , i s strongly adductecl b y t h e a c t i o n o f t h e flexor 

c a r p i u l n a r i s , as t h e a n t a g o n i s t i c m u s c l e o f t h e r a d i a l s i d e i s 

p a r a l y z e d . T h e a c t o f p r o n a t i o n o f t h e h a n d i s s e r i o u s l y i m 

p a i r e d . T h e i n n e r t h r e e fingers c a n b e b r o u g h t i n t o a p a r 

t i a l l y flexed c o n d i t i o n , s i n c e t h e flexor p r o f u n d u s d i g i t o r u m 

m u s c l e i s p a r t l y s u p p l i e d b y t h e u l n a r n e r v e . T h e s e c o m 

b i n e d e f f e c t s g i v e t o t h e h a n d a n d fingers, a n d e s p e c i a l l y t o 

t h e t h u m b , a p o s i t i o n so p e c u l i a r t h a t p a r a l y s i s o f t h e m e d i a n 

c o u l d h a r d l y b e m i s t a k e n b y a n a n a t o m i s t f o r a n y o t h e r d e 

f o r m i t y . W h e n t h e p a r a l y z e d m u s c l e s b e g i n t o s h o w t h e 

r e s u l t s o f a t r o p h y , t h e d e f o r m i t y i n t h e f o r e a r m a n d i n t h e 

b a l l o f t h e t h u m b w i l l f u r t h e r a s s i s t i n t h e d i a g n o s i s o f t h i s 

a f f e c t i o n . 

T h e a n a s t o m o s i s w h i c h e x i s t s b e t w e e n t h e c u t a n e o u s n e r v e s 

o f t h e f o r e a r m w i l l p o s s i b l y t e n d t o e x p l a i n t h e f a c t t h a t c o m 

p l e t e d e s t r u c t i o n o f t h e m e d i a n , u l n a r , o r r a d i a l n e r v e s m a y 

e x i s t w i t h o u t a n y m a r k e d l o s s o f s e n s i b i l i t y i n t h e r e g i o n s 

s u p p l i e d b y t h e a f f e c t e d n e r v e . S h o u l d a n y s u c h e v i d e n c e s 

o f d i s o r d e r e d s e n s i b i l i t y b e p r e s e n t , h o w e v e r , i t w i l l b e c o n 

fined t o t h e r e g i o n s u p p l i e d b y t h e n e r v e w h i c h i s t h e sea t o f 

d i sease , o r w h o s e c o n d u c t i n g p o w e r h a s b e e n i m p a i r e d f r o m 

a n y cause . I f t h e m e d i a n , u l n a r , o r r a d i a l n e r v e s b e i n j u r e d 

b e l o w t h e w r i s t , t h e a b s e n c e o f a n a s t o m o s i s t e n d s t o m a k e t h e 

1 The flexor sublimis digitorum being completely paralyzed, and the flexor profundus 
digitorum being partially deprived of its motor power. 
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s y m p t o m o f a n e s t h e s i a a c o n s t a n t a n d i m p o r t a n t g u i d e t o t h e 

n e r v e a f f e c t e d . 

I n severe p a r a l y s i s o f t h e m e d i a n n e r v e , t h e f i r s t t h r e e 

f i n g e r s 1 n o t i n f r e q u e n t l y s h o w t r o p h i c d i s t u r b a n c e s i n t h e 

s k i n a n d n a i l s , s u c h as g l o s s y f i n g e r s , u l c e r a t i o n , p e m p h i g u s 

ves ic les , a b n o r m a l g r o w t h o f h a i r , e tc . 

T h e r e l a t i o n o f t h e m e d i a n n e r v e t o t h e b r a c h i a l a r t e r y 

g i v e s t o i t a s u r g i c a l i m p o r t a n c e . ' I t w i l l b e o b s e r v e d t h a t 

t h e n e r v e l i e s , a t f i r s t , t o t h e o u t e r s i d e o f t h a t v e s s e l ; l a t e r 

o n , i t crosses i t , a n d f i n a l l y passes t o t h e i n n e r s i d e o f t h e 

a r t e r y i n t h e r e g i o n o f t h e e l b o w . 

THE INTERNAL CUTANEOUS AND LESSER INTERNAL CUTANEOUS 
NERVES. 

T h e s e t w o n e r v e s a r i se f r o m t h e i n n e r c o r d o f t h e b r a c h i a l 

p l e x u s , i n c o m m o n w i t h t h e i n n e r h e a d o f t h e m e d i a n a n d t h e 

u l n a r n e r v e s . 

T h e internal cutaneous nerve a c c o m p a n i e s t h e b r a c h i a l 

a r t e r y , l y i n g u p o n i t s i n n e r s i d e a n d i n f r o n t o f t h e lesser i n 

t e r n a l c u t a n e o u s n e r v e , t i l l t h e b a s i l i c v e i n p i e r c e s t h e d e e p 

f a s c i a , w h e n t h e n e r v e a c c o m p a n i e s t h e v e i n a n d s o o n d i v i d e s 

i n t o a n a n t e r i o r a n d p o s t e r i o r b r a n c h , w h o s e d i s t r i b u t i o n 

w i l l be f o u n d g i v e n i n p r e c e d i n g t a b l e s . I t a ss i s t s t h e co raco -

h u m e r a l n e r v e i n s u p p l y i n g t h e i n t e g u m e n t o v e r t h e b i c e p s 

m u s c l e , a n d sends f i l a m e n t s t o t h e s k i n o f t h e f o r e a r m as l o w 

d o w n as t h e w r i s t . 3 

T h e lesser internal cutaneous n e r v e , c a l l e d a l s o t h e n e r v e o f 

W r i s b e r g , 3 ha s t h e s ame g e n e r a l o r i g i n as t h e p r e c e d i n g n e r v e , 

e x c e p t t h a t i t a r i ses s l i g h t l y b e l o w i t . L i k e t h e f o r m e r n e r v e , 

i t a c c o m p a n i e s t h e b l i a e h i a l a r t e r y , l y i n g u p o n i t s i n n e r s i de 

a n d b e h i n d t h e n e r v e j u s t d e s c r i b e d , a n d , a f t e r i t s escape 

f r o m t h e f a s c i a , i t s u p p l i e s t h e s k i n o f t h e l o w e r t h i r d o f t h e 

a r m , 4 b e c o m i n g j o i n e d t o t h e p o s t e r i o r b r a n c h o f t h e i n t e r n a l 

1 Those adjoining the thumb. See figure on page 396 of this volume. 
2 Sec cut on page 396 of this volume. 
3 For the region of cutaneous distribution to this nerve, the reader is referred to the 

diagrammatic cuts on pages 389 and 396 of this volume. 
4 See Fig. 145 of this volume. 
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FIG. 146.— Cutaneous nerves of the shout- FIG. 147.— Cutaneous nerves of the ante-
der and anterior surface of the arm. rior surface of the forearm and hand. 
(Hirschfeld.) (Hirschfeld.) 

1,1, divisions of the supra-acromial branch of the ccrvical plexus ; 2, 2, 2, terminal rami
fications of the cutaneous division of the circumflex nerve ; 3, division of the inter
nal cutaneous nerve of the arm; 4, small filament from the perforating branch of 
the second intercostal nerve ; 5, external cutaneous branch from the musculo-spiral 
nerve ; 6, internal cutaneous branch crossing the aponeurosis of the arm ; 7, epi-
trochlear branch of this nerve, anastomosing by a division with 8. the ulnar nerve, 
and 9, 9, with the anterior branch of the same nerve; 10, 10, anterior branch of the 
internal cutaneous of the arm, dividing into several branches, some of which pass in 
front of and others behind the median-basilic vein ; 11, 11, musculo-cutaneous nerve 
crossing the aponeurosis of the arm outside of the tendon of the biceps muscle ; 12, 
12, divisions of the external cutaneous branch of the radial, distributing themselves 
to the skin of the posterior portion of the forearm ; 13, 13, 13, divisions which the 
anterior branch of the internal cutaneous furnishes to the forearm ; 14, anastomosis 
of one of these divisions with a perforating branch of the ulnar nerve ; 15, 15, 15, 
terminal divisions of the musculo-cutaneous nerve; 16, anastomosis of one of these 
divisions with 17, the terminal anterior branch of the radial nerve ; 18, palmar cuta
neous branch of the median ; 19, internal branch of distribution to the thumb ; 20, 
external branch of distribution to the same; 21, external branch of distribution to 
the index finger ; 22, trunk of the branches of distribution to the internal side of the 
index and external aspect of middle fingers ; 23, common trunk of distribution to the 
internal side of the middle and external side of the ring fingers ; 24, trunk of distri
bution to the internal side of the ring and external side of the little finger; 25, 
branch of distribution to the internal side of the little finger. 
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c u t a n e o u s n e r v e o r t o t h e i n t e r c o s t o - h u m e r a l n e r v e . T h e size 

o f t h i s n e r v e v a r i e s , as i t i s o f t e n s u p p l a n t e d b y t h e i n t e r c o s 

t o - h u m e r a l 1 n e r v e , w h i c h i s t h e n o f e x t r e m e l y l a r g e size. I n 

t h i s case t h e n e r v e o f W r i s b e r g m a y b e e n t i r e l y w a n t i n g , 

a n d t h e i n t e r c o s t o - h u m e r a l n e r v e a c t i n d e p e n d e n t l y o f a n y 

c o m m u n i c a t i o n w i t h t h e b r a c h i a l p l e x u s . 

THE ULNAR NERVE. 

T h i s n e r v e ar i ses f r o m t h e i n n e r c o r d o f t h e b r a c h i a l p l e x 

us , i n c o m m o n w i t h t h e i n t e r n a l c u t a n e o u s a n d t h e n e r v e o f 

W r i s b e r g , as w e l l as w i t h t h e i n n e r h e a d o f t h e m e d i a n n e r v e . 

I t bea r s a surgical relation w i t h t h e t h i r d p o r t i o n o f t h e a x 

i l l a r y a r t e r y a n d t h e u p p e r p a r t o f t h e b r a c h i a l a r t e r y , s ince 

i t l i e s i n t e r n a l l y t o a n d i n c lose p r o x i m i t y w i t h b o t h ; b u t i t 

g r a d u a l l y separa tes f r o m t h e b r a c h i a l a r t e r y as i t passes d o w n 

t h e a r m . I t p e r f o r a t e s t h e d e e p f a s c i a o f t h e a r m i n c o m p a n y 

w i t h t h e i n f e r i o r p r o f u n d a b r a n c h o f t h e b r a c h i a l a r t e r y , a n d 

descends i n a g r o o v e b e t w e e n t h e o l e c r a n o n p r o c e s s o f t h e 

u l n a a n d t h e i n n e r c o n d y l e o f t h e h u m e r u s , u n t i l i t e n t e r s t h e 

f o r e a r m b y p a s s i n g b e t w e e n t h e t w o h e a d s o f t h e f l e x o r c a r p i 

u l n a r i s m u s c l e . I n t h e f o r e a r m , t h i s n e r v e b e a r s a r e l a t i o n 

w i t h t h e u l n a r a r t e r y , e s p e c i a l l y i n t h e m i d d l e a n d l o w e r 

t h i r d s o f t h a t r e g i o n ; t h e a r t e r y l y i n g u p o n t h e o u t e r s i d e o f 

t h e n e r v e . A t t h e w r i s t , t h i s n e r v e w i n d s a r o u n d t h e o u t e r 

s i d e o f t h e p i s i f o r m b o n e , crosses t h e a n n u l a r l i g a m e n t , a n d 

d i v i d e s i n t o i t s t w o t e r m i n a l b r a n c h e s . T h e t a b u l a t e d ar 

r a n g e m e n t o f t h e b r a n c h e s o f d i s t r i b u t i o n o f t h e u l n a r n e r v e 2 

w i l l s h o w t h e m u s c l e s s u p p l i e d b y i t , b o t h i n t h e f o r e a r m a n d 

h a n d . I t i s i m p o r t a n t t o r e m e m b e r t h a t t h i s n e r v e g i v e s fila

m e n t s t o b o t h t h e e l b o w a n d w r i s t j o i n t s , a n d t h a t i t s c u t a n e 

o u s b r a n c h e s a re c o n f i n e d t o t h e fingers a n d p a l m o f t h e 

h a n d . 

B y a g l a n c e a t t h e d i a g r a m m a t i c r e p r e s e n t a t i o n o f t h e 

r e g i o n s o f t h e i n t e g u m e n t o f t h e u p p e r e x t r e m i t y , s u p p l i e d 

b y i n d i v i d u a l n e r v e s (see F i g s . 145 a n d 153), y o u w i l l p e r 

ce ive t h a t t h e u l n a r n e r v e s u p p l i e s t h e d o r s a l a n d p a l m a r 

5 A branch of the second intercostal nerve. 2 Sec page 383 of this volume. 
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FIG. 148.—Brachial portion of the musculo- FIG. 149.— Terminal portion of the median 
cutaneous, median, and ulnar nerves. and ulnar nerves. (Sappey.) 
(Sappey.) 

1, musculo-cutaneous nerve ; 2, branch to the coraco-brachialis muscle ; 3, branch to the 
biceps muscle; 4, branch to the braehialis anticus ; 5, anastomotic filament which it 
receives from the median nerve; 6, division of this nerve where it crosses the apo
neurosis of the arm; 7, musculo-spiral nerve passing between the braehialis anticus 
and supinator longus muscles; 8, external cutaneous branch of the musculo-spiral 
nerve ; 9, trunk of the internal cutaneous dividing just below its origin, thus giving 
off an accessory branch; 10, anterior or ulnar branch of this nerve ; 11, brachial 
portion of the median and ulnar nerves; 12, antebrachial portion, palmar and digital 
branches of the same nerve; 13, branch to the pronator radii teres; 14, trunk of 
these anterior muscular branches dividing and passing to the muscles to which they 
are distributed; 15, branch to the flexor profundus digitorum; 16, branch to the 
flexor longus pollieis ; 1 7, anterior interosseous branch ; 18, palmar cutaneous branch 
dividing just below its origin; 19, muscular branch of the thenar eminence; 20, ex
ternal branch of distribution to the thumb; 21, internal branch of distribution to the 
same; 22, external branch of distribution of the index finger; 23, common trunk of 
the internal branches of distribution to the index finger and external to the middle 
finger ; 24, internal trunk of distribution to the middle and external braneh to the 
ring finger; 25, braneh which the ulnar nerve furnishes to the flexor carpi ulnaris; 
26, branches which the same nerve furnishes to the two internal fasciculi of the 
flexor profundus digitorum; 27, cutaneous and anastomotic filament of the ulnar 
nerve; 28, dorsal braneh of this nerve; 29, its superficial palmar branch ; 30, com
mon trunk of the internal branch of distribution to the ring and external branch to 
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the little finger; 31; internal branch of distribution to the little finger; 32, deep 
palmar branch ; 33, small branch to the hypo-thenar eminence ; 34, branches to the 
muscles of the fourth interosseous space and the fourth lumbricalis muscle; 35, 
branches to the muscles of the third interosseous space and the third lumbricalis 
muscle; 36, branches to the adductor pollieis and muscles of the first and second 
interosseous spaces. 

surfaces of the inner one and a lialf fingers, thus leaving 

t h r e e a n d a h a l f f i n g e r s u p o n t h e p a l m f o r t h e m e d i a n n e r v e , 

a n d t h r e e a n d a h a l f f i n g e r s o n t h e b a c k o f t h e h a n d f o r t h e 

r a d i a l n e r v e t o s u p p l y . T h u s t h e i n t e g u m e n t o f t h e p a l m i s 

as e q u a l l y d i v i d e d b e t w e e n t he se t h r e e n e r v e s as c o u l d w e l l 

be , as t h e u l n a r h a s a t o t a l o f t h r e e f i n g e r s ( o n e a n d a h a l f 

o n b o t h t h e p a l m a n d b a c k o f h a n d ) , a n d t h e o t h e r t w o 

n e r v e s t h r e e a n d a h a l f f i n g e r s e ach . 

CLINICAL POINTS OF INTEREST PERTAINING TO THE ULNAR NERVE. 

T h e s u p e r f i c i a l s i t u a t i o n o f t h i s n e r v e i n t h e a r m , n e a r t h e 

e l b o w a n d a t t h e w r i s t , w o u l d s e e m t o s u g g e s t t h a t p a r a l y s i s 

o f t h i s n e r v e w o u l d b e a m a t t e r o f c o m m o n o c c u r r e n c e , as i t 

i s a p p a r e n t l y e x p o s e d t o i n j u r y . I t i s , n e v e r t h e l e s s , i n f r e 

q u e n t l y a f f e c t e d w i t h t r a u m a t i c p a r a l y s i s . T h e causes w h i c h 

r e p o r t e d cases s h o w t o h a v e p r o d u c e d t h i s c o n d i t i o n i n c l u d e 

a b o u t t h e s ame l i s t o f a c c i d e n t s as m e n t i o n e d i n c o n n e c t i o n 

w i t h p a r a l y s i s o f t h e m e d i a n n e r v e ; b u t s l e e p i n g u p o n t h e a r m 

w h e n p l a c e d b e n e a t h t h e h e a d , t h e use o f p o o r l y c o n s t r u c t e d 

c r u t c h e s , f r a c t u r e s a n d d i s l o c a t i o n s a t t h e s h o u l d e r , t u m o r s , 

c o n t u s i o n s , w o u n d s o f a l l k i n d s , n e u r i t i s , 1 a n d n e u r o m a t a a r e 

a m o n g t h e m o s t c o m m o n . R e s t i n g u p o n t h e e l b o w h a s b e e n 

r e p o r t e d b y D u c h e n n e as a cause o f t h i s t y p e o f p a r a l y s i s i n 

a c e r t a i n class o f w o r k m e n ; a n d t h e s o - c a l l e d " i n j u r y t o t h e 

f u n n y b o n e , " w h i c h c o n s i s t s o f a c o n t u s i o n o v e r t h e seat o f 

t h e u l n a r n e r v e a t t h e e l b o w , seems t o j u s t i f y t h e c o n c l u s i o n 

t h a t t h i s m i g h t e a s i l y be t h e sea t o f p a r a l y s i s f r o m l o n g - c o n 

t i n u e d o r c o n s t a n t p r e s s u r e . 

I t i s a r u l e a m o n g s u r g e o n s , w h e n o p e r a t i n g a b o u t t h e 

e l b o w j o i n t , 8 t o g u a r d a g a i n s t i n j u r y t o t h e u l n a r n e r v e , espe-
1 Rosenthal states that this condition is most frequent after typhoid fever and acute 

diseases. 
2 This is especially important in excision of this joint, as the nerve is apt to be injured 

in raising the periosteum from the bone. 
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cially when the steps of the operation bring the knife in 

p r o x i m i t y t o t h e i n n e r c o n d y l e o f t h e h u m e r u s . 

A s h a s b e e n m e n t i o n e d i n c o n n e c t i o n w i t h t h e m e d i a n n e r v e , 

t h e u l n a r , as w e l l as t h e m e d i a n n e r v e , m a y b e c o n s i d e r e d as 

a p r o n a t o r a n d flexor n e r v e o f t h e w r i s t a n d a flexor n e r v e 

o f t h e fingers, s i n c e t h e d i s t r i b u t i o n o f t h e t w o i s c o n f i n e d 

e x c l u s i v e l y t o t h e a n t e r i o r s u r f a c e o f t h e f o r e a r m a n d t h e 

p a l m a r s u r f a c e o f t h e h a n d . T h e t a b l e o f t h e b r a n c h e s o f t h e 

u l n a r n e r v e 1 w i l l h e l p u s t o r e a d i l y a p p r e c i a t e t h e p e c u l i a r i 

t i e s o f u l n a r p a r a l y s i s f r o m a t h e o r e t i c a l s t a n d p o i n t , a n d t o 

p r o p e r l y i n t e r p r e t t h e p h e n o m e n a w h e n m e t i n a c t u a l e x p e 

r i e n c e . 

W e c a n see, b y r e f e r e n c e t o t h e t a b l e , t h a t t h e flexor c a r p i * 

u l n a r i s a n d t h e g r e a t e r p a r t o f t h e flexor p r o f u n d u s d i g i t o 

r u m m u s c l e s w o u l d b e p a r a l y z e d , a n d t h a t t h e m u s c l e s o f 

t h e h y p o t h e n a r e m i n e n c e , as w e l l as t h e i n t e r o s s e i m u s c l e s 

o f t h e h a n d , t h e t w o i n n e r l u m b r i c a l e s , a p a r t o f t h e flexor 

b r e v i s p o l l i e i s , a n d t h e a d d u c t o r p o l l i e i s w o u l d b e s i m i l a r l y 

a f f e c t e d . N o w , t h e c l i n i c a l e v i d e n c e s o f t h i s f o r m o f p a r a l y s i s 

a r e i n p e r f e c t a c c o r d w i t h t h e s e f a c t s . W e find t h a t t h e a d 

d u c t i o n o f t h e h a n d i s n o l o n g e r p e r f o r m e d i n a p e r f e c t m a n 

n e r , s i n c e t h e flexor c a r p i u l n a r i s c a n n o l o n g e r a c t i n u n i s o n 

w i t h t h e e x t e n s o r c a r p i u l n a r i s ; t h a t flexion o f t h e h a n d i s 

p e r f o r m e d i m p e r f e c t l y a n d b y m e a n s o f t h e flexor o f t h e r a 

d i a l s i d e o f t h e f o r e a r m o n l y , s i n c e t h a t m u s c l e i s s u p p l i e d 

b y t h e m e d i a n n e r v e ; t h a t t h e a b i l i t y t o m o v e t h e l i t t l e fin

g e r i s a l m o s t e n t i r e l y a b o l i s h e d ; t h a t c o m p l e t e fiexion o f t h e 

i n n e r t h r e e fingers i s r e n d e r e d d i f f i c u l t a n d s o m e t i m e s i m p o s 

s i b l e ; t h a t t h e fingers c a n n o t b e s e p a r a t e d f r o m e a c h o t h e r , 

o r c o m p r e s s e d i n t o a c l o s e l a t e r a l j u x t a p o s i t i o n , o w i n g t o 

p a r a l y s i s o f t h e i n t e r o s s e i m u s c l e s ; a n d t h a t b o t h flexion o f 

t h e f i r s t p h a l a n x a n d e x t e n s i o n o f t h e t w o t e r m i n a l p h a 

l a n g e s o f a l l t h e fingers a r e r e n d e r e d i m p o s s i b l e , f o r t h e s a m e 

r e a s o n . 

W h e n t h e u l n a r n e r v e i s p a r a l y z e d above the icrist, so t h a t 

t h e i n t e r o s s e i a n d l u m b r i c a l e s a r e a l o n e p a r a l y z e d , t h e h a n d 

1 Sec page 383 of this volume. 
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assumes a d i a g n o s t i c a t t i t u d e , t h e s o - c a l l e d " c l a w - h a n d , " i n 

w h i c h t h e e x t e n s o r c o m m u n i s d i g i t o r u m m u s c l e e x t e n d s t h e 

f i r s t p h a l a n g e s o f a l l o f t h e f i n g e r s , w h i l e t h e o t h e r t w o r o w s 

o f p h a l a n g e s a re f l e x e d b y t h e c o m m o n flexor m u s c l e s o f t h e 

f i n g e r s ( t h e i n t e r o s s e i a n d l u m b r i c a l e s b e i n g n o l o n g e r a b l e t o 

flex t h e f i r s t r o w o f p h a l a n g e s o r t o e x t e n d t h e t w o o t h e r 

r o w s ) . T h i s s ame c o n d i t i o n o f t h e h a n d m a y , h o w e v e r , b e 

p r o d u c e d b y a c o n d i t i o n o f p r o g r e s s i v e m u s c u l a r a t r o p h y o f 

t hese m u s c l e s . 

I t m u s t be r e m e m b e r e d t h a t t h i s c o n d i t i o n , i f d e p e n d e n t 

u p o n u l n a r p a r a l y s i s a l o n e , i s m o r e m a r k e d i n t h e two inner 

fingers t h a n i n t h e t h r e e o u t e r , s ince t h e l u m b r i c a l e s a r e s u p 

p l i e d i n p a r t b y t h e m e d i a n n e r v e ; a n d t h i s c l i n i c a l f a c t seems 

t o s t a m p t h e a c t i o n o f t h e l u m b r i c a l e s as s i m i l a r t o t h a t o f t h e 

i n t e r o s s e i . F i n a l l y , t h e e f f e c t s o f u l n a r p a r a l y s i s m a y be 

m a n i f e s t e d i n t h e m o v e m e n t s o f t h e t h u m b , s i nce i t s u p p l i e s 

t w o m u s c l e s w h i c h c o n t r o l i t . T h i s w i l l be m o s t a p p a r e n t 

w h e n y o u i n s t r u c t t h e p a t i e n t t o p r e s s t h e t h u m b f o r c i b l y 

a g a i n s t t h e m e t a c a r p a l b o n e o f t h e i n d e x f i n g e r , o r t o a d d u c t 

t h e t h u m b , s ince b o t h o f t he se m o t i o n s w i l l b e r e n d e r e d d i f f i 

c u l t o r i m p o s s i b l e . 

T h e s e d i s t u r b a n c e s o f m o t i l i t y c r e a t e s e r i o u s d i s t u r b a n c e s 

i n t h o s e c o m m o n f u n c t i o n s i n w h i c h t h e h a n d i s o f t h e m o s t 

s e rv i ce . W r i t i n g , d r a w i n g , t h e p l a y i n g o f m u s i c a l i n s t r u 

m e n t s , e tc . , a r e r e n d e r e d d i f f i c u l t . T h e m u s c l e s w h i c h a re 

s u p p l i e d b y t h e m e d i a n a n d r a d i a l n e r v e s a r e s t i l l a b l e , h o w 

ever , t o d i r e c t t h e h a n d a n d f i n g e r s i n m a n y ac t s w h i c h c o n 

t r i b u t e t o t h e c o m f o r t o f t h e p a t i e n t . I n t h o s e cases w h e r e 

t h e m u s c l e s o f t h e t h e n a r e m i n e n c e ( s u p p l i e d c h i e f l y b y t h e 

m e d i a n n e r v e ) a re s i m u l t a n e o u s l y a f f e c t e d , t h e u s e o f t h e 

h a n d i s a l m o s t e n t i r e l y a b o l i s h e d . 

THE SUBSCAPULAR NERVES. 

T h e s e t h r e e n e r v e s a re g i v e n o f f b y t h e posterior cord o f 

t h e b r a c h i a l p l e x u s . T h e y a r e c a l l e d t h e u p p e r , l o n g , a n d 

l o w e r s u b s c a p u l a r n e r v e s b y s o m e a u t h o r s , w h i l e t h e n u m e r i c a l 

p r e f i x e s o f f i r s t , s e c o n d , a n d t h i r d a re a p p l i e d t o t h e m b y 
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o t h e r s . A s w i l l b e s e e n b y t h e t a b l e o f t h e b r a n c h e s o f t h e 

p o s t e r i o r c o r d o f t h e b r a c h i a l p l e x u s , 1 t h e f i r s t o r u p p e r n e r v e 

s u p p l i e s t h e s u b s c a p u l a r m u s c l e , t h e s e c o n d o r l o n g n e r v e 

s u p p l i e s t h e l a t i s s i m u s d o r s i , a n d t h e t h i r d o r l o w e r n e r v e 

s u p p l i e s t h e t e r e s m a j o r , w h o s e p o i n t o f i n s e r t i o n i s s i m i l a r 

t o t h a t o f t h e p r e c e d i n g m u s c l e , s i n c e t h e t e n d o n s o f t h e t w o 

o f t e n m e r g e i n t o e a c h o t h e r . 

N o w , t h e s e t h r e e m u s c l e s a r e a g e n t s i n c r e a t i n g c e r t a i n 

m o v e m e n t s a t t h e s h o u l d e r j o i n t ; h e n c e i t i s t o b e p r e s u m e d 

t h a t e a c h s u b s c a p u l a r n e r v e s e n d s a f i l a m e n t t o t h a t a r t i c u l a 

t i o n . I a m a w a r e t h a t t h e t e x t - b o o k s u s u a l l y g i v e t h e c r e d i t 

o f n e r v e s u p p l y t o t h i s j o i n t t o o t h e r s o u r c e s , s i n c e t h e f i l a 

m e n t s o f t h e s u p r a - s c a p u l a r a n d c i r c u m f l e x n e r v e s c a n b e 

t r a c e d e a s i l y t o t h i s a r t i c u l a t i o n o n a c c o u n t o f t h e i r l a r g e s ize . 

b u t I a m n o t i n c l i n e d t o b e l i e v e t h a t a n a x i o m 2 o f n e r v e s u p 

p l y , so f u l l y s u s t a i n e d i n o t h e r r e g i o n s , w i l l n o t f a i l t o b e 

s u p p o r t e d b y c a r e f u l d i s s e c t i o n s o f t h i s p a r t . T h e m u s c l e s 

s u p p l i e d b y t h e s u b s c a p u l a r n e r v e s a r e as i m p o r t a n t a g e n t s 

i n t h e m o v e m e n t s o f t h e a r m a t t h e s h o u l d e r as t h o s e s u p p l i e d 

f r o m t h e t r u n k s o f t h e c i r c u m f l e x a n d t h e s u p r a - s c a p u l a r 

n e r v e s ; a n d , i f i t b e t r u e t h a t a j o i n t , w h e n e x h a u s t e d o r 

i n f l a m e d , c a n c o n t r o l t h e m u s c l e s w h i c h m o v e i t b y m e a n s o f 

a c o m m o n n e r v e s u p p l y , t h e s u b s c a p u l a r n e r v e s m u s t cer 

t a i n l y b e e n u m e r a t e d as o n e o f t h e s o u r c e s o f s u p p l y t o t h e 

s h o u l d e r j o i n t . 

CLIX1CAL POIXTS PERTAINING TO THE SUBSCAPULAR NERVES. 

T h e s e n e r v e s a r e s e l d o m t h e sea t o f a l o c a l i z e d n e u r a l g i a , 

o r o f p a r a l y s i s , e x c e p t i n c o n n e c t i o n w i t h s o m e o t h e r n e r v e s 

o f t h e u p p e r e x t r e m i t y . T h e s i t u a t i o n a t w h i c h t h e y a r e 

g i v e n o f f f r o m t h e b r a c h i a l p l e x u s ( b e i n g b r a n c h e s o f t h e 

p o s t e r i o r c o r d a n d i m b e d d e d i n t h e a x i l l a r y space ) i s a s a f e 

g u a r d a g a i n s t a l l c o m m o n f o r m s o f e x t e r n a l v i o l e n c e , w h i l e 

f e w t u m o r s w o u l d c r e a t e p r e s s u r e u p o n t h e s e t r u n k s w i t h o u t 

a f f e c t i n g o t h e r n e r v e s a t t h e s a m e t i m e , a n d p o s s i b l y t o a n 

e q u a l o r g r e a t e r d e g r e e . 

1 Sec page 38-1 of this volume. 2 See page 339 of this volume. 
28 
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S h o u l d t h e s u b s c a p u l a r n e r v e s h a p p e n t o b e c o m e i m p a i r e d , 

t h e p a r a l y s i s w o u l d be s h o w n i n t h o s e m o v e m e n t s o f t h e a r m 

w h i c h a re p e r f o r m e d c h i e f l y b y t h e t h r e e m u s c l e s s u p p l i e d b y 

t h e m . T h e l a t i s s i m u s d o r s i c o u l d n o l o n g e r b r i n g t h e h a n d 

i n t o t h e p o s i t i o n a s s u m e d w h e n s c r a t c h i n g t h e a n a l r e g i o n ( i n 

w h i c h m o v e m e n t i t i s p r o m i n e n t l y c o n c e r n e d ) , w h i l e t h e m o v e 

m e n t o f internal rotation a t t h e s h o u l d e r j o i n t w o u l d b e i m 

p a i r e d , o n a c c o u n t o f t h e p a r a l y s i s o f t h e s u b s c a p u l a r i s a n d 

t h e t e res m a j o r , as w e l l as t h a t o f t h e m u s c l e p r e v i o u s l y 

m e n t i o n e d . 

S h o u l d t h e s e n e r v e s b e t h e seat o f d e g e n e r a t i o n , as i n t h e 

case o f p r o g r e s s i v e m u s c u l a r a t r o p h y , a n a l t e r a t i o n i n t h e size 

o f t h e l a t i s s i m u s d o r s i a n d t e res m a j o r m u s c l e s w o u l d be 

d e t e c t e d , a n d t h e o t h e r s y m p t o m s c h a r a c t e r i s t i c o f t h i s 

c o n d i t i o n m i g h t b e d i s c o v e r e d , t o a g r e a t e r o r less degree , 

d e p e n d i n g u p o n t h e e x t e n t o f t h e m u s c u l a r c h a n g e s . 

THE CIRCUMFLEX XERVE. 

T h i s n e r v e ar i ses f r o m t h e p o s t e r i o r c o r d o f t h e b r a c h i a l 

p l e x u s , u s u a l l y i n c o m m o n w i t h t h e m u s c u l o - s p i r a l n e r v e , 

b u t s o m e t i m e s b y a n i n d e p e n d e n t c o m m u n i c a t i o n w i t h t h e 

p o s t e r i o r c o r d . I t passes d o w n w a r d a n d o u t w a r d b e h i n d t h e 

a x i l l a r y a r t e r y a n d u p o n t h e s u b s c a p u l a r i s m u s c l e , t h e n 

b a c k w a r d ( i n c o m p a n y w i t h t h e c i r c u m f l e x vesse ls ) t h r o u g h 

a q u a d r i l a t e r a l space b o u n d e d b y t h e h u m e r u s , t h e t e r e s m a 

j o r a n d m i n o r m u s c l e s , a n d t h e l o n g h e a d o f t h e t r i c e p s , 1 

w h e n i t d i v i d e s i n t o i t s s u p e r i o r a n d i n f e r i o r b r a n c h . I t 

g i v e s o f f a d i s t i n c t b r a n c h t o t h e s h o u l d e r j o i n t , b e f o r e i t s t w o 

t e r m i n a l b r a n c h e s a re f o r m e d , i n t h e v i c i n i t y o f t h e q u a d r i 

l a t e r a l space, w h o s e b o u n d a r i e s h a v e b e e n g i v e n . 

T h e s u p e r i o r b r a n c h o f t h e c i r c u m f l e x n e r v e i s t h e l a r g e r 

o f t h e t w o t e r m i n a l filaments. I t w i n d s a r o u n d t h e n e c k o f 

t h e h u m e r u s , a n d s u p p l i e s t h e d e l t o i d m u s c l e a n d t h e i n t e g u 

m e n t o v e r t h e l o w e r p o r t i o n o f t h e s h o u l d e r . 

T h e i n f e r i o r b r a n c h i s s m a l l i n c o m p a r i s o n w i t h t h e s u 

p e r i o r , a n d i s d i s t r i b u t e d t o t h e t e r e s m i n o r m u s c l e a n d t h e 

1 This space can he found depicted in all the standard text-books upon anatomy. 
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i n t e g u m e n t o v e r t h e b a c k p a r t o f t h e s h o u l d e r . T h e t w i g , 

g i v e n o f f t o s u p p l y t h e t e r e s m i n o r m u s c l e , i s s o m e t i m e s f u r 

n i s h e d w i t h a g a n g l i o n i c e n l a r g e m e n t . 

CLINICAL POINTS PERTAINING TO THE CIRCUMFLEX NERVE. 

F r o m w h a t h a s b e e n s a i d r e g a r d i n g t h e d i s t r i b u t i o n o f t h i s 

n e r v e , i t w i l l b e r e a d i l y u n d e r s t o o d t h a t t h e d e l t o i d a n d t e r e s 

m i n o r m u s c l e s , as w e l l as t h e i n t e g u m e n t o f t h e s h o u l d e r a n d 

FIG. 150.— Circumflex and subscapular nerves. (Sappey.) 
1, terminal extremity of the supra-scapular nerve ; 2, branch which this nerve furnishes to 

the supra-spinatus muscle; 3, ramifications by which it terminates in that muscle; 
4, circumflex nerve embracing the surgical neck of the humerus ; 5, filament which 
this nerve sends to the teres minor muscle; 6, cutaneous nerve to the shoulder ; 
7, branches of the circumflex nerve given off to the deltoid muscle. 

upper arm, will be affected by any impairment of the circum

flex n e r v e . A f a c t p r e v i o u s l y m e n t i o n e d , h o w e v e r , s h o u l d 

n o t b e l o s t s i g h t o f , v i z . , t h a t t h e d e l t o i d m u s c l e , i n i t s a n 

t e r i o r p o r t i o n , i s s u p p l i e d b y t h e a n t e r i o r t h o r a c i c n e r v e s ; 

h e n c e t h e i m p a i r m e n t o f t h e c i r c u m f l e x m a y n o t u t t e r l y p a r a 

l y z e i t . 

T h e i n t i m a t e r e l a t i o n s w h i c h t h i s n e r v e b e a r s t o t h e 

s h o u l d e r j o i n t a n d t h e c o u r s e w h i c h i t t a k e s a r o u n d t h e 

n e c k o f t h e h u m e r u s r e n d e r i t p a r t i c u l a r l y l i a b l e t o i n j u r y 

f r o m c o n t u s i o n s , c o n c u s s i o n s , b l o w s , o r f a l l s u p o n t h e s h o u l -
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d e r ; w h i l e d i s l o c a t i o n s o f t h e h u m e r u s f r o m t h e s c a p u l a , 

e s p e c i a l l y i n a b a c k w a r d d i r e c t i o n , a r e f r e q u e n t l y f o l l o w e d 

b y d e l t o i d p a r a l y s i s . I f t h e s h o u l d e r j o i n t b e c o m e t h e seat 

o f r h e u m a t i c , o r a n y o t h e r t y p e o f c h r o n i c i n f l a m m a t i o n , t h e 

n e r v e m a y be i n v o l v e d i n a n e u r i t i c p rocess , a n d t h u s cause 

a p a r a l y s i s o f t h e d e l t o i d o r t e re s m i n o r ; w h i l e t h e s a m e re 

s u l t s m a y a l so f o l l o w " c a t c h i n g c o l d , " a n e u r i t i s b e i n g p r o b 

a b l y e s t a b l i s h e d . F i n a l l y , t h i s t y p e o f p a r a l y s i s m a y f o l l o w 

i n j u r y t o t h e b r a c h i a l p l e x u s , a l l t h e f o r m s o f c e n t r a l l e s ions , 

l e a d p o i s o n i n g , a n d p r o g r e s s i v e m u s c u l a r a t r o p h y . 

A s p a r a l y s i s o f t h e t e res m i n o r m u s c l e c a n n o t b e e a s i l y 

d e t e c t e d , p r o v i d e d t h e i n f r a - s p i n a t u s m u s c l e r e m a i n s u n i m 

p a i r e d , t h e s y m p t o m s o f c i r c u m f l e x p a r a l y s i s a r e m o s t l y c o n 

f i n e d t o t h e i n a b i l i t y t o p e r f o r m t h e v a r i o u s m o v e m e n t s i n t o 

w h i c h t h e d e l t o i d m u s c l e p r o m i n e n t l y e n t e r s . T h e a r m c a n 

n o t be r a i s e d f r o m c o n t a c t w i t h t h e w a l l o f t h e t h o r a x , b y a n y 

a t t e m p t o n t h e p a r t o f t h e p a t i e n t , n o r c a n i t be b r o u g h t f o r 

w a r d a n d r a i s e d . W h e n a n a t t e m p t i s m a d e b y t h e p a t i e n t 

t o r a i s e t h e a r m , t h e d e l t o i d f i b e r s d o n o t c o n t r a c t , b u t l i e 

flabby a n d loose , w h i c h d i s t i n g u i s h e s i t f r o m a n a n c h y l o s e d 

c o n d i t i o n o f t h e s h o u l d e r , w i t h o u t t h e n e c e s s i t y o f c o m m u n i 

c a t e d m o t i o n b e i n g r e s o r t e d t o i n o r d e r t o m a k e t h e d i a g n o 

sis. T h e d e l t o i d r e g i o n a t r o p h i e s , a n d t h e s h o u l d e r j o i n t 

b e c o m e s r e l a x e d . A d e e p g r o o v e c a n o f t e n b e d e t e c t e d 

t h r o u g h t h e a t r o p h i e d m u s c l e b e t w e e n t h e h e a d o f t h e h u 

m e r u s a n d t h e a r t i c u l a r s u r f a c e o f t h e s c a p u l a , 

THE MUSCULO-SPIRAL XERVE. 

T h i s i s t h e l a r g e s t b r a n c h o f t h e b r a c h i a l p l e x u s . I t a r i ses 

f r o m t h e p o s t e r i o r c o r d , u s u a l l y i n c o m p a n y w i t h t h e c i r c u m 

flex n e r v e , a n d l i e s b e h i n d t h e t h i r d p o r t i o n o f t h e a x i l l a r y 

a r t e r y , a t i t s p o i n t o f escape f r o m t h e b r a c h i a l p l e x u s . I t 

s u b s e q u e n t l y passes b e h i n d t h e u p p e r p a r t o f t h e b r a c h i a l 

a r t e r y , crosses t h e t e n d o n s o f t h e t e r e s m a j o r a n d l a t i s s i m u s 

d o r s i m u s c l e s , a c c o m p a n i e s t h e s u p e r i o r p r o f u n d a a r t e r y i n a 

s p i r a l g r o o v e u p o n t h e h u m e r u s , a n d , b y p a s s i n g b e t w e e n t h e 

s u p i n a t o r l o n g u s a n d t h e b r a e h i a l i s a n t i c u s m u s c l e s , i t r e a c h e s 
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FIG. 151.—Musculo-spiral nerve. FIG. 152.— Terminal brandies of the 
(Sappey.) musculo-spiral nerve. (Sappey.) 

FIG. 151.—1, circumflex nerve; 2. filament to the teres minor muscle; 3, cutaneous branch 
of the circumflex ; 4, trunk of the musculo-spiral; 5, portion of this nerve which cor
responds to the spinal groove of the humerus; 6, this same nerve passing between 
the braehialis anticus and supinator longus muscles ; 7, branch which the musculo-
spiral furnishes to the long head of the triceps muscle; 8, 8, branch to the internal 
portion of this muscle ; 9, branch to the external portion of this muscle; 10, termi
nal braneh of this same neVve distributed to the anconeus muscle; 11, another 
branch of the same nerve supplying also the external portion of the triceps muscle; 
12, external cutaneous braneh of the musculo-spiral. 

FIG. 152.—1, trunk of the musculo-spiral nerve ; 2, branch to the supinator longus muscle ; 
3, branch to the extensor carpi radialis iongior; 4, branch to the extensor carpi 
radialis brevior; 5, bifurcation of this trunk; 6, its posterior or muscular branch; 
7, the same branch crossing the supinator brevis, to which it gives off several small 
branches; 8, its terminal divisions ; 9, anterior or cutaneous branch of this nerve; 
10, terminal divisions of this branch; 11, musculo-cutaneous nerve ; 12, 12, 12, its 
terminal divisions ; 13, one of these branches which descends as far as the wrist, and 
then anastomoses with the cutaneous branch of the radial. 
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t h e e x t e r n a l c o n d y l e o f t h e h u m e r u s , w h e r e i t d i v i d e s i n t o 

t w o t e r m i n a l b r a n c h e s , v i z . , t h e radial a n d t h e posterior in

terosseous nerves. 

T h e t a b l e o f t h e b r a n c h e s g i v e n o f f f r o m t h e p o s t e r i o r c o r d 

o f t h e b r a c h i a l p l e x u s , 1 a n d t h e f i l a m e n t s o f d i s t r i b u t i o n o f 

each , w i l l h e l p y o u i n f o l l o w i n g t h e c h i e f p o i n t s o f i n t e r e s t 

a s s o c i a t e d w i t h t h i s n e r v e . I t w i l l b e p e r c e i v e d t h a t t h e m a i n 

t r u n k o f t h e n e r v e s u p p l i e s f i v e m u s c l e s , w h i l e t h e p o s t e r i o r 

i n t e r o s s e o u s b r a n c h s u p p l i e s a l l t h e r e m a i n i n g m u s c l e s u p o n 

t h e p o s t e r i o r s u r f a c e o f t h e f o r e a r m . T h i s n e r v e i s , t h e r e f o r e , 

e s s e n t i a l l y a n e x t e n s o r n e r v e , a l t h o u g h t h e b r a e h i a l i s a n t i c u s 

a n d s u p i n a t o r l o n g u s m u s c l e s ass i s t i n f l e x i o n o f t h e f o r e a r m . 

W h e n w e c o m e t o t h e c o n s i d e r a t i o n o f t h e e f f e c t s o f p a r a l y 

sis o f t h i s n e r v e , t h e s p e c i a l s y m p t o m s w i l l h e l p s t i l l f u r t h e r 

t o i m p r e s s u p o n y o u t h e d i s t r i b u t i o n o f i t s b r a n c h e s t o m u s 

cles as w e l l as t o t h e i n t e g u m e n t ; a n d t h e p o i n t s o f i n t e r e s t , 

w h i c h d e p e n d u p o n t h e p e c u l i a r c o u r s e o f t h e m a i n t r u n k o f 

t h e n e r v e , w i l l be m a d e p r o m i n e n t , as a n e x p l a n a t i o n o f t h e 

f r e q u e n t o c c u r r e n c e o f t h i s s p e c i a l t y p e o f p a r a l y s i s i n cer

t a i n o c c u p a t i o n s . 

T h e radial brancli i s e x c l u s i v e l y d i s t r i b u t e d t o t h e i n t e g u 

m e n t , as i s s h o w n i n t h e t a b l e , 3 a n d t h e s p e c i a l d i s t r i b u t i o n "of 

t h e b r a n c h e s g i v e n o f f b y t h i s n e r v e t o t h e i n t e g u m e n t o f t h e 

h a n d h a s b e e n a l r e a d y d i s c u s s e d a t s o m e l e n g t h i n a p r e v i o u s 

l e c t u r e . 8 

T h e m u s c u l o - s p i r a l n e r v e g i v e s a n a r t i c u l a r f i l a m e n t t o t h e 

w r i s t j o i n t , b y m e a n s o f i t s p o s t e r i o r i n t e r o s s e o u s b r a n c h ; 

a n d , p r o b a b l y , some f i l a m e n t s a l so t o t h e e l b o w j o i n t , i f 

w e a c c e p t t h e g e n e r a l l a w o f n e r v e d i s t r i b u t i o n g i v e n b y 

H i l t o n , so o f t e n q u o t e d i n t h e p r e c e d i n g l e c t u r e s o f t h i s 

cou r se . 

W e a r e n o w p r e p a r e d t o e x a m i n e , w i t h a d v a n t a g e , t h e d i a 

g r a m m a t i c p l a t e s , 4 i n w h i c h t h e r e g i o n s s u p p l i e d b y t h e d i f 

f e r e n t n e r v e s o f t h e u p p e r e x t r e m i t y a r e e x h i b i t e d m o r e 

c l e a r l y t h a n a v e r b a l d e s c r i p t i o n c o u l d a l o n e a f f o r d . T h e y 

1 Sec page 384 of this volume. 2 See page 384 of this volume. 
3 See page 402 of this volume. 4 Sec cuts on pages 396 and 411 of this volume. 
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w i l l p r o v e o f g r e a t a s s i s t a n c e i n s t u d y i n g t h e t a b l e s 1 i n 

w h i c h t h e b r a n c h e s o f t h e i n d i v i d u a l n e r v e s a r e c l a s s i f i e d . 

FIG. 153.—A diagram of the regions of cutaneous nerve distribution on the posterior sur
face of the upper extremity and trunk. 

18, region supplied by the second dorsal nerve ; 19, region supplied by the supra-scapular 
nerve; 20, region supplied by the circumflex nerve ; 21, region supplied by the inter
costo-humeral nerve : 22, region supplied by the external cutaneous nerve; 23, region 
supplied by the interned cutaneous branch of the musculo-spiral nerve ; 24, region 
supplied by the " nerve of Wrisberg ;" 25, region supplied by the lateral branches 
of the intercostal nerves; 26, region supplied by the internal cutaneous nerve ; 27, re
gion supplied by the musculo-cutaneous nerve ; 28, region supplied by the iliac branch 
of the ilio-inguinal nerve; 29, region supplied by the radial nerve; 30, region sup
plied by the ulnar nerve. 

This diagram limits the distribution of each nerve with 

more positiveness than can be well verified, since the cuta-
1 See tables on pages 383, 384, and 385 of this volume. 
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n e o n s f i l a m e n t s o f t w o n e r v e s m a y s u p p l y t h e borders o f a n y 

o f t hese r e g i o n s , as t h e n e r v e s t e n d t o o v e r l a p e a c h o t h e r . I t 

i s n o t w e l l , t h e r e f o r e , t o r e l y p o s i t i v e l y u p o n t h e b o r d e r l i m i t s 

o f a n y r e g i o n i n y o u r e n d e a v o r s t o d e t e c t anaesthesia , s h o u l d 

y o u s u s p e c t a p a r a l y t i c c o n d i t i o n o f a n y s p e c i a l n e r v e , a n d 

seek t h i s m e a n s o f c o n f i r m i n g y o u r d i a g n o s i s . 

T h e r u l e o f H i l t o n w o u l d n a t u r a l l y cause u s t o e x p e c t t h a t 

t h e m u s c l e s s u p p l i e d b y a n y s p e c i a l n e r v e w o u l d a c t as a 

g u i d e i n d e t e r m i n i n g t h e s o u r c e o f t h e c u t a n e o u s n e r v e s u p p l y 

o v e r t h e p o i n t s o f a t t a c h m e n t s o f t h o s e m u s c l e s ; a n d w e a re 

n o t d i s a p p o i n t e d w h e n w e e x a m i n e c l o s e l y t h e a r e a o f c u t a 

n e o u s d i s t r i b u t i o n o f t h e m u s c u l o - s p i r a l n e r v e . T h i s n e r v e 

» s u p p l i e s t h e s u p i n a t o r s o f t h e h a n d , t h e e x t e n s o r m u s c l e s o f 

t h e e l b o w j o i n t a n d o f t h e w r i s t j o i n t , a n d t h e e x t e n s o r m u s 

cles o f t h e f i n g e r s a n d t h e t h u m b ; h e n c e w e f i n d t h e s k i n 

o v e r these g r o u p s o f m u s c l e s s u p p l i e d , t o a g r e a t e x t e n t , b y 

t h e same n e r v e w h i c h a f f o r d s m o t o r p o w e r t o t h e m u s c l e s u n 

d e r n e a t h . T h i s f a c t w i l l t h u s h e l p y o u t o r e m e m b e r t h e area 

o f d i s t r i b u t i o n o f a n y n e r v e t o t h e s k i n b y a p r o c e s s o f rea

s o n i n g b a s e d u p o n t h e m u s c l e s w h i c h a r e s u p p l i e d b y t h e same 

n e r v e , a n d t h e n u m e r o u s e x a m p l e s , a l r e a d y q u o t e d i n c o n f i r 

m a t i o n o f t h i s g e n e r a l l a w , p r o v e t h a t t h e d e d u c t i o n d r a w n 

f r o m i t i s , i n a l l cases, a p p r o x i m a t e l y a c c u r a t e . 

CLINICAL POINTS PERTAINING TO THE MUSCULO-SPIRAL NERVE. 

T h e m u s c u l o - s p i r a l n e r v e i s m o r e f r e q u e n t l y a f f e c t e d w i t h 

p a r a l y s i s t h a n a n y o f t h e n e r v e s o f t h e u p p e r e x t r e m i t y . I t 

i s p a r t i c u l a r l y l i a b l e t o b o t h p e r i p h e r a l a n d c e n t r a l causes o f 

p a r a l y s i s ; t h u s , i n c e r e b r a l h e m i p l e g i a , t h e m u s c l e s s u p p l i e d 

b y t h i s n e r v e are , p e r h a p s , m o r e c o m m o n l y a f f e c t e d t h a n t h o s e 

s u p p l i e d b y a n y o t h e r n e r v e , w h i l e p a r a l y s i s o f t he se m u s c l e s 

i s c o m m o n as t h e r e s u l t o f c h i l l i n g o f t h e u p p e r e x t r e m i t y , 

t r a u m a t i s m , a n d l e a d p o i s o n i n g . 

T h e a n a t o m i c a l s i t u a t i o n o f t h e m u s c u l o - s p i r a l n e r v e a n d 

t h e p e c u l i a r i t y o f i t s c o u r s e a r o u n d t h e h u m e r u s p r o b a b l y e x 

p l a i n t h e f r e q u e n t o c c u r r e n c e o f p a r a l y s i s , s i n c e i t m a y be 

e a s i l y c o m p r e s s e d b y s l e e p i n g u p o n t h e a r m . I t i s c o m m o n 
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t o m e e t w i t h t h i s t y p e o f p a r a l y s i s i n p a t i e n t s w h o h a v e u s e d 

t h e i r a r m as a p i l l o w , o r i n d r u n k a r d s w h o h a v e s l e p t i n s o m e 

c o n s t r a i n e d p o s i t i o n u p o n b e n c h e s , s t eps , e t c . P e r s o n s w h o 

h a v e f a l l e n e x h a u s t e d a n d h a v e r e s t e d u p o n t h e a r m , a n d s o l 

d i e r s w h o l i a v e s l e p t u p o n t h e d a m p g r o u n d , o f t e n a r i s e w i t h 

t h i s f o r m o f p a r a l y s i s . I t i s s t a t e d b y B r e n n e r 1 t h a t t h e c o a c h 

m e n o f R u s s i a , w h o a r e f n t h e h a b i t o f s l e e p i n g u p o n t h e b o x 

w i t h t h e r e i n s w o u n d a r o u n d t h e u p p e r a r m , a r e v i c t i m s t o 

t h i s c o n d i t i o n ; a n d B a c h o n 2 r e p o r t s t h e s a m e r e s u l t as c o m 

m o n a m o n g t h e w a t e r - c a r r i e r s o f R e n n e s , s i n c e t h e y p a s s t h e i r 

a r m t h r o u g h t h e h a n d l e o f t h e h e a v y w a t e r - p a i l s t o m o r e se

c u r e l y c o m p r e s s t h e m a g a i n s t t h e c h e s t . T h e h a b i t o f t h e 

R u s s i a n s o f t i g h t l y b a n d a g i n g t h e a r m s o f i n f a n t s t o t h e b o d y , 

a n d a l l o w i n g t h e m t o s l e e p u p o n o n e s i d e f o r l o n g i n t e r v a l s , 

s eems t o p r o m o t e t h e f r e q u e n t o c c u r r e n c e o f t h i s t r o u b l e . 

A m o n g t h e o t h e r f o r m s o f t r a u m a t i s m w h i c h c o n d u c e 

t o w a r d t h i s f o r m o f p a r a l y s i s m a y b e m e n t i o n e d t h e u s e o f 

p o o r l y p a d d e d c r u t c h e s , t h e k i c k s o f a n i m a l s , c u t s , s t a b 

w o u n d s , f r a c t u r e s o f t h e h u m e r u s , d i s l o c a t i o n o f t h e h u m e r u s 

a t t h e s h o u l d e r j o i n t , a n d t h e d e v e l o p m e n t o f a n e x c e s s i v e 

a m o u n t o f c a l l u s a f t e r a f r a c t u r e . 

R h e u m a t i c a f f e c t i o n s a n d a n e u r i t i s o f t h e m u s c u l o - s p i r a l 

n e r v e a r e r e p o r t e d as causes b y B e r n h a r d t a n d o t h e r s ; a n d 

cases o f h y s t e r i c a l o r i g i n h a v e b e e n r a r e l y b u t p o s i t i v e l y a u 

t h e n t i c a t e d . 

F i n a l l y , l e a d p o i s o n i n g m u s t b e m e n t i o n e d as o n e o f t h e 

m o s t c o m m o n causes o f p a r a l y s i s o f t h e m u s c l e s s u p p l i e d b y 

t h e m u s c u l o - s p i r a l n e r v e . T h e e x i s t e n c e o f t h i s f o r m o f p o i 

s o n i n g w i l l h a v e g e n e r a l l y b e e n i n d i c a t e d , p r e v i o u s t o t h e a p 

p e a r a n c e o f p a r a l y s i s , b y c o l i c , j a u n d i c e , a n d a r t h r a l g i a , as 

t h e m u s c l e s a r e s e l d o m a f f e c t e d u n t i l t h e l a t t e r s tages . T h e 

e x t e n s o r c o m m u n i s d i g i t o r u m m u s c l e i s u s u a l l y a f f e c t e d f i r s t , 

a n d t h e p a r a l y s i s g r a d u a l l y e x t e n d s t o t h e o t h e r m u s c l e s s u p 

p l i e d b y t h e m u s c u l o - s p i r a l n e r v e . T h e m u s c l e s o f t h e a r m 

a r e m u c h less f r e q u e n t l y a f f e c t e d t h a n t h o s e o f t h e h a n d a n d 

f o r e a r m ; b u t , i n s eve re cases, t h e m u s c l e s o f t h e u p p e r a r m , 
1 As quoted by Eib. 2 As quoted by Erb. 
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s h o u l d e r , a n d e v e n t h o s e o f t h e l o w e r e x t r e m i t y , m a y b e c o m e 

i n v o l v e d . 

I t i s d i f f i c u l t as y e t t o e x p l a i n t h e a p p a r e n t p r e d i s p o s i t i o n 

o f l e a d p o i s o n i n g t o a f f e c t t h e m u s c l e s o f t h e m u s c u l o - s p i r a l 

r e g i o n i n p r e f e r e n c e t o t h e flexor m u s c l e s . G o m b a u l t , B e r n 

h a r d t , W e s t p h a l , B i i r w i n k e l , H i t z i g , a n d L a n c e r e a u x h a v e 

g i v e n s p e c i a l a t t e n t i o n t o t h e s u b j e c t , a n d a r r i v e d a t n o c o m 

m o n g r o u n d u p o n w h i c h t h e y c a n a l l ag ree . T h e c o n d i 

t i o n has b e e n e x p l a i n e d as t h e r e s u l t o f a v e n o u s s tas i s ( H i t 

z i g ) , a n d as t h e r e s u l t o f a r t e r i a l i s c h e m i a ( B a r w i n k e l ) ; b o t h 

o f w h o m r e g a r d t he se c o n d i t i o n s as f a v o r i n g t h e d e p o s i t i o n 

o f l e a d i n t h e m u s c l e s o f t h e e x t e n s o r r e g i o n o f t h e f o r e 

a r m . P e r i p h e r a l n e r v e d e g e n e r a t i o n h a s b e e n c l a i m e d as 

t h e e x p l a n a t i o n o f t h e p a r a l y t i c s y m p t o m s b y G o m b a u l t , 

W e s t p h a l , a n d L a n c e r e a u x , a n d i n t h i s v i e w t h e i n v e s t i g a 

t i o n s o f N e u m a n , E r b , a n d E i c h h o r s t c o i n c i d e . W h e t h e r a 

s p i n a l o r i g i n w i l l be y e t d e t e r m i n e d w h i c h w i l l e x p l a i n t h e 

m u s c u l a r c h a n g e s a n d t h e loss o f p o w e r , i s y e t t o b e d e c i d e d 

b y f u r t h e r p a t h o l o g i c a l r e s e a r c h . 

T h e s y m p t o m s w h i c h c h a r a c t e r i z e t h i s t y p e o f p a r a l y s i s 

h a v e s u c h a d i s t i n c t i v e f o r m as t o b e e a s i l y r e c o g n i z a b l e b y 

t h e p h y s i c i a n a t t h e v e r y first g l a n c e . A r e f e r e n c e t o t h e 

t a b l e w h i c h s h o w s t h e d i s t r i b u t i o n o f t h e m u s c u l o - s p i r a l 

n e r v e t o m u s c l e s 1 w i l l h e l p t o e x p l a i n t h e m . W e see t h a t 

t h i s n e r v e sends filaments t o t h e t r i c e p s a n d b r a e h i a l i s a n t i c u s 

m u s c l e s i n t h e a r m , a n d t o a l l t h e e x t e n s o r m u s c l e s o f t h e 

f o r e a r m . I n a c c o r d a n c e w i t h t h i s d i s t r i b u t i o n , t h e h a n d i s 

k e p t i n a s t a te o f flexion w h e n t h i s n e r v e i s p a r a l y z e d , a n d 

c a n n o t be r a i s e d o r e x t e n d e d ; t h e t h u m b i s flexed a n d a d -

d u c t e d ; a n d t h e fingers a re flexed a n d c o v e r t h e t h u m b . 

W h e n t h e p a t i e n t a t t e m p t s t o e x t e n d t h e fingers, t h e i n t e r o s 

se i a n d l u m b r i c a l e s m u s c l e s a l o n e c a n b e m a d e t o ac t , a n d 

t he se m u s c l e s , as has b e e n m e n t i o n e d b e f o r e , c a n o n l y e x t e n d 

t h e t w o t e r m i n a l p h a l a n g e s w h i l e t h e y flex t h e b a s a l p h a l a n x . 2 

1 Sec page 384 of this volume. 
2 The explanation of this fact lies in the insertion of the tendons of these muscles 

into the tendons of the common extensor of the fingers. 
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T h e t h u m b a n d t h e i n d e x finger c a n n o t b e e x t e n d e d o r 

a b d u c t e d ; t h e p a t i e n t c a n n o t s u p i n a t e t h e h a n d w h e n t h e 

f o r e a r m i s e x t e n d e d ( t h i s p o s i t i o n b e i n g a s s u m e d i n o r 

d e r t o e x c l u d e t h e a c t i o n o f t h e b i c e p s m u s c l e ) , n o r c a n 

t h e f o r e a r m b e h a l f b e n t a n d t h e h a n d h a l f s u p i n a t e d b y 

t h e s u p i n a t o r l o n g u s m u s c l e ; a n d , finally, w h e n t h e p a t i e n t 

i s i n s t r u c t e d t o flex t h e f o r e a r m , w h e n p l a c e d i n a p o s i t i o n 

o f h a l f flexion a n d s e m i - p r o s t r a t i o n , t h e s u p i n a t o r l o n g u s 

m u s c l e l i e s flaccid, a n d d o e s n o t b e c o m e t e n s e a n d h a r d as 

i n h e a l t h . T h e l o s s o f p o w e r i n t h e t r i c e p s m u s c l e r e n 

d e r s i t i m p o s s i b l e f o r t h e p a t i e n t t o e x t e n d t h e f o r e a r m 

u p o n t h e a r m w h e n t h e a r m i s first r a i s e d a b o v e t h e h e a d ; 

n o r c a n t h e f o r e a r m b e e x t e n d e d w i t h t h e s a m e d e g r e e o f 

f o r c e as t h e h e a l t h y s i d e i n a n y p o s i t i o n o f t h e a r m . 

W h e n t h e h a n d i s l a i d u p o n t h e t a b l e , t h e p a t i e n t i s u n 

a b l e t o r a i s e t h e h a n d f r o m c o n t a c t w i t h i t , b u t t h e l a t e r a l 

m o v e m e n t s o f t h e fingers c a n b e p e r f o r m e d as i n h e a l t h , 

FIG. 154.—The motor points on the outer aspect of the arm. 
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s ince these m o v e m e n t s a r e c o n t r o l l e d b y t h e i n t e r o s s e i m u s 

cles. T h e a c t i o n o f t h e flexor m u s c l e s o f t h e w r i s t seems 

f e e b l e , s ince t h e a n t a g o n i s t i c a c t i o n o f t h e e x t e n s o r s does n o t 

a f f o r d a f i x e d p o i n t o f a c t i o n ; b u t , i f t h e w r i s t b e f o r c i b l y 

e x t e n d e d a n d fixed, i t w i l l b e seen t h a t t h e w r i s t flexors a re 

n o t p a r a l y z e d . 

T h i s f o r m o f p a r a l y s i s i n t e r f e r e s w i t h a l m o s t a l l o f t h e n u 

m e r o u s e m p l o y m e n t s o f d a i l y l i f e , s i nce t h e f u n c t i o n s o f t h e 

h a n d a re m o s t s e r i o u s l y i m p a i r e d . T h e p a t i e n t c a n n o t w e l l 

h o l d o r g r a s p a n y t h i n g , o n a c c o u n t o f t h e i n a b i l i t y t o p e r f o r m 

7 8 

1 2 3 4 5 6 
FIG. 155.—The motor points on the inner side of the arm. 

1, m. internal head of triceps ; 2, musculo-cutaneous nerve ; 3, median nerve ; 4, m. 
coraco-brachialis ; 5, ulnar nerve ; 6, branch of median nerve for pronator radii 
teres; 7, musculo-cutaneous nerve ; 8, m. biceps flexor cubiti. 

the extension of the thumb or fingers ; and the impairment 

o f t h e s u p i n a t o r s s t i l l f u r t h e r a d d s t o t h e use lessness o f t h e 

h a n d . T h e r e g i o n s o f t h e i n t e g u m e n t s u p p l i e d b y t h e m u s 

c u l o - s p i r a l n e r v e e x h i b i t m o r e o r less anaes thes ia , a l t h o u g h 

t h e e x t e n t o f t h i s s y m p t o m , l i k e t h a t o f t h e m u s c u l a r p a 

r a l y s i s , i s m o d i f i e d b y t h e h e i g h t o f t h e l e s i o n , w h i c h a f f e c t s 

t h e n e r v e as w e l l as b y i t s c h a r a c t e r . I n s o m e cases, e x t e n 

s ive m o t o r p a r a l y s i s m a y b e p r e s e n t w i t h o u t a n y m a r k e d 
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d i s t u r b a n c e o f s e n s i b i l i t y ; t h i s c a n o n l y b e e x p l a i n e d b y 

t h e x > r e s e n c e o f a n a s t o m o s i s b e t w e e n t h e c u t a n e o u s n e r v e s 

FIG. 156.— Tlic motor points on the extensor (posterior) asp)cct of the forearm. 
1, m. supinator longus; 2, m. extensor carpi rad. longior ; 3, in. extensor carpi rad. bre-

vior; 4, 5, m. extensor communis digitorum; 6, m. extensor ossis. met. pol.; 7, m. 
extensor primi. internod. pol.; 8, m. first dorsal interosseous; 9, m. second dorsal 
interosseous; 10, m. third dorsal interosseous; 11, m. extensor carpi ulnaris; 12, m. 
extensor min. digiti; 13, m. extensor secund. internod. pol.; 14, ffl. abduct, min. 
digiti; 15, m. fourth dorsal interosseous. 

of different origins, as was demonstrated by Tripier and Ar-

loing1 upon dogs. 

In the diagnosis of this type of paralysis, it is often diffi

cult to determine the exact nature and seat of the exciting 

1 As quoted by Erb. 
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cause. T h e m o s t c o m m o n causes a r e i n j u r y , p r e s s u r e , a n d 

l e a d p o i s o n i n g ; b u t t h e e x i s t e n c e o f e x c i t i n g n e u r i t i s , some 

FIG. 157.— Tlie motor points on the flexor (anterior) aspect of the forearm. 
1, median nerve and branch to m. pronator radii teres; 2, m. palmaris longus; 3, m. 

flexor carpi ulnaris : 4, m. flexor sublim. digit. ; 5, ulnar nerve; 6, m. flex, sublim. 
dig. ; 7, volar branch of the ulnar nerve ; 8, m. palmaris brcvis; 9, m. abductor min. 
digit.; 10, m. flexor min. digit. ; 11, m. opponens min. digit.; 12, 13, m. lumbricales; 
14, m. flexor carpi radialis ; 15, m. flexor profund. digitorum ; 16, m. flexor sublim. 
dirntorum; 17, m. flex, longus pollieis; 18, median nerve; 19, m. opponens pollieis; 
20, m. abductor pollieis; 21, m. flexor brevis pollieis; 22, m. adductor pollieis; 23, 
m. first lumbricalis. 

c e r e b r a l d isease , o r a n h y s t e r i c a l cause , m u s t b e e x c l u d e d o r 

d e t e r m i n e d b y t h e c o n c o m i t a n t s y m p t o m s . W h e n t h e p a r a l -
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y s i s i s d u e t o l o c a l c o m p r e s s i o n , t h e t r i c e p s m u s c l e i s n o t u s u 

a l l y a f f e c t e d , a n d t h e s a m e s t a t e m e n t a p p l i e s t o t h e r h e u m a t i c 

f o r m , w h i l e i n b o t h o f t h e s e t y p e s t h e d i s t u r b a n c e o f s e n s i 

b i l i t y i s m o s t f r e q u e n t l y c o n f i n e d t o t h e h a n d a l o n e . I n l e a d 

p a r a l y s i s , t h e s u p i n a t o r b r e v i s m u s c l e r e m a i n s u n a f f e c t e d 

u n t i l l a t e i n t h e d i sease , a n d t h e s u p i n a t o r l o n g u s m u s c l e 

i s r a r e l y i n v o l v e d , e v e n i n s e v e r e f o r m s o f p o i s o n i n g . W h i l e 

t h i s c a n n o t b e t a k e n as a n a b s o l u t e s i g n , i t i s a m o s t 

v a l u a b l e p o i n t i n d i a g n o s i s , a n d s h o u l d b e a l w a y s r e m e m 

b e r e d . I n a d d i t i o n t o t h e m u s c u l a r p a r a l y s i s , l e a d p o i s o n 

i n g i s o f t e n a c c o m p a n i e d b y m u s c u l a r a t r o p h y a n d s w e l l 

i n g o f t h e v e i n s u p o n t h e e x t e n s o r s i d e o f t h e f o r e a r m ; 

w h i l e t e n d i n o u s s w e l l i n g s a r e f r e q u e n t l y d e t e c t e d i n t h e 

r e g i o n o f t h e w r i s t . 

T h e d u r a t i o n o f p a r a l y s i s o f t h e m u s c u l o - s p i r a l n e r v e d e 

p e n d s l a r g e l y u p o n t h e e x c i t i n g cause . L e a d p o i s o n i n g p r o 

d u c e s , i n a l l cases, a n e x c e e d i n g l y s l o w a n d o b s t i n a t e f o r m o f 

t r o u b l e , a n d t h e p a r a l y s i s m a y b e i n c u r a b l e ; " c r u t c h p a r a l y 

s i s " u s u a l l y r e c o v e r s s p e e d i l y , i f t h e p r e s s u r e b e d i s c o n t i n u e d ; 

t r a u m a t i c p a r a l y s i s , i f t h e i n j u r y b e severe , f o l l o w s a p r o t r a c t 

e d c o u r s e ; w h i l e t h o s e cases w h i c h d e p e n d u p o n c e r e b r a l 

o r i g i n a r e m o d i f i e d , as t o t h e i r c o u r s e a n d t e r m i n a t i o n , b y t h e 

c h a r a c t e r o f t h e e x c i t i n g l e s i o n . 

THE DORSAL NERVES. 

The nerves of the dorsal region are twelve in number upon 

e a c h s i d e o f t h e t r u n k . T h e y e scape f r o m t h e v e r t e b r a l c a n a l 

b y m e a n s o f f o r a m i n a b e t w e e n t h e d o r s a l v e r t e b r a e , a n d a r e 

c o n n e c t e d t o c o r r e s p o n d i n g g a n g l i a o f t h e s y m p a t h e t i c n e r v e . 

E a c h d o r s a l n e r v e i s j o i n e d t o a g a n g l i o n o f t h e s y m p a t h e t i c , 

i m m e d i a t e l y a f t e r i t s e scape f r o m t h e f o r a m e n b e t w e e n t h e 

v e r t e b r a e , b y t w o s m a l l a n d s h o r t filaments ; h e n c e , t h e r e a r e 

f r e q u e n t p o i n t s o f c o m m u n i c a t i o n b e t w e e n t h e c e r e b r o - s p i n a l 

a n d s y m p a t h e t i c s y s t e m s o f n e r v e s t h r o u g h o u t t h e l e n g t h o f 

t h e v e r t e b r a l c o l u m n . A s h a s b e e n s t a t e d i n a p r e v i o u s l ec 

t u r e , t h e first d o r s a l n e r v e ass i s t s t o f o r m t h e b r a c h i a l p l e x u s , 
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a n d c a n t h e r e f o r e b e p r o p e r l y c l a s sed as o n e o f t h e n e r v e s o f 

t h e n p p e r e x t r e m i t y r a t h e r t h a n a n e r v e o f t h e t r u n k ; t h e 

r e m a i n i n g n e r v e s o f t h i s r e g i o n a re d i s t r i b u t e d e n t i r e l y t o 

t h e p a r i e t e s o f t h e t h o r a x , t h e a d j a c e n t p l e u r a , a n d t h e i n 

t e g u m e n t c o v e r i n g t h e f r o n t , s ides , a n d b a c k o f t h e ches t , 

a n d t h e u p p e r p a r t o f t h e a b d o m e n . 

T h e t a b l e w h i c h I n o w s h o w y o u i s d e s i g n e d t o m a k e t h e 

g e n e r a l d i s t r i b u t i o n o f t h e d o r s a l n e r v e s ea sy o f c o m p r e h e n 

s i o n , a n d t o ass is t i n r e v i e w i n g t h e c h i e f p o i n t s o f i n t e r e s t 

w h i c h a re p r e s e n t e d i n c o n n e c t i o n w i t h t h e n e r v e s o f t h i s 

r e g i o n . 

NERVES OF THE DORSAL REGION. 

POSTERIOR 
DIVISIONS. 

DORSAL 
NERVES. [ 

ANTERIOR 
DIVISIONS. 

Internal 
branches. 

External , 
branches ' 

Six 
upper or 
thoracic 

intercos-
tals. 

Six 
lower or 
thoracico-
abelomi-

nal inter-
costals. 

In upper 
six 

nerves. 

In the 
lower six 
nerves. 

In upper 
six 

nerves. 
In the 

lower six 
nerves. 

Muscular 
branches. 

Lateral 
cutane

ous. 

Anterior 
cutane

ous. 
Muscular 
branches. 

Lateral 
cutaneous. 

Anterior 
cutaneous. 

Filaments to transversalis colli, 
Filaments to longissimus dorsi, 
Filaments to trachelo-mastoid, 
Filaments to levatores costarum, 
Filaments to sacro-lumbalis, 
Filaments to aceessorius. 
Same muscles as in preceding 

bracket, 
Integument of the back. 
Filaments to semispinalis dorsi, 
Filaments to multifidus spinae, 
Integument of back. 
Same muscles as in preceding 

bracket, 
No cutaneous filaments. 
Intercostals, 
Triangularis sterni. 
Integument of chest and mamma?, 
Upper part of external oblique 

muscle, 
Integument over upper part of latis

simus dorsi and the scapular re
gion. 

/ Integument of mamma? and side of 
t the chest. 
\ Intercostals, 
{ Abdominal muscles. 

Integument of abdomen, as far as 
the edge of rectus, 

Integument over lower part of latis
simus dorsi. 

Upper part of rectus and integu
ment in front part of abdomen. 

I t w i l l be p e r c e i v e d t h a t t h e s e n e r v e s , l i k e t h o s e o f t h e 

c e r v i c a l r e g i o n , d i v i d e i n t o a n t e r i o r a n d p o s t e r i o r b r a n c h e s , 

i n t h e i m m e d i a t e v i c i n i t y o f t h e v e r t e b r a l c o l u m n . T h e p o s 

t e r i o r d i v i s i o n s s u p p l y t h e m u s c l e s o f t h e b a c k a n d t h e i n -
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t e g u m e n t w h i c h c o v e r s t h a t r e g i o n , w h i l e t h e a n t e r i o r d i v i s 

i o n s s u p p l y t h e m u s c l e s o f r e s p i r a t i o n a n d s o m e o f t h e 

X 3 

FIG. 15S.— The intercostal nerves. (Masse.) 
The pectoralis major and minor muscles are removed. The obliquus externus and rectus 

abdominis are divided, and removed in some places. 
1, axillary vein: the artery is removed; 2, portion of the brachial plexus and two tho

racic branches ; 3, brachial twig of the first intercostal nerve ; 4, brachial twig of the 
second intercostal nerve; 5, inosculation between two branches; 6, division of an 
intercostal branch into 7, a superficial branch, and 8, a deep branch; 9, gluteal 
branch of the twelfth intercostal nerve; 10, termination of the ilio-scrotal braneh 
of the lumbar plexus ; 11, inguino-cutaneous branch; 12, twig of the genito crural 
branch; 13, 13, portions of the deep nerves after they have become superficial. 

abdominal muscles, and the integument of the chest, loins, 

and abdomen. The intercostal nerves are formed entirely 
29 
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f r o m t h e a n t e r i o r d i v i s i o n s ; t h o s e a r i s i n g f r o m t h e u p p e r 

h a l f o f t h e d o r s a l r e g i o n b e i n g c a l l e d t h e ' ' t h o r a c i c ' ' i n t e r c o s 

t a l s , w h i l e t h e l o w e r s i x n e r v e s a r e c a l l e d t h e ' ' t h o r a c i c o -

a b d o m i n a l ' ' i n t e r c o s t a l n e r v e s . 

T h e f i r s t a n d l a s t d o r s a l n e r v e s a r e s o m e w h a t p e c u l i a r i n 

t h e i r d i s t r i b u t i o n , a n d dese rve a s p e c i a l d e s c r i p t i o n . T h e f i r s t 

d o r s a l n e r v e h a s n o l a t e r a l c u t a n e o u s b r a n c h , s i nce t h e b r a n c h 

w h i c h c o r r e s p o n d s t o t h e l a t e r a l c u t a n e o u s b r a n c h o f t h e 

o t h e r n e r v e s i s o f l a r g e size, a n d e n t e r s i n t o t h e f o r m a t i o n o f 

t h e b r a c h i a l p l e x u s . T h e c o n t i n u a t i o n o f t h i s n e r v e a l o n g 

t h e f i r s t i n t e r c o s t a l space i s o f s m a l l size, a n d e n d s i n t h e a n 

t e r i o r c u t a n e o u s n e r v e . 

T h e l a s t d o r s a l n e r v e i s t h e l a r g e s t o f t h e t w e l v e , a n d i s 

u s u a l l y c o n n e c t e d w i t h t h e f i r s t l u m b a r n e r v e b y a f i l a m e n t 

c a l l e d t h e " d o r s o - l u m b a r " n e r v e , w h i c h de scends i n t h e 

s u b s t a n c e o f t h e q u a d r a t u s l u m b o r u m m u s c l e . I t c o m 

m u n i c a t e s a l so w i t h t h e h y p o g a s t r i c b r a n c h o f t h e i l i o - h y -

p o g a s t r i c n e r v e (a b r a n c h o f t h e l u m b a r p l e x u s ) , b e t w e e n 

t h e i n t e r n a l o b l i q u e a n d t r a n s v e r s a l i s m u s c l e s o f the" ab

d o m e n . I t s l a t e r a l c u t a n e o u s b r a n c h i s v e r y l a r g e , a n d i s 

d i s t r i b u t e d t o t h e i n t e g u m e n t o f t h e f r o n t p a r t o f t h e g l u t e a l 

r e g i o n . 

T h e d i s t r i b u t i o n o f t h e d o r s a l n e r v e s t o t h e costal layer of 

tlie pleura i s n o t s p e c i a l l y d e s i g n a t e d i n t h e t a b l e , 1 b u t i t i s a 

f a c t o f g r e a t p h y s i o l o g i c a l i n t e r e s t . H i l t o n d r a w s a n a n a l o g y 

b e t w e e n t h e p l e u r a a n d a s y n o v i a l m e m b r a n e o f a j o i n t ; a n d 

t h e i n t e r c o s t a l m u s c l e s a re a l s o c o m p a r e d b y h i m t o t h o s e 

m o v i n g a j o i n t . T h u s t h i s a u t h o r a d d u c e s f u r t h e r p r o o f o f 

h i s g e n e r a l l a w o f n e r v e d i s t r i b u t i o n , s i n c e t h e s k i n o f t h e 

ches t , t h e i n t e r c o s t a l m u s c l e s , a n d p l e u r a a r e s u p p l i e d f r o m 

t h e same sou rce . I n p u r s u i n g t h i s s a m e l i n e o f r e a s o n i n g 

( a n d t h e a n a l o g y i s n o t a s t r a i n e d o n e f r o m a p h y s i o l o g i c a l 

s t a n d p o i n t ) , t h e a b d o m i n a l m u s c l e s m i g h t a l s o be i n c l u d e d 

a m o n g t h e l i s t o f m u s c l e s w h i c h m o v e t h e r i b s ; a n d t h e n e r v e 

s u p p l y t o t h e m a l so w o u l d t h e r e b y be e x p l a i n e d b y t h i s s a m e 

a x i o m , v i z . , t h a t t h e n e r v e s w h i c h s u p p l y a j o i n t s u p p l y t h e 

1 See page 420 of this volume. 
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m u s c l e c w h i c h , m o v e i t a n d t h e s k i n o v e r t h e i n s e r t i o n s o f 

t h o s e m u s c l e s . 

I t s h o u l d b e r e c o l l e c t e d t h a t s o m e o f t h e f i l a m e n t s d e r i v e d 

FIG. 159.— The nerves situated on the posterior part of the trunk. (Masse.) 
Portions of the trapezius, splenius, complexus, trachelo-mastoideus, latissimus dorsi, and 

gluteus maximus muscles, etc., etc., are removed. 
1, 1, 1, posterior twigs of the superficial branches of the intercostal nerves; 2, posterior 

branch of the first cervical nerve, or sub occipital; 3, posterior branch of the second 
cervical nerve; 4, inosculation of this branch with the great mastoid branch; 5, 5, 
posterior branches of two cervical nerves ; 6, intercostal branch ; 7, external twig of a 
dorsal branch ; 8, internal twig of a dorsal branch ; 9, posterior branch of a lumbar 
nerve ; 10, posterior branch of a sacral nerve. 
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from tlie upper intercostal nerves cross the axillary space 

a n d s u p p l y t h e i n t e g u m e n t o f t h e a r m . T h e " n e r v e o f W r i s 

b e r g , " w h i c h h a s b e e n d e s c r i b e d i n c o n n e c t i o n w i t h t h e c u t a 

n e o u s n e r v e s o f t h e a r m , i s p e r h a p s t h e m o s t i m p o r t a n t o f 

these b r a n c h e s . I t m a y t h u s be u n d e r s t o o d w h y t h e p a i n o f 

p l e u r i t i c i n f l a m m a t i o n m a y be c a r r i e d t o a n d f e l t i n t h e r e g i o n 

o f t h e a x i l l a a n d i n n e r a r m , a n d w h y d i s t i n c t p o i n t s o f t e n d e r 

ness t o p r e s s u r e m a y s o m e t i m e s b e d e t e c t e d i n t h e s e r e g i o n s 

w h e n t h e d isease i s c o n f i n e d t o t h e t r u n k . 

CLINICAL POINTS PERTAINING TO THE DORSAL NERVES. 

F r o m t h e s u g g e s t i o n s t h r o w n o u t as t o t h e p h y s i o l o g i c a l 

i m p o r t a n c e o f n e r v e d i s t r i b u t i o n , a n d f r o m t h e f a c t t h a t t h e 

p l e u r a i s s u p p l i e d f r o m t h e s a m e n e r v e s o u r c e s as t h e r e s p i r a 

t o r y m u s c l e s a n d t h e i n t e g u m e n t o f t h e ches t , a b d o m e n , a n d 

i n n e r a r m , s o m e i m p o r t a n t c l i n i c a l l e s sons m a y b e d r a w n . 

P a t i e n t s s u f f e r i n g f r o m p l e u r i s y f e e l a p a i n i n t h e c o s t a l 

m u s c l e s w h i c h c o m p e l s r e s t r i c t e d m o v e m e n t o f t h e r i b s , a n d 

w h i c h l i m i t s t h e r e s p i r a t o r y f u n c t i o n l a r g e l y t o t h e d i a p h r a g m . 

N o w , t hese p a i n f u l c r a m p s a n d s t i t c h e s a r e i n d e p e n d e n t o f 

t h e p a i n a r i s i n g a l o n e f r o m t h e i n f l a m e d p l e u r a l s u r f a c e , a n d 

t h e d i m i n u t i o n o f t h e r e s p i r a t o r y m o v e m e n t s i s d u e t o a p a r 

t i a l l y c o n t r a c t u r e d s t a t e o f t h e m u s c l e s o f t h e ches t , as i s de

m o n s t r a t e d b y t h e f a c t t h a t p a t i e n t s c a n n o t d r a w a l o n g b r e a t h 

i f a s k e d t o d o so ; hence , w e m a y r e a s o n a b l y c o n c l u d e t h a t 

N a t u r e h a s so d i s t r i b u t e d t h e n e r v e s t o t h e p l e u r a as t o en

a b l e t h a t s e rous m e m b r a n e t o c o n t r o l t h e m u s c l e s w h i c h 

c r ea t e m o v e m e n t o f t h e a d j a c e n t c o s t a l s u r f a c e s , a n d t h u s 

i n s u r e • i t s q u i e t u d e d u r i n g t h e s tages o f i n f l a m m a t i o n o r 

r e p a i r . I t i s w i s e l y s u g g e s t e d b y H i l t o n , i n t h i s c o n n e c t i o n , 

t h a t w e l e a r n a l e s s o n i n t h e t r e a t m e n t o f s u c h cases f r o m 

N a t u r e h e r s e l f , v i z . , u n e v e r t o a l l o w a p a t i e n t , s u f f e r i n g f r o m 

p l e u r i s y o r p n e u m o n i a , t o t a l k e x c e p t i n m o n o s y l l a b l e s , so as 

t o a v o i d a f u l l i n s p i r a t i o n . " 

T h e d i a g n o s t i c v a l u e o f p a i n i s w e l l e x e m p l i f i e d i n t h e 

r e g i o n o f t h e t h o r a x . P e r s i s t e n t p a i n s high up between the 

shoulders a r e s t r o n g l y i n d i c a t i v e o f d i seases o f t h e h e a r t , 
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a n e u r i s m o f t h e a r c h o f t h e a o r t a , s t r i c t u r e o f t h e o e s o p h a g u s , 

a n d a n y t h i n g w h i c h w o u l d t e n d t o c r e a t e p r e s s u r e w i t h i n t h e 

FIG. 160.—A diagram of the regions of cutaneous nerve distribution in the anterior sur
face of the upper extremity and trunk. (Modified from Flower.) 

1, region supplied by the supra-clavicular nerve (branch of the cervical plexus); 2, re
gion supplied by the circumflex nerve ; 3, region supplied by the intercosto-humeral 
nerve; 4, region supplied by the intercostal nerve (lateral branch); 5, region sup
plied by the lesser internal cutaneous nerve (nerve of Wrisberg); 6, region supplied 
by the musculo-spiral nerve (external cutaneous branch); 7, region supplied by the 
internal cutaneous nerve; 8, region supplied by the musculo-cutaneous nerve; 9, 
region supplied by the median nerve ; 10, region supplied by the ulnar nerve ; 11, 
region supplied by the intercostal nerve (anterior branch). 

posterior mediastinum.1 If we meet with persistent pain in 

the space lying between tlie middle of the scapula and the 
1 John Hilton, op. cit. 
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lumbar region of the spine, w e m a y h a v e g o o d g r o u n d t o sus

p e c t t h e e x i s t e n c e o f some disease o f t h e a b d o m i n a l d i g e s t i v e 

v i s c e r a , t h e p a i n b e i n g c a r r i e d t o t h e s u r f a c e p r o b a b l y b y 

m e a n s o f t h e s p l a n c h n i c n e r v e s . 1 I t i s n o t u n c o m m o n f o r 

d isease c o n f i n e d t o t h e t r a n s v e r s e c o l o n t o m a n i f e s t i t s e l f i n 

t h e f o r m o f p e r s i s t e n t p a i n i n t h e l o w e r i n t e r c o s t a l r e g i o n . 

T h e f r e q u e n t o c c u r r e n c e o f c a n c e r i n t h e m a m m a r y r e g i o n 

r e n d e r s i t s d e t e c t i o n o n e o f i m p o r t a n c e i n i t s e a r l y s tages , 

w h i l e , i n t h e l a t e r s tages, t h e p l e u r a a n d t h e g l a n d s o f t h e 

a x i l l a a n d m e d i a s t i n a e m a y b e s e c o n d a r i l y a f f e c t e d w i t h c an 

ce r t u b e r c l e s . N o w , i n t he se c o n d i t i o n s , t h e p r e s e n c e o f p a i n 

i n t h e b a c k , b e t w e e n t h e s h o u l d e r s , i n t h e s i d e o f t h e ches t , 

o r d o w n t h e i n n e r s i d e o f t h e a r m , m a y p o s s i b l y a f f o r d i n v a l u 

a b l e a i d i n d i a g n o s i s . 

T h e d i s t r i b u t i o n o f t h e sixth a n d seventh intercostal nerves 

t o t h e s k i n o v e r t h e ^ ? ^ of the stomach m a y b e a u s e f u l f a c t t o 

r e m e m b e r i n m a k i n g a d i a g n o s i s o f t h e cause o f p a i n i n t h a t 

r e g i o n , s ince , b y t r a c i n g t h e c o u r s e o f t he se t w o n e r v e s f r o m 

b e f o r e b a c k w a r d , a n d o b s e r v i n g t h e h e a l t h y o r u n h e a l t h y c o n 

d i t i o n o f t h e s t r u c t u r e s n e a r t o w h i c h t h e n e r v e s w o u l d pass— 

as t h e p l e u r a , r i b s , oesophagus , a o r t a , e t c . — w e m a y a t l a s t 

r e a c h t h e s p i n e as t h e seat o f t h e d i sease w h i c h i s p r o d u c i n g 

p a i n i n a r e g i o n f a r r e m o t e f r o m t h e cause t o w h i c h i t i s r e a l l y 

d u e . I t i s b y n o m e a n s u n c o m m o n f o r s p i n a l a f f e c t i o n s o f t h e 

m i d - d o r s a l r e g i o n t o m a n i f e s t t h e m s e l v e s b y a p a i n w h i c h i s 

d i s t r e s s i n g , a n d r e f e r r e d t o t h e p i t o f t h e s t o m a c h ; a n d s u c h 

a n o r i g i n i s r e n d e r e d s t i l l m o r e p r o b a b l e i f p r e s e n t o n b o t h 

s ides o f t h e m e d i a n l i n e , s ince s y m m e t r i c a l p a i n s a r e e s p e c i a l l y 

c h a r a c t e r i s t i c o f c e n t r a l o r i g i n . 3 S h o u l d s u c h a p a i n e x i s t , a n d 

a m a r k e d r e l i e f ensue w h e n t h e p a t i e n t i s i n a r e c u m b e n t 

p o s t u r e , t h e p r o b a b i l i t y o f s p i n a l o r i g i n i s s t i l l m o r e d i s t i n c t l y 

s u g g e s t e d . 
1 The great splanchnic nerve is connected above with the fourth, fifth, and sixth dorsal 

nerves, and below with the solar plexus and thence with the stomach, duodenum, liver, 
pancreas, and intestines. I t seems probable, therefore, that the pain experienced in the 
region of the scapula, by patients afflicted with diseases of the digestive organs, is refer
able in some way to the greater splanchnic nerve. • 

2 The reader is referred to the general axioms of nerve distribution, quoted on pages 
359, 3G0, and 3G1 of this volume. 
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I t l i a s b e e n s t a t e d i n p r e v i o u s l e c t u r e s t h a t p a i n s w h i c h a r e 

c o n f i n e d t o o n e s i d e o f t h e b o d y a r e u s u a l l y i n d i c a t i v e o f a n 

e x c i t i n g c a u s e w h i c h i s c o n f i n e d t o t h e s a m e s i d e , r a t h e r t h a n 

o f d i s e a s e d c o n d i t i o n s o f t h e c e n t r a l n e r v e g a n g l i a , I t i s 

t h e r e f o r e c u s t o m a r y , w i t h t h o s e m o s t f a m i l i a r w i t h t h e s t e p s 

n e c e s s a r y t o r e a c h a s c i e n t i f i c d i a g n o s i s , t o s e a r c h f o r s o m e 

c a u s e u p o n t h e s a m e s i d e o f t h e b o d y , i n case a p a i n e x i s t s 

w h i c h i s n o t s y m m e t r i c a l l y d e v e l o p e d u p o n b o t h s i d e s . I 

h a v e k n o w n t h e d i a g n o s i s o f a n e u r i s m w i t h i n t h e t h o r a x t o 

b e d i s c o v e r e d b y a p a i n , w h i c h w a s o n e - s i d e d , a n d w h i c h w a s 

t h e o n l y s y m p t o m w h i c h t h e p a t i e n t w a s c o n s c i o u s o f , w h e r e 

t h e e x i s t e n c e of . t h e t u m o r w o u l d p r o b a b l y h a v e g o n e o n u n 

d e t e c t e d b u t f o r t h i s v a l u a b l e g u i d e . A c o n s t a n t p a i n i n t h e 

b a c k i s o n e o f t h e m o s t p o s i t i v e s i g n s o f a n e u r i s m o f t h e coe i iac 

a x i s , a n d I q u e s t i o n i f t h e d i a g n o s i s o f a n e u r i s m o f t h e a b d o m 

i n a l a o r t a i n a n y p a r t o f i t s c o u r s e s h o u l d e v e r b e m a d e u n l e s s 

t h i s s y m p t o m c a n b e d e t e c t e d . 

P a i n i n t h e r e g i o n o f t h e pectoral muscle m a y i n d i c a t e s o m e 

cause r e f e r r e d e i t h e r t o t h e third o r f o u r t h cervical o r the first 

dorsal nerves ; h e n c e w e m u s t l o o k i n t w o d i f f e r e n t l o c a l i t i e s 

f o r t h e e x c i t i n g l e s i o n . T h e d i s t r i b u t i o n o f t h e c e r v i c a l n e r v e s 

t o t h e f a s c i a c o v e r i n g t h e a n t e r i o r p o r t i o n o f t h e c h e s t i s n o t 

s u f f i c i e n t l y w T e l l r e c o g n i z e d b y t h e p r o f e s s i o n a t l a r g e , a n d 

d o u b t l e s s m a n y cases h a v e • b e e n a s o u r c e o f a n x i e t y t o t h e 

p h y s i c i a n w h i c h c o u l d h a v e b e e n e a s i l y e x p l a i n e d , h a d t h i s 

p o i n t b e e n i m p r e s s e d u p o n t h e m . 

T h e d i s t r i b u t i o n o f t h e loiver intercostal nerves t o t h e i n 

t e g u m e n t c o v e r i n g t h e u p p e r p a r t o f t h e muscles of the abdo

men m a y b e u s e f u l i n d i a g n o s i s , s i n c e p a i n i n t h i s r e g i o n o f 

t h e a b d o m e n m a y b e c r e a t e d b y p r e s s u r e o f f l u i d i n t h e p l e u r a l 

c a v i t i e s , a n d b y o t h e r l e s i o n s s i t u a t e d a b o v e t h e l i n e o f t h e 

d i a p h r a g m . I t i s n o t i m p r o b a b l e , t h e r e f o r e , t h a t m a n y cases 

o f t h i s c h a r a c t e r h a v e m i s l e d t h e m e d i c a l a t t e n d a n t w h o h a s 

r e f e r r e d t h e s y m p t o m o f a b d o m i n a l p a i n t o o r g a n s w i t h i n t h e 

c a v i t y o f t h e a b d o m e n , w h e n t h e e x * c i t i n g cause w a s t o b e s o u g h t 

f o r w i t h i n t h e c h e s t o r i s t h e c o u r s e o f t h e l o w e r i n t e r c o s t a l 

n e r v e s ? C e r t a i n l y , s u c c e s s f u l t r e a t m e n t d e p e n d s u p o n a c c u -
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r a c y i n d i a g n o s i s ; a n d t h e a p p l i c a t i o n o f t h e l a w s o f n e r v e 

d i s t r i b u t i o n t o fine d i s c r i m i n a t i o n s i n t h e a p p r e c i a t i o n o f 

s y m p t o m s i s a g u i d e w h o s e v a l u e a n d u t i l i t y a r e n o t g e n e r a l l y 

k n o w n . 

W h e n w e h a v e o u r a t t e n t i o n c a l l e d b y a p a t i e n t t o a p a i n , 

n o m a t t e r w h e r e i t s s i t u a t i o n m a y c h a n c e t o be, w e a r e p o s i t i v e 

t h a t i t c a n b e t r a c e d t o t h e n e r v e s s u p p l y i n g t h e p a r t . H e r e , 

t h e n , w e h a v e a d i r e c t g u i d e t o f o l l o w w h i c h w i l l u s u a l l y l e a d 

u s , i f w e a r e a n a t o m i s t s , t o t h e s o u r c e o f t h e p a i n . A s a n e x 

a m p l e o f t h i s , a n d t h e y a r e t o o n u m e r o u s t o m e n t i o n i n d e t a i l , 

t h e r e i s o n e s y m p t o m i n s p i n a l d i sease w h i c h s t a n d s o u t p r o m 

i n e n t l y , a n d I m i g h t s a y s o l i c i t s o u r p r o p e r a p p r e c i a t i o n o f i t , 

a n d t h a t i s a fixed a n d l o c a l p a i n u p o n t h e s u r f a c e o f t h e b o d y , 

w i t h o r w i t h o u t e x a c e r b a t i o n s , a n d o f t e n w i t h o u t a n y l o c a l i n 

c rease o f t e m p e r a t u r e a t t h e seat o f t h e d i sease . I f e e l q u i t e 

c e r t a i n t h a t t h r o u g h t h e m e d i u m o f t h i s o n e s y m p t o m a l o n e , 

i f p r o p e r l y e m p l o y e d , m o r b i d c o n d i t i o n s o f t h e ve r t eb rae o r 

t h e s p i n a l c o r d , i t s m e m b r a n e s , a n d i t s n e r v e s , m a y b e o f t e n 

d i a g n o s e d l o n g b e f o r e a n y p a l p a b l e d e f o r m i t y o f a t t i t u d e o r 

g a i t e x i s t s , a n d a c u r e o f t e n e f f e c t e d b y s i m p l e r e s t . 

I t i s i n c o n n e c t i o n w i t h t h e n e r v e s o f t h e d o r s a l r e g i o n t h a t 

p a i n i s a m o r e v a l u a b l e g u i d e t h a n i n a l m o s t a n y o t h e r p o r t i o n 

o f t h e b o d y . T h e s u b j a c e n t v i s c e r a , o c c u p y i n g t h e t h o r a c i c 

a n d a b d o m i n a l c a v i t i e s , a re c o n s t a n t l y m a n i f e s t i n g d i s e a s e d 

c o n d i t i o n s b y p a i n o f a s u p e r f i c i a l c h a r a c t e r ( t h r o u g h t h e i n 

t i m a t e c o m m u n i c a t i o n s w h i c h e x i s t b e t w e e n t h e s p l a n c h n i c 

a n d d o r s a l n e r v e s ) a t s p o t s o f t e n f a r r e m o v e d f r o m t h e e x c i t 

i n g cause . I t i s n a t u r a l t h a t t h e m e d i c a l a t t e n d a n t , u n l e s s 

h i s a t t e n t i o n has b e e n d i r e c t e d t o t h i s f a c t , s h o u l d a t t r i b u t e 

t h e p a i n t o s o m e f a n c i f u l cause i n t h e l o c a l i t y o f t h a t p a i n , o r 

t o s o m e g e n e r a l d i a g n o s i s o f n e u r a l g i a , m a l a r i a , e t c . , w h e n a n 

a n a t o m i c a l k n o w l e d g e m i g h t d i r e c t h i m a r i g h t b o t h i n d i a g 

n o s i s a n d t r e a t m e n t . W e k n o w t h a t l i v e r d i sease m a y b e oc

c a s i o n a l l y m a n i f e s t e d b y a p a i n i n t h e r e g i o n o f t h e r i g h t 

s h o u l d e r ; t h a t g a s t r i c a n d i n t e s t i n a l d i s o r d e r s f r e q u e n t l y p r o 

d u c e a c o n s t a n t p a i n i n t h e b a c k b e t w e e n t h e s c a p u l a e ; a n d 

t h a t t u m o r s o f t h e v i s c e r a m a y p r o d u c e l i k e r e s u l t s b y p re s s -
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u r e u p o n t h e s p l a n c h n i c n e r v e s o r t h e s o l a r p l e x u s o f w h i c h 

t h e y f o r m a - .par t . W i t h o u t s u c h a k n o w l e d g e a n d i t s s a t i s -

FIG. 161.—A diagram, o f the regions of cutaneous nerve distribution on the posterior sur
face of the upper extremity and trunk. (Modified from Flower.) 

18, region supplied by the second dorsal nerve ; 19, region supplied by the supra-scapular 
nerve; '20, region supplied by the circumflex nerve ; 21, region supplied by the inler-
costo-humered nerve: 22, region supplied by the external cutaneous nerve; 23, region 
supplied by the interned cutaneous branch of the musculo-spircd nerve ; 24, region 
supplied by the "nerve of Wrisberg" ; 25, region supplied by the latcred branches 
of the intercostal nerves; 26, region supplied by the internal cutaneous nerve ; 27, re
gion supplied by the musculo-cutaneous nerve; 28, region supplied by the iliac branch 
of the i/io-inguinal nerve ; 29, region supplied by the radial nerve; 30, region sup
plied by the ulnar nerve. 

f a c t o r y e x p l a n a t i o n , w o u l d w e b e a p t t o r e f e r s u c h p a i n t o 

causes so r e m o t e % W o u l d w e l o o k f o r causes o f a b d o m i n a l 
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p a i n i n t h e r e g i o n o f t h e t h o r a x , w i t h o i t t t h e k n o w l e d g e t h a t 

t h e l o w e r i n t e r c o s t a l n e r v e s s u p p l i e d t h e a b d o m i n a l m u s c l e s ? 

T h e lessons t a u g h t b y a n a t o m y a re o f a m o s t p r a c t i c a l c h a r 

ac te r , a n d w o r t h y o f t h e s t u d y e v e n o f t h o s e o l d i n t h e p r a c 

t i c e o f p h y s i c . I f a p a t i e n t c o m p l a i n s o f p a i n o n t h e s u r f a c e 

o f t h e b o d y , i t m u s t b e e x p r e s s e d b y t h e n e r v e w h i c h r e s ides 

t h e r e ; t h e r e i s n o o t h e r s t r u c t u r e t h a t c a n e x p r e s s i t , a n d 

s o m e w h e r e i n i t s c o u r s e o f d i s t r i b u t i o n , b e t w e e n i t s p e r i p h 

e r a l filaments a n d i t s c e n t r a l p o i n t o f o r i g i n f r o m t h e e n c e p h 

a l o n o r t h e s p i n a l c o r d , t h e p r e c i s e cause o f t h i s p a i n e x 

p r e s s e d u p o n t h e s u r f a c e m u s t be s i t u a t e d . 

INTERCOSTAL NEURALGIA. 

T h o s e f o r m s o f n e u r a l g i a w h i c h h a v e t h e i r sea t i n t h e 

n e r v e s w h i c h a r i se f r o m t h e d o r s a l r e g i o n o f t h e s p i n a l c o r d 

a r e g r o u p e d u n d e r t h e t e r m " d o r s o - i n t e r c o s t a l " n e u r a l g i a . 

T h e e x a c t seat o f t h e p a i n v a r i e s n o t o n l y w i t h t h e s p e c i a l 

n e r v e a f f e c t e d , b u t a l so w i t h t h e b r a n c h o f t h e n e r v e w h i c h 

seems t o m a n i f e s t t h e m o s t i r r i t a t i o n . T h u s , i f t h e u p p e r 

t w o n e r v e s a re i n v o l v e d , t h e p a i n m a y e x t e n d t o t h e a r m as 

w e l l as t h e t r u n k ; i f t h e p o s t e r i o r b r a n c h e s o f t h e d o r s a l 

n e r v e s be a l o n e i n v o l v e d , t h e p a i n w i l l b e p e r c e i v e d i n t h e 

b a c k a n d l o i n s ; a n d , finally, i f t h e a n t e r i o r b r a n c h e s b e a l o n e 

t h e seat o f p a i n , i t w i l l b e c o n f i n e d t o t h e i n t e r c o s t a l spaces 

a n d t h e a n t e r i o r r e g i o n o f t h e che s t . I t i s r a r e t o find t h e 

a n t e r i o r a n d p o s t e r i o r b r a n c h e s o f a n y d o r s a l n e r v e s i m u l t a 

n e o u s l y a f f e c t e d w i t h n e u r a l g i a . T h e a n t e r i o r b r a n c h e s a r e 

u s u a l l y t h e ones w h i c h s u f f e r , a n d t h e p a i n a s s u m e s a t y p e 

w h i c h i s p r o p e r l y c a l l e d " i n t e r c o s t a l / ' 

I n t e r c o s t a l n e u r a l g i a i s m o r e c o m m o n i n w o m e n t h a n i n 

m e n , a n d c h i e f l y a f f e c t s w e a k , h y s t e r i c a l , a n d anaemic s u b 

j e c t s . I t a p p e a r s o f t e n i n t h o s e w h o a r e c o n v a l e s c i n g f r o m 

s o m e severe t y p e o f d isease . T h e causes t o w h i c h t h i s f o r m 

o f n e u r a l g i a c a n be t r a c e d i n c l u d e e x p o s u r e t o c o l d o r d a m p 

ness, a n a t o m i c a l c h a n g e s i n t h e n e r v e s t h e m s e l v e s , d i seases o f 

s o m e o f t h e a d j o i n i n g o r g a n s ( e s p e c i a l l y i n c o n n e c t i o n w i t h 

p h t h i s i s ) , e m b a r r a s s m e n t t o t h e v e n o u s r e t u r n o f t h e a f f e c t e d 
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r e g i o n , d i l a t a t i o n o f t h e v e n o u s p l e x u s e s o f t h e i n t e r i o r o f t h e 

v e r t e b r a l c a i p l , a o r t i c a n e u r i s m s ( w h i c h l e a d t o a b s o r p t i o n o f 

t h e v e r t e b r a e o r r i b s ) , a l l p o s s i b l e d i seases o f t h e v e r t e b r a e 

t h e m s e l v e s , a n d a l s o o f t h e r i b s , d i s ea se s o f t h e s p i n a l c o r d , 

a n d m a l a r i a l a f f e c t i o n s . 

T h i s f o r m o f n e u r a l g i a i s m o s t c o m m o n u p o n t h e l e f t s i d e , 

a n d H e n l e h a s a t t r i b u t e d t h i s c l i n i c a l f a c t t o t h e a r r a n g e m e n t 

o f t h e i n t e r c o s t a l v e i n s o f t h e l e f t s i d e , 1 w h i c h r e l a t i v e l y t e n d s 

t o i m p e d e t h e r e t u r n o f b l o o d u p o n t h e l e f t i n c o n t r a s t t o t h e 

r i g h t s i d e . F r o m t h e e x t e n s i v e l i s t o f causes w h i c h h a v e b e e n 

g i v e n — a n d m a n y o f t h e s u b d i v i s i o n s o f e a c h h a v e b e e n 

o m i t t e d — i t c a n b e r e a d i l y u n d e r s t o o d t h a t , t o m a k e a n a c c u 

r a t e d i a g n o s i s as t o t h e e t i o l o g y o f i n t e r c o s t a l n e u r a l g i a , i s 

n e v e r p o s s i b l e w i t h o u t a m o s t t h o r o u g h p h y s i c a l e x a m i n a t i o n 

o f t h e s u b j a c e n t o r g a n s , t h e b o n e s o f t h e t h o r a x , a n d t h e c o n 

d i t i o n s o f t h e s o f t t i s s u e s . 

T h e s y m p t o m s o f t h i s d i s e a s e a r e g e n e r a l l y c o n f i n e d t o t h e 

a n t e r i o r a n d l a t e r a l w a l l s o f t h e t r u n k , m o r e r a r e l y t o t h e 

b a c k a n d t h e l o i n s . T h e a r e a o f t h e p a i n i n d i c a t e s t h e n e r v e s 

a f f e c t e d , w h i c h i s o f t e n a p o i n t o f g r e a t v a l u e i n s e a r c h i n g f o r 

t h e cause . W h i l e t h e p a i n i s o f a b u r n i n g , d u l l , a n d p e r s i s t 

e n t c h a r a c t e r f o r t h e g r e a t e r p a r t , y e t i t i s o f t e n c h a r a c t e r i z e d 

b y p a r o x y s m s o f t e a r i n g a n d l a n c i n a t i n g p a i n s w h i c h f o l l o w 

t h e c o u r s e o f t h e n e r v e s a f f e c t e d w i t h a r e m a r k a b l e p r e c i s i o n . 

T h e v i o l e n c e o f t h e s e p a r o x y s m s m a y b e v e r y g r e a t , so as t o 

cause s y n c o p e . A l l r e s p i r a t o r y m o t i o n s , s u c h as s n e e z i n g , 

c o u g h i n g , b l o w i n g t h e n o s e , e t c . , i n c r e a s e t h e p a i n , a n d t h e 

s k i n i s s e n s i t i v e t o t h e s l i g h t e s t p r e s s u r e , e v e n t h e w e i g h t o f 

t h e b e d c l o t h e s d i s t r e s s i n g t h e p a t i e n t , a l t h o u g h f i r m p r e s s u r e 

m a y s o m e t i m e s a f f o r d r e l i e f . W h i l e t h e p a r o x y s m i s a c t i v e , 

t h e p a t i e n t s s i t w i t h t h e b o d y i n c l i n e d t o w a r d t h e a f f e c t e d 

s i d e , a n d t h e i r f a c e s i n d i c a t e t h e m o s t e x t r e m e a n x i e t v 

T h e y n e i t h e r d a r e t o s p e a k l o u d l y n o r t a k e a d e e p i n s p i r a 

t i o n , o n a c c o u n t o f t h e p a i n i n d u c e d b y s u c h e f f o r t s . 

1 The intercostal veins of the left side empty into the left superior intercostal vein or 
the left vena azygos ; in cither case, the blcod takes a circuitous route to the superior 
vena cava. 
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I n i n t e r c o s t a l n e u r a l g i a , as i n m o s t o t h e r f o r m s , t h e r e a r e 

c e r t a i n p o i n t s w h i c h a r e p a r t i c u l a r l y s e n s i t i v e t o p r e s s u r e , 

a n d a re o f g r e a t a i d i n c o n f i r m i n g t h e d i a g n o s i s . T h e s e 

p o i n t s c o m p r i s e , first, o n e n e a r t o t h e v e r t e b r a l c o l u m n {verte

bral point), w h e r e t h e n e r v e e m e r g e s f r o m t h e i n t e r - v e r t e b r a l 

f o r a m e n ; s e c o n d l y , o n e a t a b o u t t h e m i d d l e o f t h e e n t i r e 

c o u r s e o f t h e n e r v e , c o r r e s p o n d i n g t o a l i n e d r o p p e d f r o m 

t h e c e n t e r o f t h e a x i l l a r y space {lateral point), w h e r e t h e 

l a t e r a l b r a n c h emerges b e n e a t h t h e i n t e g u m e n t ; a n d , t h i r d l y , 

o n e i n f r o n t , n e a r t o t h e s t e r n a l b o r d e r {anterior o r sternal 

point), w h e r e t h e a n t e r i o r p e r f o r a t i n g b r a n c h e m e r g e s be

n e a t h t h e s k i n . 

F o r some u n k n o w n r ea son , t h e i n t e r c o s t a l n e r v e s , w h e n 

i n f l a m e d , a re p a r t i c u l a r l y l i a b l e t o be a s s o c i a t e d w i t h t h e 

a p p e a r a n c e o f t h a t f o r m o f s k i n d isease c a l l e d " h e r p e s zos

t e r . " T h i s m a y o r m a y n o t b e a c c o m p a n i e d b y n e u r a l g i c 

s y m p t o m s , b u t i t i s a v a l u a b l e s i g n o f a n e u r i t i s o f t h e n e r v e s 

s u p p l y i n g t h e r e g i o n a f f e c t e d . 

T h e d i a g n o s i s o f i n t e r c o s t a l n e u r a l g i a c a n o f t e n b e m a d e 

o n l y w i t h e x t r e m e d i f f i c u l t y . T h a t r h e u m a t i c a f f e c t i o n o f 

t h e m u s c l e s o f t h e c h e s t c o m m o n l y c a l l e d " p l e u r o d y n i a " i s 

o f t e n c o n f o u n d e d w i t h i t , a n d t h e d i a g n o s i s i s t o b e m a d e 

c h i e f l y b y t h e p r e sence o f t h e l o c a l i z e d p o i n t s o f t e n d e r n e s s 

m e n t i o n e d , a n d t h e r a p i d d i s a p p e a r a n c e o f a l l s y m p t o m s i n 

t h e c o u r s e o f a f e w d a y s , w h i c h i s s e l d o m o b s e r v e d i n t r u e 

i n t e r c o s t a l n e u r a l g i a . P l e u r i s y i s a l s o t o b e d i f f e r e n t i a t e d 

f r o m t h i s d isease c h i e f l y b y i t s p h y s i c a l s y m p t o m s ; a n d a n 

g i n a p e c t o r i s i s t o b e t o l d b y t h e p h e n o m e n a p r e s e n t e d b y 

t h e h e a r t a n d t h e p u l s e , as w e l l as b y t h e sense o f i m p e n d i n g 

d e a t h , t h r e a t e n e d s u f f o c a t i o n , i n t e n s e a n x i e t y , a n d t h e f a c t 

t h a t t h e p a i n f r e q u e n t l y s h o o t s d o w n t h e l e f t a r m . 

NEURALGIA OF THE MAMMARY GLAND (MASTODYNIA). 

T h e s k i n o v e r t h e m a m m a r y g l a n d i s s u p p l i e d b y t h e a n 

t e r i o r a n d l a t e r a l b r a n c h e s o f t h e s e c o n d , t h i r d , f o u r t h , fifth, 

a n d s i x t h i n t e r c o s t a l n e r v e s , a n d b y s o m e filaments d e r i v e d 

f r o m t h e s u p r a - c l a v i c u l a r n e r v e s , w h i l e t h e g l a n d u l a r s t r u c t -
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u r e i t s e l f i s s u p p l i e d b y t h e l a t e r a l p e r f o r a t i n g b r a n c h e s o f 

t h e f o u r t h , f i l t h , a n d s i x t h i n t e r c o s t a l n e r v e s . T h i s r e g i o n i s 

e s p e c i a l l y l i a b l e t o a n e x t r e m e f o r m o f n e u r a l g i a , f i r s t d e 

s c r i b e d b y S i r A s t l e y C o o p e r u n d e r t h e n a m e o f " i r r i t a b l e 

b r e a s t . " S o i n t e n s e i s t h e p a i n i n s o m e cases o f t h i s a f f e c t i o n 

t h a t i t i s c o m p a r e d t o t h e s e n s a t i o n o f c u t t i n g , t e a r i n g , o r 

s t a b b i n g t h e p a r t w i t h a k n i f e . I t i s u s u a l l y p a r o x y s m a l i n 

c h a r a c t e r , a n d g e n e r a l l y o f s h o r t d u r a t i o n , a l t h o u g h s u c h 

a t t a c k s m a y l a s t f o r s o m e h o u r s . 

T h i s a f f e c t i o n s e e m s t o b e a s s o c i a t e d w i t h p r e g n a n c y , 

anaemia , c h l o r o s i s , h y s t e r i a , a n d t h e d e v e l o p m e n t o f n e u 

r o m a t a u p o n t h e n e r v e s o f t h i s r e g i o n . I t m a y b e p e r s i s t e n t 

a n d r e m a i n f o r y e a r s , a n d i s p a r t i c u l a r l y o b s t i n a t e t o t r e a t 

m e n t . 

T h e d e t e c t i o n o f p a i n f u l p o i n t s i s t o b e l o o k e d f o r i n t h e 

r e g i o n o f t h e e scape o f t h e n e r v e s w h i c h s u p p l y t h e p a r t f r o m 

t h e i n t e r - v e r t e b r a l f o r a m i n a ; a n d , i n s o m e i n s t a n c e s , t h e e x 

i s t e n c e o f s i m i l a r p o i n t s m a y b e d e t e c t e d u p o n t h e b r e a s t , 

n e a r t h e n i p p l e , a n d u p o n t h e s i d e s o f t h e g l a n d . T h e a t 

t a c k s a r e p a r t i c u l a r l y l i a b l e t d e x a c e r b a t e d u r i n g t h e m e n 

s t r u a l p e r i o d s , a n d , d u r i n g t h e h e i g h t o f t h e p a r o x y s m , t h e 

p a i n m a y b e t r a n s m i t t e d b y o t h e r n e r v e s i n t o t h e n e c k , d o w n 

t h e a r m , a n d o v e r m o r e e x t e n d e d a reas u p o n t h e c h e s t a n d 

b a c k . 
PARALYSIS OF THE DORSAL NERVES. 

T h e d o r s a l m u s c l e s c o n t r o l , t o a g r e a t e x t e n t , t h e m o v e 

m e n t s , f i x a t i o n , a n d u p r i g h t p o s i t i o n o f t h e v e r t e b r a l c o l u m n , 

b u t t h e s e c o n d i t i o n s r e q u i r e s u c h a c o m p l e x i t y o f m u s c u l a r 

a c t i o n t h a t i t i s o f t e n d i f f i c u l t , i n case o f p a r a l y s i s , t o e x a c t l y 

d e c i d e as t o t h e m u s c l e s w h i c h a r e a f f e c t e d . V a r i o u s d e g r e e s 

o f w e a k n e s s o f t h e d o r s a l m u s c l e s a r e o f t e n p r e s e n t i n y o u t h , 

s o m e t i m e s o n o n e s i d e a n d s o m e t i m e s o n t h e o t h e r , a n d oc

c a s i o n a l l y a f f e c t i n g t h e w h o l e b a c k t o a g r e a t e r o r less e x 

t e n t . 

T h e s e p a r e t i c s t a t e s a r e d e p e n d e n t u p o n r h e u m a t i c a f f e c 

t i o n s , d i seases o r i n j u r i e s o f t h e v e r t e b r a l c o l u m n , d i s t u r b 

a n c e s o f t h e m o t o r r e g i o n s o f t h e c e r e b r u m , l e s i o n s o f t h e 
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v a r i o u s g a n g l i a o f t h e e n c e p h a l o n , a n d l e s i o n s o f t h e k i n e s o d i c 

s y s t e m o f t h e s p i n a l c o r d . I n p a r a p l e g i a , t h e m o t o r p a r a l y s i s 

o f t e n e x t e n d s u p w a r d t o t h e m u s c l e s o f t h e t r u n k ; w h i l e , 

i n p r o g r e s s i v e m u s c u l a r a t r o p h y , t h e m u s c l e s o f t h e d o r s a l 

r e g i o n a re n o t i n f r e q u e n t l y i n v o l v e d . 

I f t h e m u s c l e s o f b o t h s ides o f t h e b a c k b e p a r a l y z e d , t h e 

s p i n a l c o l u m n g r a d u a l l y t e n d s t o a s s u m e t h e c o n d i t i o n o f a 

p o s t e r i o r c u r v a t u r e ( p a r a l y t i c k y p h o s i s ) , a n d t h e d e f o r m i t y i s 

u s u a l l y m o s t m a r k e d i n t h e d o r s a l r e g i o n , as t h e l u m b a r a n d 

c e r v i c a l r e g i o n s e x h i b i t i t t o a less d e g r e e o n a c c o u n t o f t h e i r 

a n a t o m i c a l p e c u l i a r i t i e s . I f t h e e x t e n s o r m u s c l e s o f t h e b a c k 

be m a r k e d l y a f f e c t e d , t h e s p i n a l c o l u m n f o r m s a n e q u a b l e 

c u r v e , as i f t h e b o d y w e r e b e n t f o r w a r d as i n o l d age, a n d t h e 

p a t i e n t b e c o m e s u n a b l e t o v o l u n t a r i l y s t r a i g h t e n t h e t r u n k t o 

i t s n o r m a l p o s t u r e . W h e n p a s s i v e s t r a i g h t e n i n g i s a t t e m p t e d , 

t h e s p i n e i s e a s i l y b r o u g h t i n t o i t s p r o p e r c u r v e ; a n d t h i s i s a 

p o i n t o f d i a g n o s i s b e t w e e n p a r a l y t i c k y p h o s i s a n d t h e de

f o r m i t y d e p e n d e n t u p o n s t r u c t u r a l d i sease o f t h e ve r t eb rae o r a 

s t a t e o f m u s c u l a r c o n t r a c t u r e . 

T h e m u s c l e s m o s t f r e q u e n t l y a f f e c t e d a r e t h e s a c r o - l u m -

b a l i s a n d t h e l a t i s s i m u s d o r s i . I f t h e y b e p a r a l y z e d u p o n one 

s i d e o n l y , t h e d e f o r m i t y a s sumes t h e t y p e o f s c o l i o s i s , as a 

l a t e r a l c u r v a t u r e i s p r o d u c e d b y t h e m u s c l e s o f t h e u n a f f e c t e d 

s ide . I n t h i s case, as i n t h e o n e b e f o r e c i t e d , t h e p a t i e n t i s 

u n a b l e t o r e c t i f y t h e d e f o r m i t y b y a n y v o l u n t a r y m u s c u l a r 

e f f o r t , a l t h o u g h t h e s p i n a l c u r v e c a n b e e a s i l y r e m o v e d b y 

m e c h a n i c a l a i d . 

W h e n t h e extensor muscles o f t h e lumbar region a r e 

m a r k e d l y i m p a i r e d , t h e a t t i t u d e a s s u m e d b y t h e p a t i e n t i s 

v e r y c h a r a c t e r i s t i c . I t c o n s i s t s o f a b e n d i n g o f t h e u p p e r 

p o r t i o n o f t h e t r u n k i n a b a c k w a r d d i r e c t i o n , so as t o c o m 

p e n s a t e f o r t h e b e n d i n g f o r w a r d o f t h e l u m b a r ve r t eb rae ; t h i s 

b e n d i n g o f t h e t h o r a x b a c k w a r d b r i n g s t h e u p p e r p a r t o f t h e 

b o d y b e h i n d t h e c e n t e r o f g r a v i t y o f t h e Avhole b o d y , a n d t h e 

b a l a n c e i s p r e s e r v e d e x c l u s i v e l y b y t h e a c t i o n o f t h e m u s c l e s 

o f t h e a b d o m e n . W h e n t h e b o d y i s b r o u g h t t o o f a r f o r w a r d , 

i t s i n k s a n d f a l l s , as t h e l u m b a r m u s c l e s f a i l t o s u p p o r t i t i n 
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a n e r e c t p o s t u r e . T h e p a t i e n t c a n n o t t h e n b r i n g t h e t r u n k 

i n t o i t s f o r m e r p o s t u r e w i t h o u t t h e u s e o f t h e h a n d s , w h i c h 

a r e e m p l o y e d i n a s o r t o f a c l i m b i n g p r o c e s s , t h e h a n d s b e i n g 

FIG. 162.— The lumbar plexus. (Hirschfeld.) 

1, lumbar and sacral portions of the great sympathetic; 2, twelfth dorsal pair; 3, first 
lumbar pair; 4, 4', ilio-hypogastric branch; 5, 5', ilia-inguinal branch; 6, second 
lumbar pair; 7, origin of the genito-crural branch ; 7', this same branch appearing 
and descending in front of the psoas muscle; 8, origin of the external cutaneous 
nerve; S', this same branch leaving the border of the psoas, and dividing at the 
level of the fold of the groin ; 9, third lumbar pair ; 10, fourth lumbar pair ; 11, fifth 
lumbar pair ; 12, lumbo-sacral trunk ; 13, gluteal branch of the ilio hypogastric: 14, 
its abdominal branch; 15, its genital branches : 16, external cutaneous passing under 
Poupart's ligament, between the anterior superior and inferior spines of the ilium; 
17, 17, 17, divisions of this branch; 17', point of origin of these divisions; 18, 18', 
genital branch of the genito-crural nerve; 19, 19, femoral division of this nerve 
piercing the fascia lata in the neighborhood of the saphenous opening; 19', this 
division exposed at the fold of the groin, to show its relations with the femoral artery 
and the saphenous vein; 20, 20', anterior crural nerve ; 21, 21', obturator nerve. 

placed upon the legs ; a series of peculiar movements of the 

shoulders and trunk then follow, which are employed to assist 
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t h e a r m s i n t o s s i n g t h e t r u n k b a c k w a r d t o a n e x t e n t s u f f i c i e n t 

t o a l l o w t h e a b d o m i n a l m u s c l e s o n c e m o r e t o s u p p o r t i t . T h i s 

d i f f i c u l t y i n b r i n g i n g t h e t r u n k a b o v e t h e l e v e l o f t h e l o w e r 

l i m b s i s t y p i c a l o f t h i s c o n d i t i o n , b u t t h e r e a r e s t i l l o t h e r a d 

d i t i o n a l p o i n t s o f d i a g n o s t i c v a l u e . T h e l u m b a r r e g i o n p r e 

sents a d e e p h o l l o w ; t h e h e a d i s b e n t f o r w a r d i n s t a n d i n g o r 

w a l k i n g ; a n d t h e t r u n k m a y b e seen t o h a v e a r e m a r k a b l e 

o s c i l l a t i n g m o v e m e n t w h e n t h e p a t i e n t w a l k s . W h e n t h e 

p a t i e n t s i t s d o w n , t h e u p p e r p o r t i o n o f t h e b o d y seems t o 

s i n k , a n d t h e s p i n e p r e s e n t s a c o n d i t i o n o f k y p h o s i s . I n f a c t , 

i t seems h a r d l y p o s s i b l e t h a t t h e c o n d i t i o n c a n be m i s t a k e n 

b y o n e w e l l v e r s e d i n a n a t o m y . 

THE L U M B A R NERVES. 

The lumbar nerves comprise five pairs which escape from 

t h e i n t e r v e r t e b r a l f o r a m i n a o f t h a t r e g i o n . L i k e a l l t h e s p i 

n a l n e r v e s , t h e y e a c h d i v i d e , i m m e d i a t e l y a f t e r t h e i r escape, 

i n t o a n t e r i o r a n d p o s t e r i o r d i v i s i o n s , t h e f o r m e r o f w h i c h has 

a l a r g e r p r o p o r t i o n o f m o t o r , w h i l e t h e l a t t e r h a s a n excess o f 

s e n s o r y fibers. T h e s e n e r v e s a re o f s p e c i a l i n t e r e s t , f r o m t h e 

faGt t h a t t h e a n t e r i o r d i v i s i o n s o f t h e f o u r u p p e r n e r v e s ass is t 

t o f o r m t h e l u m b a r p l e x u s . T h i s p l e x u s i s s i t u a t e d i n t h e 

s u b s t a n c e o f t h e psoas m u s c l e , i n f r o n t o f t h e t r a n s v e r s e p r o 

cesses o f t h e l u m b a r ve r t eb rae . I t i s n a r r o w a b o v e , w h e r e i t 

i s j o i n e d t o t h e l a s t d o r s a l n e r v e , b u t b e l o w i t b e c o m e s 

b r o a d , a n d i s c o n n e c t e d w i t h t h e s a c r a l p l e x u s b y m e a n s o f 

t h e l u m b o - s a c r a l c o r d a n d a filament f r o m t h e f o u r t h l u m b a r 

n e r v e . T h e t a b l e w h i c h I n o w s h o w y o u w i l l g i v e y o u a n 

o p p o r t u n i t y o f c o n t r a s t i n g t h e r e l a t i v e a r r a n g e m e n t o f t h e 

a n t e r i o r a n d p o s t e r i o r d i v i s i o n s o f t h e l u m b a r n e r v e s , as w e l l 

as o f s t u d y i n g t h e o r i g i n o f t h e s e v e n m a i n n e r v e t r u n k s 

g i v e n o f f f r o m t h e l u m b a r p l e x u s . 

I n t h e f o l l o w i n g t a b l e t h e f o r m a t i o n o f t h e lumbar plexus 

i s s h o w n , as w e l l as t h e b r a n c h e s w h i c h • a r e g i v e n o f f f r o m 

e a c h n e r v e w h i c h ass is t s t o f o r m i t . 

„ 
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TABLE OF TIIE NERVES OF TIIE LUMBAR REGION. 1 

LUMBAR J 
NERVKS. ] 

POSTERIOR DIVISIONS. 

1ST LUMBAR 
nerve. 

2D LUMBAR 
nerve. 

External 
branches. 

Internal 
branches. 

f Filaments to erector spina1 muscle, 
j Filaments to the inter-transversal.es 
{ muscles, 

Filaments to integument of back part 
of gluteal region. 

Filaments to multifields spime muscle, 
Filaments to integument near spinal 

column. 

ANTERIOR 
DIVISIONS 

3D LUMBAK 
nerve. 

LUMBAR 
PLEXUS. 

C Ilio-hypogastric nerve, ) 
Ilio-inguinal nerve, ! 
Communicating to 2d j 

lumbar. J 
Genito-crural nerve, 
External cutaneous 

nerve, 
Communicating to 3d | 

lumbar. J 
Part of anterior crural 

nerve, 
Part of obturator 

Given off by 
the 1st 
LUMBAR 
NERVE. 

Given off by 
the 2d 
LUMBAR 
NKRVE. 

4TH LUMBAR 
nerve. 

nerve, 
Part of accessory ob

turator nerve, 
Communicating to 4th 

lumbar. 
Part of anterior crural 

nerve, 
Part of obturator 

nerve, 
Part of accessory ob

turator nerve, 
Lumbo-sacral cord. 

Given off by 
the 3d 
LUMBAR 
NERVE. 

Given off by 
the 4th 
LUMBAR 
NERVE. 

I t w i l l h e p e r c e i v e d t h a t t h r e e m o s t i m p o r t a n t n e r v e s , v i z . , 

t h e anterior crural, t h e obturator, a n d accessory obturator 

n e r v e s , a r e f o r m e d b y b r a n c h e s b o t h o f t h e t h i r d a n d f o u r t h 

l u m b a r n e r v e s , a n d t h e r e f o r e m a y b e s a i d t o a r i s e b y t w o 

h e a d s . T h e accessory obturator nerve, h o w e v e r , a r i s e s occa 

s i o n a l l y b y a b r a n c h d e r i v e d o n l y f r o m t h e f o u r t h l u m b a r 

n e r v e , i t s o t h e r h e a d b e i n g a b r a n c h g i v e n o f f f r o m t h e o b t u 

r a t o r n e r v e . 

T h e s e c o n d t a b l e , t o w h i c h I n o w c a l l y o u r a t t e n t i o n , i s 

c o n s t r u c t e d t o s h o w t h e d i s t r i b u t i o n o f e a c h o f t h e s e v e n 

l a r g e b r a n c h e s o f t h e l u m b a r p l e x u s . T h i s t a b l e m a y a i d i n 

r e f r e s h i n g y o u r m e m o r i e s w h i l e f o l l o w i n g t h e s u b s e q u e n t 

l e c t u r e s , w h i l e i t a l s o g i v e s y o u , a t a g l a n c e , a b e t t e r c o n c e p 

t i o n o f t h e a r r a n g e m e n t o f a n y s p e c i a l n e r v e t h a n a m e r e 

v e r b a l d e s c r i p t i o n . 

1 Taken from " The Essentials of Anatomy" (Darling and Ranney). New York: 
G. P. Putnam'.- Sons, 1 C N \ 
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TABLE OF TIIE DISTRIBUTION OF TIIE BRANCHES- OF THE LUMBAR PLEXUS.1 

LUMBAR 
PLEXUS. 

f (1) iLIO-HYrO- | 
| GASTRIC. ) 

(2) ILIO-IN-
GUINAL. 

(3) GENITO-
CRURAL. 

(4) EXTERNAL 
CUTANEOUS. 

Iliac branch. { Integument of gluteal region. 
Hypogastric j pntcgument of the hypogastric region. 

Internal oblique muscle, 
Integument of upper and inner portion of thigh, 
Integument of scrotum, 
Integument of penis, 
Integument of labium. 
Genital 

branch. 

Crural branch 
Anterior 

braneh. 
Posterior 

branch. 

' Anterior 
division. 

(5) ANTERIOR 
CRURAL. 

I Crcmaster muscle, 
1 Scrotum, 
( Eound ligament of female. 
\ Integument of the front and upper portion 
| of the thigh. 
\ Integument on the anterior and outer as-
/ pect. of thigh, as low as the knee. 
j Integument of the posterior and outer as-
{ pect of the thigh. 

fThe sartorius muscle, 
j Integument of anterior as-
] spect of thigh, as low as 
[ the knee. 
f (Integument of 
| External ! inner and 
I braneh. ] outer sides 
J of knee. 

(Integument of 
Posterior J inner sides 
branch, j of the thigh 

1̂  and the leg. 
( Integument of knee joint 
-\ and front and inner 
( sides of the leg and foot. 
f Al l the muscles on front 

Middle cuta
neous nerve. 

Internal cuta
neous nerve. 

Long or inter
nal saphe
nous nerve. 

Posterior 
division. 

Musculo 
branch,lc: ^ 

Articular 
branche 

of thigh except the ten
sor raginee femoris and 

[ the sartorius. 
( Two in number. Distribu-

(0) OBTURA
TOR NERVE. 

(7) ACCESSORY 
NERVE 

Anterior 
branch. 

Posterior 
branch. 

OBTURATOR 

ted to capsule of knee 
joint, and probably to 
the hip joint. 

Articular \ „ 7 . . . . 
, , lo tup mint. 
branches. ( 1 J 

fTo gracilis, 
Muscular | To adductor longus, 

branches. ) To peetineus, 
1̂  To adductor brevis. 
( With internal cutaneous 

Anastomotic j nerve, 
branches. ) With internal saphenous 

^ nerve. 
Articular ( „, , . . . 

, , -i lo knee joint. 
branches. ( •' 

Muscular \ Obturator externus, 
branches. | Adductor magnus. 

Muscular ( r n 

braneh. j £° P c c t l l l c u *-
Articular \ ^ , . . . . 

branches. ) ^ hip joint. 
Cutaneous \ To the integument of 

branches. | thigh and leg. 

1 Taken from " The Essentials of Anatomy " (Darlim 
P. Putnam's Sons, 18S0. 

and Eanney). Xew York : G. 
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THE ILIO-TIYPOGASTRIC XERVE. 

T h i s n e r v e i s n a m e d , f r o m i t s t w o t e r m i n a l f i l a m e n t s o f 

d i s t r i b u t i o n , t h e i l i a c a n d h y p o g a s t r i c b r a n c h . I t i s g i v e n o f f 

b y t h e first l u m b a r n e r v e i n c o m p a n y w i t h t h e i l i o - i n g u i n a l . 

I t e m e r g e s f r o m t h e o u t e r b o r d e r o f t h e p s o a s m u s c l e , c rosses 

t h e q u a d r a t u s l u m b o r u m , t h e n p e r f o r a t e s t h e t r a n s v e r s a l i s 

m u s c l e o f t h e a b d o m e n , a n d finally d i v i d e s b e t w e e n i t a n d 

t h e i n t e r n a l o b l i q u e m u s c l e i n t o i t s i l i a c a n d h y p o g a s t r i c 

b r a n c h e s . 

T h e iliac branch p i e r c e s t h e i n t e r n a l a n d e x t e r n a l o b l i q u e 

m u s c l e s j u s t a b o v e t h e c r e s t o f t h e i l i u m , a n d s u p p l i e s t h e 

s k i n o f t h e g l u t e a l r e g i o n , w h i l e t h e hypogastric branch 

p i e r c e s t h e i n t e r n a l o b l i q u e a n d t h e a p o n e u r o s i s o f t h e e x 

t e r n a l o b l i q u e m u s c l e a l i t t l e a b o v e t h e e x t e r n a l a b d o m i n a l 

r i n g , a n d s u p p l i e s t h e s k i n o f t h e h y p o g a s t r i u m . I n s o m e 

cases t h e i l i o - i n g u i n a l n e r v e i s i n c o m p l e t e l y d e v e l o p e d , a n d 

t h i s n e r v e m a y t h e n b e t r a c e d d o w n w a r d t o t h e s k i n o f t h e 

p e n i s , s c r o t u m , l a b i u m , a n d t h i g h . 

THE ILIO-INGUINAL NERVE. 

T h i s n e r v e a r i s e s , i n c o m m o n w i t h t h e p r e c e d i n g n e r v e , 

f r o m t h e first l u m b a r n e r v e , b u t i t i s s m a l l e r i n p o i n t o f s ize 

t h a n i t s f e l l o w . L i k e t h e i l i o - h y p o g a s t r i c , i t p i e r c e s t h e o u t e r 

b o r d e r o f t h e p s o a s , a n d c rosses t h e q u a d r a t u s l u m b o r u m 

m u s c l e , l y i n g b e l o w t h e p r e c e d i n g n e r v e ; i t t h e n p i e r c e s t h e 

t r a n s v e r s a l i s m u s c l e , e n t e r s t h e i n g u i n a l c a n a l , passes t h r o u g h 

o u t t h e e n t i r e l e n g t h o f t h a t c a n a l i n f r o n t o f t h e s p e r m a t i c 

c o r d , a n d s u p p l i e s t h e s k i n o f t h e p e n i s , s c r o t u m , l a b i u m , 

a n d o f t h e u p p e r a n d i n n e r p o r t i o n s o f t h e t h i g h . I t i s s o m e 

t i m e s i n c o m p l e t e l y d e v e l o p e d , i n w h i c h case t h e i l i o - h y p o g a s 

t r i c n e r v e t a k e s i t s p l a c e . 

CLINICAL TOINTS PERTAINING TO THE ILIO-HYPOGASTRIC AND ILIO
I N G U I N A L NERVES. 

T h e s e t w o n e r v e s a r e s o m e t i m e s t h e sea t o f a s eve re f o r m 

o f n e u r a l g i a . I t m a y b e p r o d u c e d b y d i s ea se o f t h e l u m b a r 



440 THE SPINAL NERVES. 

ver tebrae , s t r u c t u r a l c h a n g e s i n t h e p a r t s i n v e s t i n g t h e l u m 

b a r p l e x u s , p e l v i c diseases, e x u d a t i o n s i n t h e s u b s t a n c e o f 

t h e psoas m u s c l e , s t r a i n s , c o n t u s i o n s , e x p o s u r e , a n d a n h y s 

t e r i c a l c o n d i t i o n . T h e p a i n s a r e u s u a l l y o f a p a r o x y s m a l 

c h a r a c t e r , a n d r a d i a t e i n t h e c o u r s e o f t he se n e r v e s ; t h e y a re 

o f a l a n c i n a t i n g t y p e , a n d o f t e n e x t r e m e l y severe. P a i n f u l 

p o i n t s m a y be d e t e c t e d i n one o f t h e f o l l o w i n g r e g i o n s , o r 

p o s s i b l y i n a l l o f t h e m : 1, a lumbar point, n e a r t h e s p i n o u s 

processes o f t h e l u m b a r ve r t eb rae ; 2, a n iliac point, n e a r t o 

t h e m i d d l e o f t h e c res t o f t h e i l i u m , w h e r e t h e i l i o - h y p o g a s -

t r i c n e r v e p i e r c e s t h e t r a n s v e r s a l i s m u s c l e ; 3, a n hypogastric 

point, s l i g h t l y a b o v e t h e e x t e r n a l r i n g , w h e r e t h e i l i o - h y p o -

g a s t r i c n e r v e p i e r c e s t h e a p o n e u r o s i s o f t h e e x t e r n a l o b l i q u e 

m u s c l e ; 4, a n inguinal point; a n d 5, p o i n t s u p o n t h e scrotum 

o r labium. I t i s s t a t e d b y I N o t t a 1 t h a t t h i s t y p e o f n e u r a l g i a 

m a y be o c c a s i o n a l l y a c c o m p a n i e d b y a n i n c r e a s e i n t h e s e x u a l 

a p p e t i t e , a n d a s p a s m o d i c c o n t r a c t i o n o f t h e c r e m a s t e r m u s c l e . 

T h i s f o r m o f n e u r a l g i a i s t o be d i a g n o s e d f r o m r h e u m a t i c 

m y a l g i a o f t h e l o n g i s s i m u s d o r s i a n d s a c r o - l u m b a l i s m u s c l e s , 

a n d f r o m t h o s e t y p e s o f c h r o n i c a f f e c t i o n s o f t h e u t e r u s w h i c h 

i n d u c e p a i n i n t h e b a c k . I t m i g h t a l so b e p o s s i b l y m i s t a k e n 

f o r a n a t t a c k o f r e n a l o r b i l i a r y c o l i c . T h e d i a g n o s i s w i l l be 

m a d e c h i e f l y b y t h e "puncta dolorosa " 2 p r e v i o u s l y d e s c r i b e d , 

b y t h e c o u r s e o f t h e p a i n , a n d b y i t s i n t e n s e p a r o x y s m a l a n d 

l a n c i n a t i n g c h a r a c t e r . 

T h e n e r v e s w h i c h a r e d i s t r i b u t e d t o t h e s k i n o f t h e ab 

d o m i n a l w a l l s m a y be c o n s i d e r e d as c o m p r i s i n g t w o d i s t i n c t 

sets, b a s e d o n t h e p h y s i o l o g i c a l a c t i o n o f t h e a b d o m i n a l m u s 

cles w h i c h a re s u p p l i e d b y t h e m . A c c o r d i n g t o H i l t o n , t h e 

a b d o m e n m a y be d i v i d e d , o n a l i n e c o r r e s p o n d i n g w i t h t h e 

s i t u a t i o n o f t h e u m b i l i c u s , i n t o a n u p p e r o r r e s p i r a t o r y p o r 

t i o n , a n d a l o w e r o r a b d o m i n a l p o r t i o n . T h e u p p e r o r r e s p i 

r a t o r y p o r t i o n i s s u p p l i e d , i n g r e a t p a r t , b y t h e l o w e r i n t e r 

c o s t a l ne rves , w h i c h a re d i s t r i b u t e d a l so t o t h e m u s c l e s o f t h e 

1 As quoted by Erb. 
2 A name applied by Valleix to the spots of extreme local tenderness found along the 

course of a nerve which is the seat of neuralgia. 
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c h e s t , a n d w h i c h , i f t a k e n w i t h t h e o t h e r i n t e r c o s t a l n e r v e s 

as a g r o u p , a r e e s s e n t i a l l y r e s p i r a t o r y i n t h e i r f u n c t i o n . T h e 

l o w e r o r a b d o m i n a l p o r t i o n o f t h e a b d o m e n i s s u p p l i e d c h i e f l y 

b y t h e i l i o - h y p o g a s t r i c n e r v e , a l t h o u g h t h e i l i o - i n g u i n a l , t h e 

g e n i t o - c r u r a l , a n d t h e p o s t e r i o r b r a n c h e s o f t h e l u m b a r n e r v e s 

a ss i s t i n f u r n i s h i n g m o t o r p o w e r t o t h e m u s c l e s o f t h a t r e g i o n . 

T h e s u b j a c e n t p e r i t o n a e u m i s u n q u e s t i o n a b l y s u p p l i e d f r o m 

t h e s a m e s o u r c e s o f n e r v e p o w e r as t h e m u s c l e s a n d s k i n o f 

t h e i n d i v i d u a l r e g i o n s o f t h e a b d o m e n , a n d i t i s c o n s i d e r e d 

p r o b a b l e b y t h e a u t h o r a b o v e q u o t e d t h a t t h e s p i n a l n e r v e s 

w h i c h a r e d i s t r i b u t e d t o t h e s k i n , m u s c l e s , a n d p a r i e t a l j j e r i -

t o n a e u m m a y b e a l s o a s s o c i a t e d w i t h t h e v i s c e r a l l a y e r u n d e r 

n e a t h , b y m e a n s o f c o m m u n i c a t i o n s w i t h t h e s y m p a t h e t i c 

n e r v e . T h e a b d o m i n a l m u s c l e s u n q u e s t i o n a b l y a s s i s t t h e co 

l o n i n i t s e n d e a v o r s t o f o r c e t h e faeces, b y i t s p e r i s t a l t i c a c t i o n 

a l o n e , t h r o u g h o u t i t s l e n g t h , s i n c e t h e f o r c e o f g r a v i t y h a s 

t o b e o v e r c o m e i n i t s a s c e n d i n g p o r t i o n , a n d t h e c u r v e s o f t h e 

s i g m o i d flexure i n i t s t e r m i n a l p o r t i o n . I t w o u l d t h e r e f o r e 

b e a n a d d i t i o n a l c o n f i r m a t i o n o f a g e n e r a l l a w o f n e r v e d i s 

t r i b u t i o n , p r o v i d e d t h e d i s t r i b u t i o n o f t h e a b d o m i n a l n e r v e s 

t o t h e i n t e s t i n a l c o v e r i n g o f p e r i t o n a e u m c o u l d b e f u l l y v e r i 

fied ; s i n c e t h e s t r u c t u r e s w h i c h a s s i s t i n m o v i n g t h e a d j a c e n t 

o r g a n s — t h e a b d o m i n a l m u s c l e s — w o u l d b e s u p p l i e d f r o m t h e 

s a m e s o u r c e as t h e p a r t s m o v e d , as w e l l as t h e s k i n o v e r t h o s e 

m u s c l e s . 
THE EXTERNAL CUTANEOUS NERVE. 

T h i s n e r v e a r i s e s f r o m t h e t r u n k o f t h e s e c o n d l u m b a r 

n e r v e , i n c o m m o n w i t h t h e g e n i t o - c r u r a l , b u t i t u s u a l l y r e 

c e i v e s a f e w filaments f r o m t h e t h i r d l u m b a r . I t p i e r c e s t h e 

p s o a s m u s c l e , n e a r t o i t s c e n t r a l p o i n t , a n d c rosses t h e i l i a c u s 

m u s c l e i n o r d e r t o r e a c h a n o t c h b e l o w t h e a n t e r i o r s u p e r i o r 

s p i n e o f t h e i l i u m , w h e r e i t escapes b e l o w P o u p a r t ' s l i g a m e n t . 

T h e a n t e r i o r b r a n c h o f t h i s n e r v e p i e r c e s t h e f a s c i a l a t a a t 

a b o u t f o u r i n c h e s b e l o w P o u p a r t ' s l i g a m e n t , a n d s u p p l i e s t h e 

i n t e g u m e n t o f t h e a n t e r i o r a n d o u t e r a s p e c t s o f t h e t h i g h , 

w h i l e t h e p o s t e r i o r b r a n c h s u p p l i e s t h e i n t e g u m e n t o f t h e 

o u t e r a n d p o s t e r i o r a s p e c t s o f t h e s a m e r e g i o n . B o t h o f t h e s e 
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t h e p h y s i o l o g i c a l i n t e r e s t w h i c h o t h e r n e r v e s possess, s t i l l i t 

i s p o s s i b l e t o i m a g i n e c e r t a i n l o c a l i z e d c o n d i t i o n s o f t h e psoas 

a n d i l i a c u s m u s c l e s , l o c a l s w e l l i n g s i n t h e v i c i n i t y o f P o u -

p a r t ' s l i g a m e n t , a n d p o s s i b l e f o r m s o f v e r t e b r a l d i sease w h i c h 

m i g h t be m a n i f e s t e d e x c l u s i v e l y t h r o u g h t h e m e d i u m o f these 

n e r v e s . 

THE ANTERIOR. CRERAL NERVE. 

T h i s i s t h e l a r g e s t b r a n c h o f t h e l u m b a r p l e x u s . I t ar ises 

m a i n l y f r o m t h e t h i r d a n d f o u r t h l u m b a r ne rves , b u t o f t e n 

r ece ives a f a s c i c u l u s f r o m t h e s e c o n d . I n i t s cou r se , i t pe r 

f o r a t e s t h e psoas m u s c l e , e m e r g i n g f r o m i t a t t h e l o w e r p a r t 

o f i t s o u t e r b o r d e r . I t t h e n passes b e t w e e n t h e psoas a n d 

i l i a c u s m u s c l e s , a n d e n t e r s t h e t h i g h b y e s c a p i n g u n d e r P o u -

p a r t ' s l i g a m e n t a b o u t one h a l f i n c h t o t h e o u t e r s i d e o f t h e 

f e m o r a l a r t e r y . I t s m a i n d i v i s i o n s ( t h e m i d d l e a n d i n t e r n a l 

c u t a n e o u s a n d l o n g s a p h e n o u s n e r v e s ) a r e g i v e n o f f a f t e r i t 

e n t e r s t h e t h i g h . T h e d i s t r i b u t i o n o f e a c h o f t h e s e t e r m i n a l 

b r a n c h e s i s s h o w n y o u u p o n t h e t a b l e , 1 b u t I A v o u l d c a l l y o u r 

a t t e n t i o n t o s o m e p o i n t s o f s p e c i a l i n t e r e s t p e r t a i n i n g t o t h e 

a n t e r i o r c r u r a l n e r v e , w h i c h w i l l p e r h a p s e n a b l e y o u t o ap 

p r e c i a t e t h e v a l u e w h i c h s o m e p o r t i o n s o f t h i s t a b l e pos 

sess. 

T h e a n t e r i o r c r u r a l n e r v e s u p p l i e s n e a r l y a l l o f t h o s e m u s 

cles w h i c h a re e m p l o y e d i n t h e first e f f o r t of progression. 

A s t h e a c t o f t a k i n g a s t e p f o r w a r d i s p e r f o r m e d , w e f l e x t h e 

t h i g h u p o n t h e p e l v i s , w e e x t e n d t h e l e g a t t h e k n e e , a n d w e 

s l i g h t l y e v e r t t h e f o o t . 2 N o w , a l l t h e m u s c l e s w h i c h a i d us 

i n p e r f o r m i n g t h e s e v a r i o u s m o v e m e n t s — t h e psoas a n d i l i a 

cus , t h e p e c t i n e u s a n d s a r t o r i u s , t h e f o u r m u s c l e s o f t h e 

q u a d r i c e p s e x t e n s o r , a n d t h e s u b c r u r e u s — a r e s u p p l i e d b y t h e 

a n t e r i o r c r u r a l n e r v e . T h i s n e r v e a l s o sends b r a n c h e s b o t h t o 

t h e k n e e j o i n t a n d h i p j o i n t ; t h e c a p s u l a r l i g a m e n t o f t h e 

f o r m e r , as w e l l as t h a t o f t h e l a t t e r , 3 b e i n g s u p p l i e d b y f i l a 

m e n t s w h i c h c a n e a s i l y be d e m o n s t r a t e d b y d i s s e c t i o n . I f w e 

' See page 43S of this volume. 2 John Hilton, op. cit. 
3 This fact is not so stated by all of the text-books upon descriptive anatomy, but, 

nevertheless, I regard it as capable of demonstration. 
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n o w c o n s i d e r , i n t h e t h i r d p l a c e , t h a t t h e c u t a n e o u s b r a n c h e s 

o f t h i s n e r v e s u p p l y t h e s k i n o f t h e t h i g h , a n d a l s o t h e r e 

g i o n s o v e r t h e t w o j o i n t s m e n t i o n e d , w e a r e e n a b l e d t o a g a i n 

FIG. 164.— The mvscultr branches of the anterior and internal portions of the thigh. 
(Sappey.) 

1, anterior crural nerve ; 2, branch which it furnishes to the iliacus muscle ; 3, twig which 
it sends to the internal portion of the psoas muscle : 4, middle cutaneous branch of 
the anterior crural, whose three branches have been divided close to their origin in 
order to show the branches to the quadriceps extensor and the internal saphenous 
nerve, which are more deeply placed ; 5 and 6, muscular filaments of the internal 
cutaneous nerve ; 7, origin of the cutaneous branches which pierce the fascia lata at 
the level of the saphenous opening ; 8, deep or anastomotic filament of the internal 
cutaneous branch of the anterior crural; 9, branches to the rectus muscle; 10, 
branches to the vastus externus ; 11, branches to the vastus internus; 12, 12, inter
nal saphenous nerve; 13, patellar branch of this nerve; 14, its vertical or tibial 
braneh ; 15, obturator nerve ; 16, branch which it furnishes to the adductor longus ; 
17, branch to the adductor brevis ; IS, branch to the gracilis ; 19, branch to the ad
ductor magnus; 20, lumbo-sacral trunk; 21, junction of tlii~ nerve with the first 
sacral nerve ; 22, 22, lumbar and sacral portions of the sympathetic ; 23, external 
cutaneous nerve. 
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FIG. lf>5.—A diagram of the cutaneous supply of the anterior aspect of the lower extremity. 
1, region supplied by the lateral branches of the intercostal nerves; 2, region supplied by 

the anterior branches of the intercostal nerves; 3, region supplied by the ilio-hypo-
gastric nerve; -1, region supplied by the ilio-inguinal nerve; 5, region supplied by 
the genito-crural nerve; 0, region supplied by the middle cutaneous braneh of the 
anterior crural neive ; 7, region supplied by the internal cutaneous branch of the 
anterior crural nerve and partly by the obturator nerve; 8, region supplied by the 
external cutaneous nerve; 9, region supplied by the long saphenous braneh of the 
anterior crural nerve ; 10, region supplied by the branches of the external popliteal 
nerve ; 11, region supplied by the musculo cutaneous nerve ; 12, region supplied by 
the terminal filaments of the musculo-cutaneous nerve; 13, region supplied by the 
external saphenous nerve ; 14, region supplied by the anterior tibial nerve. 



CLINICAL POINTS OF ANTERIOR (RURAL NERVE. 447 

r e c o r d a c o n f i r m a t i o n o f t h a t a x i o m o f H i l t o n , 1 t h a t a n e r v e 

w h i c h s u p p l i e s a j o i n t m u s t s u p p l y a l s o m u s c l e s w h i c h m o v e 

t h a t j o i n t , a n d t h e s k i n o v e r t h e i n s e r t i o n o f t h o s e m u s c l e s . 

T h e l o n g s a p h e n o u s n e r v e seems , a t f i r s t s i g h t , t o e x t e n d f a r 

b e y o n d t h e l i m i t s o f t h e m u s c u l a r d i s t r i b u t i o n o f t h e a n t e r i o r 

c r u r a l , b u t , w h e n w e l o o k c l o s e l y i n t o t h e a n a t o m i c a l r e l a 

t i o n s o f t h e f a s c i a o f t h e l e g , w e f i n d t h a t t h e m u s c l e s s u p 

p l i e d b y t h e a n t e r i o r c r u r a l n e r v e a r e a t t a c h e d t o i t , e s p e c i a l l y 

t h e s a r t o r i u s , w h o s e i n s e r t i o n i n t o t h i s f a s c i a i s as i n t i m a t e 

as t h a t o f t h e b i c e p s i n t o t h e f a s c i a o f t h e f o r e a r m ; a n d 

w e a l s o n o t i c e t h a t t h e c u t a n e o u s d i s t r i b u t i o n o v e r t h i s 

f a s c i a i s d e r i v e d f r o m t h e s a m e s o u r c e s as a r e t h e m u s c l e s 

w h i c h a r e a t t a c h e d t o i t . T h i s f a c t i s i n p e r f e c t a c c o r d w i t h 

t h e a x i o m g i v e n i n a p r e v i o u s l e c t u r e , v i z . , t h a t a f a s c i a , t o 

w h i c h m u s c l e s a r e a t t a c h e d , m u s t b e c o n s i d e r e d as o n e o f t h e 

p o i n t s o f i n s e r t i o n o f t h e m u s c l e s c o n n e c t e d w i t h i t , a n d t h a t 

t h e c u t a n e o u s d i s t r i b u t i o n o v e r s u c h a f a s c i a w i l l b e f o u n d t o 

b e d e r i v e d f r o m t h e n e r v e s w h i c h s u p p l y t h o s e m u s c l e s . W e 

t h u s d i s c o v e r i n t h e l o w e r e x t r e m i t y t h e s a m e g e n e r a l l a w s 

o f n e r v e d i s t r i b u t i o n , as w e r e v e r i f i e d i n c o n n e c t i o n w i t h t h e 

u p p e r e x t r e m i t y , f u l l y c a r r i e d o u t ; a n d i t i s t h u s t h a t m a n y 

o f t h e a p p a r e n t d e v i a t i o n s f r o m t h e n a t u r a l o r d e r o f n e r v e 

s u p p l y m a y b e e x p l a i n e d b y , a n d o f t e n a c t as g u i d e s t o , t h e 

p r e s e n c e o f s o m e a n a t o m i c a l f a c t , w h o s e p h y s i o l o g i c a l i m p o r 

t a n c e h a d e i t h e r n o t b e e n r e c o g n i z e d o r p r o p e r l y a p p r e 

c i a t e d . 

CLINICAL POINTS PERTAINING TO THE ANTERIOR CRURAL NERVE. 

T h e r e l a t i o n o f t h i s n e r v e t o t h e f e m o r a l a r t e r y as i t passes 

u n d e r n e a t h P o u p a r t ' s l i g a m e n t a n d i t s s t i l l m o r e i n t i m a t e r e 

l a t i o n w i t h t h a t v e s s e l i n S c a r p a ' s space r e n d e r i t o f s p e c i a l 

i n t e r e s t t o t h e s u r g e o n . I t s i n t e r n a l c u t a n e o u s b r a n c h e s 

c ros s t h e u p p e r p a r t o f t h e f e m o r a l a r t e r y i n t h a t space , b e 

f o r e i t b e c o m e s p r o p e r l y a c u t a n e o u s n e r v e ; w h i l e t h e l o n g 

s a p h e n o u s n e r v e l i e s t o t h e o u t e r s i d e o f t h a t v e s s e l f o r n e a r l y 

i t s e n t i r e l e n g t h , b e i n g a t f i r s t s l i g h t l y r e m o v e d f r o m i t , b u t 

1 Op. cit. 
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a p p r o a c h i n g i t m o r e c l o s e l y i n t h e l o w e r p a r t o f i t s c o u r s e . 

T h i s l a t t e r n e r v e a l so bea r s a n i n t i m a t e r e l a t i o n w i t h t h e i n 

t e r n a l s a p h e n o u s v e i n f o r t h e g r e a t e r p o r t i o n o f i t s c o u r s e ; 

h e n c e t h e p a i n e x p e r i e n c e d f r o m v a r i c o s e v e i n s i n t h i s r e g i o n . 1 

I t i s c u s t o m a r y w i t h s u r g e o n s t o r e g a r d a pain w h i c h i s 

l o c a l i z e d a t t h e inner side of the knee ( s i nce t h e o b t u r a t o r 

n e r v e i s d i s t r i b u t e d t o t h a t r e g i o n ) as s t r o n g l y d i a g n o s t i c o f 

d isease o f t h e h i p j o i n t , because t h a t n e r v e i s s u p p o s e d t o h a v e 

a n i n t i m a t e c o n n e c t i o n w i t h t h e i n t e r n a l s t r u c t u r e s o f t h e h i p . 

So s t r o n g l y i s t h i s i m p r e s s i o n g r o u n d e d i n t h e m i n d s o f some 

o f o u r p r o m i n e n t s u r g i c a l a u t h o r s t h a t t h e p r e s e n c e o f p a i n 

i n a n y o t h e r l o c a l i t y t h a n t h a t j u s t m e n t i o n e d i s n o t c o n 

s i d e r e d as p a r t i c u l a r l y i n d i c a t i v e o f m o r b u s c o x a r i u s ; a n d 

t h e i n f e r e n c e i s c e r t a i n l y i m p l i e d , i f n o t d i r e c t l y s t a t e d , t h a t 

t h e a c c u r a c y o f d i a g n o s i s o f t h i s c o n d i t i o n c a n be q u e s t i o n e d 

i f t h i s s y m p t o m b e n o t c o n f i n e d t o t h e r e g i o n s u p p l i e d b y t h e 

o b t u r a t o r n e r v e . I a m n o t p r e p a r e d t o a d m i t t h a t p a i n i n t h e 

k n e e i s a l w a y s p r e s e n t i n m o r b u s c o x a r i u s , n o r a m I i n c l i n e d 

t o t h i n k t h a t t h e a n t e r i o r c r u r a l n e r v e , f r o m i t s d i s t r i b u t i o n 

t o t h e c a p s u l a r l i g a m e n t o f t h e h i p j o i n t , c a n n o t a l s o be one 

o f t h e sources o f s y m p a t h e t i c p a i n s r e f e r r e d t o t h e k n e e , i n 

case t h e h i p be d i seased . I a d m i t t h a t t h e o b t u r a t o r n e r v e , 

f r o m i t s d i s t r i b u t i o n t o t h e i n t e r n a l s t r u c t u r e s o f t h e h i p j o i n t , 2 

i s t h e m o s t f r e q u e n t s o u r c e o f t r a n s m i s s i o n o f t h e s e s y m p a 

t h e t i c p a i n s ; b u t t h e s c i a t i c a n d a n t e r i o r c r u r a l n e r v e s m a y 

a l so i n d i c a t e a n i r r i t a t i o n o f t h e i r f i l a m e n t s t o t h e c a p s u l e o f 

t h e h i p b y p a i n s r e f e r r e d t o t h e o t h e r r e g i o n s w h i c h t h e y 

s u p p l y . 

Spasm o f t h e q u a d r i c e p s e x t e n s o r m u s c l e , w h i c h i s s u p 

p l i e d b y t h e a n t e r i o r c r u r a l n e r v e , i s o f t e n o b s e r v e d i n a r t i c 

u l a r n e u r a l g i a o f t h e k n e e j o i n t ; w h i l e t h e r i g i d e x t e n s i o n 

o f t h e l e g u p o n t h e t h i g h , m e t w i t h i n t e t a n u s , i s d e p e n d e n t 

u p o n i r r i t a t i o n o f t h i s n e r v e . I n h i s t r e a t i s e u p o n n e r v o u s 

1 Varicose veins are most common on the inner side of the leg. The pain of these 
tumors may often be arrested by simple elevation of the foot, since the excess of blood 
in the part is thus relieved. 

2 It is claimed by Hilton that this nerve is distributed chiefly to the ligamentum teres, 
and that this accounts for it being so frequently affected by disease of the hip joint. 
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d i seases , E u l e n b e r g r e p o r t s a case o f 

c l o n i c s p a s m l o c a l i z e d i n t h e q u a d r i 

c e p s e x t e n s o r m u s c l e w h i c h w a s i n 

d u c e d w h e n e v e r a n a t t e m p t t o w a l k 

o r s t a n d w a s m a d e , b u t s u c h cases a r e 

o f r a r e o c c u r r e n c e . 

Pa rah/sis c o n f i n e d t o t h e a n t e r i o r 

c r u r a l n e r v e i s n o t o f c o m m o n o c c u r 

r e n c e , b u t i s s t i l l o b s e r v e d as a r e s u l t 

o f i n j u r i e s t o t h e v e r t e b r a l c o l u m n a n d 

p e l v i s , f r o m t u m o r s a n d e x t r a v a s a 

t i o n s o f b l o o d i n t h e r e g i o n o f t h e 

c a u d a e q u i n a , a n d as a s e q u e l t o a 

severe t y p e o f i n f l a m m a t i o n o f t h e 

k n e e j o i n t . I t h a s b e e n k n o w n t o oc

c u r i n c o n n e c t i o n w i t h p s o a s abscess 

a n d s i m p l e i n f l a m m a t i o n o f t h e p s o a s 

m u s c l e ; w h i l e f r a c t u r e s o f t h e t h i g h , 

c u t s , s t a b w o u n d s , n e u r i t i s , p e l v i c t u 

m o r s , a n d t u m o r s o f t h e t h i g h , h a v e 

b e e n r e p o r t e d as i n d u c i n g t h i s t y p e o f 

p a r a l y s i s . F i n a l l y , i t i s a f r e q u e n t 

s y m p t o m o f s p i n a l p a r a l y s i s i n a l l o f 

i t s f o r m s , a n d , m o r e r a r e l y , o f ce re 

b r a l p a r a l y s i s a n d o f p r o g r e s s i v e m u s 

c u l a r a t r o p h y . 

F r o m w h a t h a s b e e n a l r e a d y s a i d 

as t o t h e d i s t r i b u t i o n o f t h i s n e r v e t o 

m u s c l e s , i t i s e a s y t o u n d e r s t a n d t h a t 

t h e s y m p t o m s o f t h i s t y p e o f p a r a l y s i s 

w i l l b e c o n f i n e d t o t h e i n a b i l i t y o f t h e 

a n t e r i o r t h i g h m u s c l e s t o p e r f o r m 

t h e i r a c c u s t o m e d f u n c t i o n s . S u c h p a 

t i e n t s c a n n o t f l e x t h e l e g a t t h e h i p 

j o i n t o r r a i s e t h e b o d y f r o m t h e r e 

c u m b e n t p o s i t i o n ; n e i t h e r a r e t h e y 

a b l e t o e x t e n d i t n o r t o m o v e t h e l e g 

FIG. 166.— Cutaneous nerves of 
the anterior part of the 
thigh. (Sappey.) \ 

1, external cutaneous branch of 
the lumbar plexus; 2, 2, 
external cutaneous or su
perior perforating branch of 
the anterior crural nerve ; 
3, 3, middle cutaneous or 
inferior perforating branch 
of this nerve; 4, filament 
furnished by this braneh 
to the scrotum ; 5, internal 
cutaneous branch of the 
anterior crural nerve; 6, 
superficial division of this 
branch ; 7, deep division of 
the same ; S, superficial di
vision of the small musculo
cutaneous branch of the an
terior crural; 9, transverse 
or patellar braneh of the 
internal saphenous nerve ; 
10, internal, vertical, or tib
ial branch of the same. 
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a n d f o o t f o r w a r d w h e n s i t t i n g . F o r t h i s r e a s o n s t a n d i n g a n d 

w a l k i n g a re r e n d e r e d v e r y i n s e c u r e , a n d s u c h ac t s as r u n n i n g , 

j u m p i n g , e tc . , a re o f t e n i m p o s s i b l e w i t h p a t i e n t s so a f f l i c t e d . 

T h e r e g i o n s o f t h e s k i n w h i c h a re s u p p l i e d b y t h e a n t e r i o r c r u 

r a l n e r v e m a y m a n i f e s t d i s t u r b a n c e s o f s e n s i b i l i t y . I f t h e scro

t u m , l a b i u m , h y p o g a s t r i u m , o r i n g u i n a l r e g i o n s e x h i b i t t h e 

s ame d i s t u r b a n c e s o f s e n s i b i l i t y , t h e seat o f t h e p a r a l y s i s i s 

p o s i t i v e l y i n d i c a t e d as b e i n g a b o v e t h e o r i g i n o f t h e b r a n c h e s 

o f t h e t w o u p p e r l u m b a r n e r v e s ( i l i o - h y p o g a s t r i c , i l i o - i n g u i 

n a l , g e n i t o - c r u r a l , a n d e x t e r n a l c u t a n e o u s n e r v e s ) . A m o n g 

t h e e v i d e n c e s o f d i s t u r b e d s e n s i b i l i t y w h i c h y o u m a y be c a l l e d 

u p o n t o r e c o g n i z e m a y be m e n t i o n e d t h e c o n d i t i o n s o f anaes

t h e s i a , h y p e r s e s t h e s i a , t h e s ensa t i ons o f f u r r i n e s s , n u m b n e s s , 

a n d c h i l l i n e s s . 

Atrophy o f t h e m u s c l e s s u p p l i e d b y t h e a n t e r i o r c r u r a l 

n e r v e m a y f o l l o w s u c h p a r a l y s i s . T h i s i s g e n e r a l l y so w e l l 

d e f i n e d as t o b e a p p a r e n t t o t h e n a k e d e y e w h e n t h e t w o 

t h i g h s a re c o m p a r e d ; b u t i t m a y , o c c a s i o n a l l y , b e so s l i g h t as 

t o r e q u i r e c a r e f u l m e a s u r e m e n t o f t h e t h i g h s . I n s o m e cases, 

c e r t a i n m u s c l e s e x h i b i t t h i s a t r o p h y m o r e t h a n o t h e r s o f t h e 

g r o u p , a n d e v e n p a r t s o f m u s c l e s m a y a p p e a r f l a c c i d , r e l a x e d , 

a n d s h r u n k e n , w h i l e o t h e r s p r e s e r v e t h e i r n o r m a l a p p e a r a n c e . 

Crural neuralgia m a y b e m a n i f e s t e d b y p a r o x y s m s o f 

p a i n u p o n t h e a n t e r i o r a n d i n n e r s u r f a c e s o f t h e t h i g h a n d 

l e g . I t m a y a f f e c t t h e i n n e r b o r d e r o f t h e d o r s a l s u r f a c e o f 

t h e f o o t a n d l a r g e t oe . I t i s less f r e q u e n t t h a n n e u r a l g i a o f 

t h e s c i a t i c n e r v e , w h i c h a f f e c t s t h e b a c k o f t h e l e g a n d p l a n t a r 

r e g i o n o f t h e f o o t . T h i s d i s e a s e d c o n d i t i o n m a y r e s u l t f r o m 

c o m p r e s s i o n o f t h e l u m b a r p l e x u s , f r o m d e g e n e r a t i o n o f n e i g h 

b o r i n g l y m p h a t i c g l a n d s , e x u d a t i o n s u p o n o r i n t h e s u b s t a n c e 

o f t h e psoas m u s c l e , a n e u r i s m o f t h e i l i a c a r t e r i e s , s t r a n g u 

l a t e d h e r n i a o f t h e f e m o r a l r e g i o n , d i s l o c a t i o n s a t t h e h i p 

j o i n t , t r a u m a t i s m , e x p o s u r e t o c o l d o r d a m p n e s s , c o x a l g i a , 

e tc . T h e d i a g n o s t i c p o i n t s o f t e n d e r n e s s a r e d e t e c t e d as f o l 

l o w s : 1, a crural p o i n t , a t t h e e x i t o f t h e n e r v e b e l o w P o u -

p a r t ' s l i g a m e n t ; 2, a n anterior femoral point, a t t h e p l a c e 

o f e x i t o f t h e s a p h e n o u s n e r v e t h r o u g h t h e f a s c i a l a t a ; 3, a n 



FIG. 107.—A diagram of the cutaneous supply of the posterior ctspect of the lever extremities. 
15, region supplied by the lateral branches of the intercostal nerves; 1(5, region supplied 

by the posterior branches of the lumbar nerves; 17, region supplied by the iliac 
branch of the ilio hypogastric nerve; 18, region supplied by the pudic nerve; 1'.', 
region supplied by the inferior gluteal branch of the small sciatic nerve; 20, region 
supplied by the external cutaneous nerve ; 21, region supplied by the internal cuta
neous branch of the anterior crural nerve ; 22, region supplied by the small and 
great sciatic nerves ; 23, region supplied by branches from the external popliteal 
nerve; 21, region supplied by the external saphenous nerve ; 25, region supplied by 
the posterior tibial nerve. 
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articular p o i n t , a t t h e i n n e r s i d e o f t h e k n e e j o i n t , w h e r e 

t h e n e r v e d i v i d e s ; 4, a plantar point, o n t h e i n n e r s i d e o f 

t h e f o o t ; a n d , finally, 5, a digital point, o v e r t h e t u b e r o s i t y 

o f t h e b i g t oe . 

Spasm o f t h e m u s c l e s o f t h e h i p , s u p p l i e d b y t h e a n t e r i o r 

c r u r a l n e r v e ( t h e s p a s m o d i c c o n t r a c t u r e o f S t r o m e y e r ) , m a y 

o c c u r f r o m a n y o f t h e causes o f c r u r a l p a r a l y s i s p r e v i o u s l y 

m e n t i o n e d . T h e t h i g h i s t h e n flexed, t h e p e l v i s r a i s e d u p o n 

t h e a f f e c t e d s ide , a n d t h e l i m b s h o r t e n e d a n d m a d e r i g i d . 

THE OBTURATOR XERVE. 

T h i s n e r v e a r i ses m a i n l y f r o m t h e t h i r d a n d f o u r t h l u m b a r 

ne rves , b u t i t o f t e n r ece ives a f a s c i c u l u s f r o m t h e s e c o n d . I t 

descends i n t h e i n n e r m o s t fibers o f t h e psoas m u s c l e , as f a r as 

t h e l e v e l o f t h e b r i m o f t h e p e l v i s , w h e n i t escapes f r o m t h e 

i n n e r b o r d e r o f t h a t m u s c l e , crosses t h e s a c r o - i l i a c a r t i c u l a 

t i o n , a c c o m p a n i e s t h e o b t u r a t o r vessels a l o n g t h e o u t e r w a l l 

o f t h e p e l v i s l y i n g s l i g h t l y a b o v e t h e m , a n d passes i n t o t h e 

t h i g h t h r o u g h t h e u p p e r p a r t o f t h e o b t u r a t o r f o r a m e n . 

T h e t a b l e , 1 p r e v i o u s l y r e f e r r e d t o , w i l l e n a b l e y o u t o g r a s p 

t h e d e t a i l s o f t h e s u b d i v i s i o n s o f t h i s n e r v e , a n d t h e d i s t r i b u 

t i o n o f e a c h b r a n c h ; b u t i t f a i l s t o p o i n t o u t s o m e i m p o r t a n t 

f a c t s p e r t a i n i n g t o t h i s n e r v e , w h i c h h e l p t o e x p l a i n i t s p h y s i 

o l o g i c a l a t t r i b u t e s a n d t o e l u c i d a t e i t s c l i n i c a l b e a r i n g s . 

I n t h e first p l a c e , w e c a n see b y t h i s t a b l e t h a t t h e o b t u 

r a t o r n e r v e sends filaments t o t h e h i p j o i n t a n d t h e k n e e 

j o i n t . T o t h e f o r m e r a r t i c u l a t i o n t w o filaments o f t h i s n e r v e 

c a n be t r a c e d , one g i v e n o f f t o t h e c a p s u l a r l i g a m e n t , as t h e 

n e r v e passes t h r o u g h t h e o b t u r a t o r f o r a m e n , t h e o t h e r g i v e n 

o f f t o t h e l i g a m e n t u m t e r e s i n t h e r e g i o n o f t h e n o t c h i n t h e 

a c e t a b u l u m ; w h i l e , i n t h e case o f t h e k n e e j o i n t , t h e o b t u r a t o r 

n e r v e s ends filaments w h i c h e n t e r t h a t a r t i c u l a t i o n a t i t s pos 

t e r i o r p a r t , a n d w h i c h a r e p r o b a b l y i n t i m a t e l y a s s o c i a t e d 

w i t h i t s i n t e r n a l s t r u c t u r e s . T h e c lose r e l a t i o n w h i c h t h i s 

n e r v e bea r s t o t h e s a c r o - i l i a c a r t i c u l a t i o n r e n d e r s i t p r o b a b l e 

1 Sec page 438 of this volume. 
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that some small filaments from the obturator nerve could be 

t r a c e d t o t h i s j o i n t , a l t h o u g h a n a t o m i c a l a u t h o r s d o n o t m e n 

t i o n t h i s f a c t as p r o v e n . I n r e l a t i o n t o t h i s p o i n t , I q u o t e f r o m 

FIG. 168.— The muscular branches 0/ the anterior and internal portions of the thigh. 
(Sappey.) 

1, anterior crural nerve ; 2, branch which it furnishes to the iliacus muscle ; 3, twig which 
it sends to the internal portion of the psoas muscle : 4, middle cutaneous branch of 
the anterior crural, whose three branches have been divided close to their origin in 
order to show the branches to the quadriceps extensor and the internal saphenous 
nerve, which are more deeply placed ; 5 and 6, muscular filaments of the internal 
cutaneous nerve ; 7, origin of the cutaneous branches which pierce the fascia lata at 
the level of the saphenous opening ; 8, deep or anastomotic filament of the internal 
cutaneous branch of the anterior crural; 9, branches to the rectus muscle ; lb, 
branches to the vastus externus ; 11, branches to the vastus internus; 12, 12, inter
nal saphenous nerve; 13, patellar branch of this nerve; 14, its vertical or tibial 
branch; 15, obturator nerve ; 16, branch which it furnishes to the adductor longus ; 
17, branch to the adductor brevis; IS, branch to the gracilis ; 19, branch to the ad
ductor magnus ; 20, lumbo-sacral trunk ; 21, junction of this nerve with the first 
sacral nerve; 22, 22, lumbar and saTcral portions of the sympathetic; 23, external 
cutaneous nerve. 
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t h e m o s t e x c e l l e n t m o n o g r a p h o f H i l t o n 1 as f o l l o w s : " I a m 

d i s p o s e d t o t h i n k i t sends some f i l a m e n t s t o t h a t a r t i c u l a t i o n , 

o r , a t a n y r a t e , i t l i e s c lose t o i t a n d w o u l d b e l i k e l y t o s u f f e r 

f r o m i t s p r o x i m i t y t o i t w h e n d i s e a s e d . " N o w , t h i s d i s t r i b u 

t i o n t o t h e i n t e r n a l p o r t i o n s o f t w o j o i n t s , a n d p o s s i b l y t o a 

t h i r d , i s t h e bes t p o s s i b l e e x p l a n a t i o n o f t h e f a c t t h a t t h e o b 

t u r a t o r n e r v e i s t h e m o s t f r e q u e n t s o u r c e o f t r a n s m i s s i o n o f 

s y m p a t h e t i c p a i n s , i n case t h e h i p j o i n t be t h e seat o f t h e 

disease, s ince t h e s i t u a t i o n o f i t s f i l a m e n t s causes i t t o pe r 

ce ive t h e f i r s t i n f l a m m a t o r y c h a n g e s w i t h i n t h e h i p ; a n d t h e 

e f f e c t s o f t h i s i r r i t a t i o n a r e n a t u r a l l y m a n i f e s t e d i n i t s t e r m i 

n a l f i l a m e n t s — i n t h e k n e e j o i n t a n d t h e s k i n u p o n t h e i n n e r 

s i de o f t h a t a r t i c u l a t i o n . 

W h e n w e c o n s i d e r t h e c o u r s e o f t h e o b t u r a t o r n e r v e m o r e 

i n d e t a i l , w e v v i l l p e r c e i v e that pain in tlie region of t?ie knee 

m a y be d u e t o o t h e r causes t h a n m o r b u s c o x a r i u s . I t m a y 

be t h e e x t e r n a l e v i d e n c e o f d isease o f t h e t h i r d o r f o u r t h l u m 

b a r ver tebra? , o f disease o f t h e s a c r o - i l i a c a r t i c u l a t i o n , o f a 

psoas abscess p r e s s i n g u p o n i t , a n d , i f t h e p a i n b e c o n f i n e d t o 

t h e l e f t s ide , a d i s t e n t i o n o f t h e s i g m o i d f l e x u r e o f t h e c o l o n 

b y faeces, o r a m a l i g n a n t t u m o r o f t h a t p o r t i o n o f t h e c o l o n 

o r o f t h e r e c t u m m i g h t c r ea t e p a i n i n t h i s r e g i o n . I t i s w e l l , 

t h e r e f o r e , w h e n a p a t i e n t s u f f e r i n g f r o m a p a i n l o c a l i z e d u p o n 

t h e i n n e r a spec t o f t h e k n e e j o i n t i s b r o u g h t t o y o u , t o care

f u l l y e x a m i n e a l l t h e d i f f e r e n t p o r t i o n s o f t h e c o u r s e o f t h e 

o b t u r a t o r , a n t e r i o r c r u r a l , a n d s c i a t i c n e r v e s b e f o r e y o u de

c i d e as t o t h e e x c i t i n g cause o f t h e p a i n , r e m e m b e r i n g a l w a y s 

t h a t p a i n c a n b e p e r c e i v e d t h r o u g h n o o t h e r s t r u c t u r e s t h a n 

t h e n e r v e s w h i c h a re d i s t r i b u t e d t o t h e r e g i o n w h e r e t h e p a i n 

i s f e l t , a n d t h a t , b y f o l l o w i n g t h e c o u r s e o f t h e n e r v e s u f f e r 

i n g f r o m i r r i t a t i o n , t h e seat o f t h e d i sease t o w h i c h t h e p a i n 

i s d u e m a y b e c o n f i d e n t l y s o u g h t f o r . 

T h e d i s t r i b u t i o n o f t h e o b t u r a t o r n e r v e a f f o r d s u s s o m e 

lessons as t o t h e p h y s i o l o g i c a l g r o u p i n g s o f t h e m u s c l e s w h i c h 

a c t u p o n t h e t h i g h a n d l e g . I t f i r s t s u p p l i e s t h e o b t u r a t o r 

e x t e r n u s , a n d t h e n t h e a d d u c t o r b r e v i s , t h e a d d u c t o r l o n g u s , 
1 Op. cit. 
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the adductor magnus, and the gracilis. In some cases the 

p e c t i n e u s i s s u p p l i e d b y t h i s n e r v e o r t h e a c c e s s o r y o b t u r a t o r 

n e r v e , b u t i t s c h i e f s o u r c e o f s u p p l y i s u n d o u b t e d l y f r o m t h e 

a n t e r i o r c r u r a l . T h i s f a c t w o u l d s e e m t o i n d i c a t e t h a t t h e 

g r a c i l i s m u s c l e , w h o s e s u p p l y f r o m t h e o b t u r a t o r n e r v e i s 

v e r y c o n s t a n t , s h o u l d b e c l a s s e d as a n a d d u c t o r m u s c l e , r a t h e r 

t h a n as a flexor, a n d t h a t t h i s i s i t s t r u e a c t i o n s eems w e l l 

p r o v e n o n m e c h a n i c a l p r i n c i p l e s . I t s p o i n t o f i n s e r t i o n i s 

j u s t b e l o w t h e c e n t r a l p o i n t o f t h e l i m b w h i c h i t m o v e s , h e n c e , 

i t seizes t h e l i m b j u s t b e y o n d t h e c e n t r a l p o i n t , b e t w e e n t h e 

f u l c r u m ( t h e h i p j o i n t ) a n d t h e r e s i s t a n c e , a n d i s t h u s a b l e t o 

g r e a t l y a s s i s t t h e a d d u c t o r m u s c l e s . T h e o b t u r a t o r n e r v e i s 

t h u s , p h y s i o l o g i c a l l y c o n s i d e r e d , t h e adductor nerve o f t h e 

l o w e r e x t r e m i t y , w h i l e t h e m u s c l e s w h i c h i t s u p p l i e s a l s o a c t 

as e x t e r n a l r o t a t o r s o f t h e t h i g h , o n a c c o u n t o f t h e o b l i q u i t y 

o f t h e i r fibers. T h a t t h e p e c t i n e u s m u s c l e a c t s as a flexor as 

w e l l as a n a d d u c t o r i s p r o v e n b y i t s n e r v e s u p p l y , as w e l l as 

b y t h e d i r e c t i o n o f i t s fibers a n d i t s p o i n t s o f o r i g i n a n d i n 

s e r t i o n , s i n c e i t r e c e i v e s filaments b o t h f r o m t h e a n t e r i o r c r u 

r a l a n d o b t u r a t o r . 

CLIXICAL POIXTS PERTAINING TO THE OBTURATOR NERVE. 

T h e d i a g n o s t i c v a l u e o f p a i n i n t h e r e g i o n o f t h e k n e e 

j o i n t as a n e v i d e n c e o f d i s e a s e i n o t h e r l o c a l i t i e s , t o w h i c h 

t h e o b t u r a t o r n e r v e i s e i t h e r d i s t r i b u t e d o r w i t h w h i c h i t 

b e a r s s o m e i n t i m a t e r e l a t i o n s , h a s b e e n d i s c u s s e d a l r e a d y a t 

s o m e l e n g t h . 1 S u c h a p a i n m a y b e d e p e n d e n t , h o w e v e r , a l s o 

u p o n l e s i o n s i n t e r f e r i n g w i t h t h e f r e e a c t i o n o f t h e a n t e r i o r 

c r u r a l a n d s c i a t i c n e r v e s , a n d , f o r t h a t r e a s o n , t h e c o u r s e o f 

t h e s e t h r e e n e r v e s s h o u l d a l w a y s b e c a r e f u l l y e x a m i n e d b e 

f o r e a p o s i t i v e d i a g n o s i s c a n b e m a d e as t o t h e e x c i t i n g c a u s e 

o f p a i n i n t h e r e g i o n o f t h e k n e e . 

T h e o b t u r a t o r n e r v e i s e v e n less f r e q u e n t l y a f f e c t e d w i t h 

i s o l a t e d p a r a l y s i s t h a n t h e a n t e r i o r c r u r a l , b u t , i f so, i t m a y 

b e r e f e r a b l e t o t h e s a m e l i s t o f causes . I n a d d i t i o n t o t h e 

causes m e n t i o n e d , m a y b e a d d e d , h o w e v e r , c o m p r e s s i o n o f t h e 

1 See page 448 of this volume. 
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o b t u r a t o r n e r v e f r o m a s t r a n g u l a t e d h e r n i a t h r o u g h t h e o b t u 

r a t o r f o r a m e n , t h e p r e s s u r e e x e r t e d b y t h e h e a d o f a f o e t u s 

d u r i n g i t s passage t h r o u g h t h e p e l v i s , a n d t h e use o f f o r c e p s 

d u r i n g d i f f i c u l t l a b o r s . 

F r o m w h a t h a s b e e n s a i d as t o t h e s u p p l y o f m u s c l e s b y 

t h i s n e r v e , i t i s a p p a r e n t t h a t a p a t i e n t a f f l i c t e d w i t h o b t u 

r a t o r p a r a l y s i s c a n n o t a d d u c t t h e t h i g h , o r p e r f o r m t h e ac t s 

o f p r e s s i n g t h e k n e e s t i g h t l y t o g e t h e r o r o f c r o s s i n g t h e 

a f f e c t e d l e g o v e r t h e o t h e r . S i n c e t h e a d d u c t o r m u s c l e s ass i s t 

i n t h e e x t e r n a l r o t a t i o n o f t h e t h i g h , t h i s m o v e m e n t i s i m 

p a i r e d , e s p e c i a l l y i n t h e s i t t i n g p o s t u r e , w h e n t h e e x t e r n a l 

r o t a t o r s a t t a c h e d t o t h e g r e a t t r o c h a n t e r a r e r e n d e r e d i n e r t . 

T h e a f f e c t e d l e g s o o n b e c o m e s f a t i g u e d i n w a l k i n g , a n d r i d i n g 

u p o n h o r s e b a c k i s d i f f i c u l t , s i nce t h e k n e e s c a n n o t g r a s p t h e 

s a d d l e . S o m e d i s t u r b a n c e s o f s e n s i b i l i t y m a y b e d e t e c t e d i n 

t h e r e g i o n s o f t h e s k i n s u p p l i e d b y t h i s n e r v e ; t h e s e w i l l b e 

t h e s ame i n c h a r a c t e r as t h o s e m e n t i o n e d as e x i s t i n g i n c r u r a l 

p a r a l y s i s . 1 

THE ACCESSORY OBTURATOR XERVE. 

T h i s n e r v e i s s o m e t i m e s w a n t i n g . W h e n i t i s p r e s e n t , i t s 

o r i g i n i s e x t r e m e l y v a r i a b l e . I t m a y a r i s e f r o m t h e t h i r d a n d 

f o u r t h l u m b a r n e r v e s ; f r o m t h e f o u r t h l u m b a r a n d o b t u r a t o r 

n e r v e s ; o r b y s e p a r a t e filaments d e r i v e d f r o m t h e s econd , 

t h i r d , a n d f o u r t h l u m b a r n e r v e s . I t d e s c e n d s a l o n g t h e i n n e r 

s i d e o f t h e psoas m u s c l e , crosses i n f r o n t o f t h e p u b e s , passes 

b e h i n d t h e p e c t i n e u s m u s c l e , a n d t h e r e d i v i d e s i n t o b r a n c h e s 

t o t h e p e c t i n e u s a n d t h e h i p j o i n t . I t u s u a l l y g i v e s o f f a l a r g e 

b r a n c h o f c o m m u n i c a t i o n . t o t h e o b t u r a t o r n e r v e ( w h i c h i s 

o f t e n l a r g e r t h a n t h e c o n t i n u a t i o n o f t h e a c c e s s o r y n e r v e i t 

s e l f ) , a n d t e r m i n a t e s as a c u t a n e o u s n e r v e t o t h e t h i g h a n d 

l e g . 

T h e f r e q u e n t absence o f t h i s n e r v e d e p r i v e s i t o f a n y c l i n 

i c a l i m p o r t a n c e , as i t i s i m p o s s i b l e i n a n y o n e case t o d e c i d e 

i f p a i n i n t h e r e g i o n s s u p p l i e d b y t h e o b t u r a t o r n e r v e i s p a r t l y 

d u e t o t h e a c c e s s o r y o b t u r a t o r o r n o t , w h i l e t h e v a r i a t i o n s i n 

1 Sec page 450 of this volume. 
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t h e m e t h o d o f o r i g i n o f t h e n e r v e r e n d e r s i t i m p o s s i b l e t o 

d e f i n i t e l y d e c i d e as t o t h e s ea t o f i r r i t a t i o n , p r o v i d e d t h e 

p a i n c o u l d b e t r a c e d t o t h e a c c e s s o r y n e r v e a n d l o c a l i z e d 

a b o v e t h e p e l v i s . 

THE SACRAL NERVES. 

We now have reached, in the natural progress of this 

c o u r s e o f l e c t u r e s , t h e t e r m i n a l n e r v e s o f t h e s p i n a l c o r d . 

A s w a s t h e case w i t h t h o s e o f t h e l u m b a r r e g i o n , t h e s a c r a l 

n e r v e s d i v i d e i n t o a n t e r i o r a n d p o s t e r i o r d i v i s i o n s , b u t t h e y 

d i f f e r f r o m t h e l u m b a r n e r v e s i n t h e f a c t t h a t t h e s e a n t e 

r i o r a n d p o s t e r i o r d i v i s i o n s e scape f r o m s e p a r a t e f o r a m i n a 

i n t h e s a c r u m , w h i l e , i n t h e p o r t i o n s o f t h e c o r d a b o v e t h e 

s a c r a l r e g i o n , t h e s p i n a l n e r v e s d i v i d e a f t e r t h e i r e scape 

f r o m t h e i n t e r - v e r t e b r a l f o r a m i n a . T h e s e n e r v e s f o r m , b y 

t h e i r a n t e r i o r d i v i s i o n s a n d t h e a d d i t i o n o f t h e l u m b o - s a c r a l 

c o r d , t h e s a c r a l p l e x u s ; w h i l e t h e i r p o s t e r i o r d i v i s i o n s a r e 

d i s t r i b u t e d t o t h e m u s c l e s o f t h e l o w e r l u m b a r r e g i o n a n d 

t o t h e i n t e g u m e n t o f t h e g l u t e a l , s a c r a l , a n d c o c c y g e a l r e 

g i o n s . 

T h e sacral plexus i s t r i a n g u l a r i n s h a p e , a n d i s f o r m e d 

b y t h e l u m b o - s a c r a l c o r d , t h e t h r e e u p p e r s a c r a l n e r v e s 

( t h e i r a n t e r i o r d i v i s i o n s ) , a n d a p o r t i o n o f t h e f o u r t h sa

c r a l n e r v e . I t s c o n s t i t u e n t fibers c o n v e r g e t o f o r m o n e flat

t e n e d c o r d , w h i c h l e a v e s t h e p e l v i s t h r o u g h t h e l o w e r p a r t 

o f t h e g r e a t s a c r o - s c i a t i c f o r a m e n , b e l o w t h e p y r i f o r m i s 

m u s c l e , w h i l e , w i t h i n t h e p e l v i s , t h e p l e x u s l i e s u p o n t h e 

p y r i f o r m i s m u s c l e , a n d i s c o v e r e d b y t h e p e l v i c f a s c i a a n d 

t h e t w o t e r m i n a l b r a n c h e s o f t h e a n t e r i o r d i v i s i o n o f t h e 

i n t e r n a l i l i a c a r t e r y ( t h e s c i a t i c a n d p u d i c ) . T h e b r a n c h e s 

w h i c h a r e g i v e n o f f b y t h i s p l e x u s a r e a r r a n g e d , i n t h e 

t a b l e w h i c h I n o w s h o w y o u , i n s u c h a w a y as t o m a k e 

t h e m a p p a r e n t t o t h e e y e , w h i l e t h e d i s t r i b u t i o n o f e a c h 

i s s h o w n i n t h e n e x t t a b l e i n d e t a i l . T h e first t a b l e i s 

n o t i n t e n d e d t o e x h i b i t a l o n e t h e b r a n c h e s o f t h e s a c r a l 

p l e x u s , b u t r a t h e r t o g i v e t h e g e n e r a l a r r a n g e m e n t o f t h e 
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s a c r a l n e r v e s i n t h e i r e n t i r e t y . Y o u w i l l p e r c e i v e t h a t 

t h e a r r a n g e m e n t o f b o t h t h e a n t e r i o r a n d p o s t e r i o r d i v i s 

i o n s i s c o n s i d e r e d , a n d t h a t t h e c o m p o n e n t p a r t s o f t h e 

s a c r a l p l e x u s , as w e l l as i t s m a i n s u b d i v i s i o n s , a re c l e a r l y set 

f o r t h . 
NERVES OF THE SACRAL REGION. 1 

Posterior 
divisions. 

SACRAL , 
NERVES, i 

Anterior 
divisions. 

External 
branches. 

Internal 
branches. 

LUMBO-SACRAL 
CORD. 

1ST SACRAL 
nerve. 

2D SACRAL 

dD SACRAL 
nerve. 

PART OF 4TH SA
CRAL nerve. 

Form anastomotic loops on the back part 
of the sacrum and on the posterior aspect 
of the great sacro-sciatic ligament, 

Terminate in cutaneous branches in the 
gluteal region. 

Are distributed to the multifidus spinse 
muscle, 

The back part of the coccyx is supplied by 
the two lower nerves. 

( 1 ) SUPERIOR GLUTEAL NERVE, 

(2) MUSCULAR BRANCHES, 

(3) SMALL SCIATIC NERVE, 

(4) GREAT SCIATIC NERVE, 

. SACRAL 
nerve, y P L E X U S . { 

(5) PUDIC NERVE, 

(6) ARTICULAR. 

E a c h o f t h e five b r a n c h e s o f t h e s a c r a l p l e x u s , as w e l l as 

t h o s e i n c l u d e d i n t h e m u s c u l a r g r o u p , t o w h i c h n o s p e c i a l 

n a m e s a re g i v e n , w i l l n o w b e s e p a r a t e l y d e s c r i b e d . I h a v e 

e n d e a v o r e d t o e m b r a c e i n t h i s s e c o n d t a b l e a l l t h e p o i n t s 

p e r t a i n i n g t o t h e p u r e l y a n a t o m i c a l d i s t r i b u t i o n o f e a c h 

o f these ne rves , b u t m u c h o f i n t e r e s t , f r o m a c l i n i c a l as

p e c t , s t i l l r e m a i n s i n r e l a t i o n t o s o m e o f t h e m , w h i c h c a n 

n o t b e s h o w n i n a t a b u l a r f o r m . T h i s t a b l e w i l l , h o w e v e r , 

p r o v e o f a s s i s t ance t o y o u i n r e v i e w i n g t h e d i s t r i b u t i o n o f 

t h e n e r v e w h i c h i s , a t a n y t i m e , u n d e r d i s c u s s i o n , a n d , f u r 

t h e r m o r e , a v o i d l e n g t h y d e s c r i p t i o n s o f a p u r e l y a n a t o m i c a l 

c h a r a c t e r . 

1 Taken from the "Essentials of Anatomy" (Darling and Ranney). G. P. Putnam's 
Sons, New York, 1880. 
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DISTRIBUTION OF T n E BRANCHES OF THE SACRAL PLEXUS. 

SUPERIOR 
GLUTEAL. 

SACRAL , 
PLEXUS. * 

Superior branch. 

Inferior branch. 

Gluteus mcdius muscle. 
Gluteus minimus muscle. 
Gluteus mcdius muscle, 
Gluteus minimus muscle, 
Tensor vaginae femoris. 

MUSCULAR 
branches. 

ARTICULAR 
branches. 

SMALL 
SCIATIC 

NERVE. 

Pyrifornr 
Obturator internus, 

1 Gemellus superior, 
j Gemellus inferior, 
(_ Quadratus femoris. 

j- To hip joint. 
'Inferior glutccd { Gluteus maximus muscle, 

branch. ( Integument of the side of the penis or vulva. 
( Integument of perinaeum, 

Inferior puden- J Integument of upper and inner part of the 
dal branch. 

Cutaneous 
branch. 

j thigh, 
(_ Integument of scrotum 
r 

or labium. 

I 

GREAT 
SCIATIC 

NERVE. 

PUDIC 
NERVE. 

Ascending. 

Descending 

Integument over the ; 
maximus muscle. 

•luteus 

( Integument of the inner and 
\ outer sides of posterior 

Articular (to the hip joint). 
f Adductor magnus, 

Semi-membranosus, 

aspect of the thigh. 

Muscular 

Terminal 

Perineal 

Semi-tendinosus, 
Biceps flexor cruris. 
EXTERNAL POPLITEAL NERVE, 
INTERNAL POPLITEAL NERVE. 
Cutaneous or ( Integument of anal region, 

superficial \ scrotum, penis, and labia, 
perineal. { Sphincter ani muscle. 

[ Muscular \ Muscles of the perinaeum. 
Inferior hemorrhoidal. 
Dorsal, nerve of ( Integument of the dorsum of the penis, 

penis. \ Branch to corpora cavernosa of the penis. 

THE SUPERIOR GLUTEAL NERVE. 

This nerve arises from the back part of the lumbo-sacral 

c o r d , a n d , w h i l e g e n e r a l l y i n c l u d e d as a b r a n c h o f t h e s a c r a l 

p l e x u s , c a n n o t be , t h e r e f o r e , p r o p e r l y r e g a r d e d as a n e r v e o f 

s a c r a l o r i g i n . I t e scapes f r o m t h e p e l v i s t h r o u g h t h e u p p e r 

p a r t o f t h e g r e a t s a c r o - s c i a t i c f o r a m e n , i n c o m p a n y w i t h t h e 

g l u t e a l vesse l s , l y i n g a b o v e t h e p y r i f o r m i s m u s c l e . I t d i v i d e s 

i n t o a s u p e r i o r a n d a n i n f e r i o r b r a n c h , as i s s h o w n i n t h e 

t a b l e 2 t o w d i i c h I h a v e c a l l e d y o u r s p e c i a l a t t e n t i o n , t h e f o r 

m e r o f w h i c h a c c o m p a n i e s t h e s u p e r i o r g l u t e a l a r t e r y b e t w e e n 

1 Modified from a table taken from " The Essentials of Anatomy " (Darling and Ran
ney). G. P. Putnam's Sons, New York, 1S81. 

2 See page 459 of this volume. 
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t h e g l u t e u s m e d i u s a n d m i n i m u s m u s c l e s , w h i l e t h e l a t t e r 

passes b e t w e e n t h e same m u s c l e s , b u t l o w e r t h a n i t s f e l l o w . 

T h e d i s t r i b u t i o n o f t h i s n e r v e t o t h e g l u t e u s m e d i u s , 

g l u t e u s m i n i m u s , a n d t e n s o r vag inae f e m o r i s m u s c l e s , s t a m p s 

i t as t h e one w h i c h p r e s i d e s c h i e f l y o v e r t h e a c t o f internal 

rotation of tlie thigh, s ince t he se t h r e e m u s c l e s a r e t h e o n l y 

ones w h i c h c a n p e r f o r m t h i s l i m i t e d m o v e m e n t o f t h e f e m u r . 

I t s c u t a n e o u s d i s t r i b u t i o n a g a i n c o n f i r m s t h e a x i o m s o f H i l 

t o n ; 1 s ince t h e s k i n o v e r t hese m u s c l e s i s t h u s s u p p l i e d , w h i l e 

some filaments r u n n i n g o v e r t h e f a s c i a l a t a , t o w h i c h t h e 

t e n s o r vagina? f e m o r i s i s a t t a c h e d , c a n b e d e m o n s t r a t e d . 

CLINICAL POINTS PERTAINING TO THE SUPERIOR GLUTEAL NERVE. 

T h e c u t a n e o u s c o v e r i n g o f t h e g l u t e u s m e d i u s a n d m i n i 

m u s m u s c l e s i s n o t a l o n e s u p p l i e d b y t h e g l u t e a l n e r v e , as 

t h e l u m b a r n e r v e s m a y b e seen c o u r s i n g a l o n g o v e r t h e l o w e r 

p a r t o f t h e a b d o m e n , t h e n p a s s i n g o v e r t h e c r e s t o f t h e i l i u m , 

a n d finally r e a c h i n g t h i s p a r t o f t h e t h i g h . W h i l e t h i s m i g h t 

seem, a t a first g l a n c e , t o b e a p e c u l i a r a d m i x t u r e o f l u m b a r 

a n d s a c r a l ne rves , y e t , o n r e t u r n i n g t o a p o i n t j u s t m a d e , w e 

d i s c o v e r t h a t t h e s u p e r i o r g l u t e a l n e r v e i s o f l u m b a r o r i g i n , 

a l t h o u g h a p p a r e n t l y a b r a n c h o f t h e s a c r a l p l e x u s ; hence , 

t h e s k i n , s u p p l i e d b y b r a n c h e s o f l u m b a r o r i g i n , p r o t e c t s a l l 

t h o s e r e g i o n s t o w h i c h m u s c u l a r b r a n c h e s d e r i v e d f r o m t h e 

same sources c a n be t r a c e d . W e see t h e r e g i o n o f t h e g l u t e u s 

m a x i m u s m u s c l e a p p a r e n t l y a v o i d e d b y t h e n e r v e s w h i c h 

d e s c e n d f r o m t h e a b d o m e n t o s u p p l y t h e s k i n o f t h e a d j o i n 

i n g r e g i o n , a n d , w h e n w e seek f o r a n e x p l a n a t i o n o f t h e f a c t , 

w e find t h a t t h i s m u s c l e i s s u p p l i e d b y t h e s m a l l s c i a t i c n e r v e 

( d e r i v e d f r o m t h e s a c r a l p l e x u s , a n d h a v i n g n o c o n n e c t i o n 

w i t h t h e l u m b a r n e r v e s ) ; h e n c e , t h e i n t e g u m e n t c o v e r i n g 

t h a t m u s c l e c o u l d n o t b e s u p p l i e d b y n e r v e s w h o s e s o u r c e o f 

o r i g i n w o u l d p r e v e n t a p e r f e c t s y m p a t h y b e t w e e n t h e s k i n 

a n d t h e m u s c u l a r s t r u c t u r e s w h i c h i t c o v e r s . 

T h e r e l a t i o n o f t h i s n e r v e t o t h e g l u t e a l a r t e r y , as i t es

capes f r o m t h e g r e a t s a c r o - s c i a t i c f o r a m e n , g i v e s i t a s u r g i c a l 

1 See page 359 of this volume. 2 Hilton, op cit. 
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importance, as that vessel is sometimes ligated for haemor

r h a g e f r o m s o m e o f i t s b r a n c h e s . 

T h e t h r e e m u s c l e s s u p p l i e d b y t h e s u p e r i o r g l u t e a l n e r v e , 

i f a c t i n g i n c o n n e c t i o n w i t h t h e g l u t e u s m a x i m u s m u s c l e , b e 

c o m e t h e abductors o f t h e h i p j o i n t , w h i l e t h e p o s t e r i o r 

h a l f o f t h e g l u t e u s m e d i u s a n d t h e p o s t e r i o r fifth o f t h e 

g l u t e u s m i n i m u s a s s i s t i n extension o f t h e t h i g h u p o n t h e 

t r u n k , s i n c e t h e i r o r i g i n l i e s o n a p l a n e p o s t e r i o r t o t h e i r 

i n s e r t i o n i n t o t h e t r o c h a n t e r . T h u s w e a r e e n a b l e d t o c l a s s 

t h e s u p e r i o r g l u t e a l n e r v e as a f a c t o r i n t h r e e o f t h e m o v e 

m e n t s o f t h e h i p j o i n t , v i z . , i n t e r n a l r o t a t i o n , a b d u c t i o n , a n d 

e x t e n s i o n . 

W h e n t h e s u p e r i o r g l u t e a l n e r v e i s s u b j e c t e d t o i r r i t a t i o n , 

a spasmodic condition o f t h e g l u t e a l m u s c l e s m a y b e p r o 

d u c e d . I t i s e x t r e m e l y r a r e t o h a v e s u c h a c o n d i t i o n d e v e l 

o p e d i n t h e g l u t e i m u s c l e s a l o n e , b u t o n e s u c h case i s r e p o r t e d 

b y R e m a k . I n t h i s case t h e s p a s m s o f t h e l e g s c o n s i s t e d o f a 

se r ies o f g l u t e a l c o n t r a c t i o n s w h i c h , w h e n t h e p a t i e n t w o u l d 

a t t e m p t t o w a l k , w o u l d d r a w t h e l e g b a c k w a r d a n d r e n d e r i t 

fixed i n t h a t p o s i t i o n . W e see, h o w e v e r , t h e g l u t e i m u s c l e s 

f r e q u e n t l y a f f e c t e d w i t h s p a s m ( i n c o n n e c t i o n w i t h m u s c l e s o f 

t h e l o w e r e x t r e m i t y s u p p l i e d b y o t h e r n e r v e s ) i n t e t a n u s , 

r h e u m a t i c i n f l a m m a t i o n * o f t h e h i p j o i n t , a r t h r a l g i a , n e u r a l 

g i a , a n d l e s i o n s w i t h i n t h e p e l v i s w h i c h a f f e c t t h e s a c r a l 

p l e x u s . 

T h e g l u t e a l m u s c l e s m a y b e a f f e c t e d w i t h paralysis, b u t 

i t i s r a r e t h a t t h e p a r a l y s i s i s c o n f i n e d e x c l u s i v e l y t o t h a t 

r e g i o n . A s a r u l e , t h e s e m u s c l e s b e c o m e a f f e c t e d as t h e r e s u l t 

o f l e s i o n s w h i c h i n v o l v e t h e s a c r a l p l e x u s t o a g r e a t e r o r l e ss 

e x t e n t , s u c h as s p i n a l d i seases , t u m o r s i n t h e s p i n a l c a n a l o r 

p e l v i s , l e s i o n s o f t h e c a u d a e q u i n a , f r a c t u r e s o f t h e s a c r u m , 

f r a c t u r e s o f t h e p e l v i s , e t c . , so t h a t t h e p a r a l y s i s o f t h e g l u t e i 

m u s c l e s i s m a s k e d b y a s i m i l a r c o n d i t i o n o f m u s c l e s s u p p l i e d 

b y o t h e r n e r v e s . W h e n t h e g l u t e i m u s c l e s a r e p a r a l y z e d , i n 

c o n n e c t i o n w i t h t h e t e n s o r v a g i n a e f e m o r i s , t h e p y r i f o r m i s , 

a n d t h e o b t u r a t o r i n t e r n u s , as i s m o r e f r e q u e n t l y o b s e r v e d , 

t h e r o t a t i o n o f t h e t h i g h i n w a r d b e c o m e s i m p o s s i b l e , a n d o u t -
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r o t a t i o n ; a n d i t i s t o b e r e m e m b e r e d t h a t t h i s m o v e m e n t i s 

b u t a s e c o n d a r y f u n c t i o n w i t h t he se l a t t e r m u s c l e s , s i nce t h e y 

a r e d e s i g n e d c h i e f l y t o i n s u r e a d d u c t i o n a n d flexion o f t h e 

t h i g h . E a c h m u s c l e o f a g r o u p i s u s u a l l y s u p p l i e d b y t h a t 

n e r v e w h o s e b r a n c h e s a r e a l so d i s t r i b u t e d t o o t h e r s o f t h a t 

g r o u p w h i c h a i d i n i t s p r i m a r y a c t i o n , r a t h e r t h a n i n a n y 

s e c o n d a r y m o v e m e n t i n w h i c h i t m a y c h a n c e t o p a r t i c i p a t e ; 

h e n c e t h e psoas a n d i l i a c u s d e r i v e t h e i r p o w e r f r o m t h e a n t e 

r i o r c r u r a l , t h e a d d u c t o r m u s c l e s f r o m t h e o b t u r a t o r , a n d t h e 

five m u s c l e s p o s t e r i o r t o t h e h i p j o i n t f r o m t h e s a c r a l p l e x u s , 

a n d t h u s t h e p r i m a r y a c t i o n o f e a c h g r o u p i s i n d i c a t e d b y t h e 

n e r v o u s s u p p l y , as w e l l as b y t h e p o i n t s o f o r i g i n a n d inse r 

t i o n o f e a c h m u s c l e . 

THE SMALL SCIATIC XERVE. 

This branch of the sacral plexus is given off from its lower 

a n d p o s t e r i o r p a r t , a n d escapes f r o m t h e p e l v i s t h r o u g h t h e 

s ac ro - sc i a t i c f o r a m e n , b e l o w t h e p y r i f o r m i s m u s c l e , i n c o m 

p a n y w i t h t h e s c i a t i c vessels . I t d e s c e n d s b e n e a t h t h e g l u t e u s 

m a x i m u s m u s c l e , i n w h i c h r e g i o n i t l i e s t o t h e i n n e r s i de o f 

t h e g r e a t s c i a t i c n e r v e , a n d c o n t i n u e s b e n e a t h t h e f a s c i a l a t a 

as l o w d o w n as t h e p o p l i t e a l space, w h e r e i t p e r f o r a t e s t h i s 

f a s c i a a n d j o i n s w i t h t h e e x t e r n a l s a p h e n o u s n e r v e , g i v i n g o f f 

a l s o c u t a n e o u s b r a n c h e s o f i t s o w n t o t h e p o p l i t e a l space a n d 

t h e b a c k o f t h e c a l f . 

T h e b r a n c h e s o f t h i s n e r v e , w h i c h a r e e n u m e r a t e d i n t h e 

t a b l e , 1 c o m p r i s e t h e i n f e r i o r g l u t e a l , t h e i n f e r i o r p u d e n d a l , 

a n d t h e c u t a n e o u s filaments d i s t r i b u t e d o v e r t h e g l u t e u s m a x 

i m u s m u s c l e , a n d t h e r e g i o n s p r e v i o u s l y m e n t i o n e d . T h e f a c t 

t h a t t h i s n e r v e s u p p l i e s t h e g l u t e u s m a x i m u s m u s c l e w i t h 

m o t o r p o w e r g i v e s i t a n i m p o r t a n c e t o t h e a n a t o m i s t , s i nce 

t h i s m u s c l e i s one o f t h e m o s t i m p o r t a n t f a c t o r s i n r e g u l a t i n g 

t h e p o s i t i o n o f t h e t r u n k a n d t h e l o w e r e x t r e m i t y d u r i n g a l l 

t h e v a r i o u s a t t i t u d e s a s s u m e d b y t h e l i v i n g s u b j e c t ; b u t 

t h e r e a r e a l so s o m e s u g g e s t i o n s o f v a l u e w h i c h h a v e b e e n 

t h r o w n o u t b y p r e v i o u s a u t h o r s u p o n a n a t o m y w h i c h w i l l 

1 Sec page 459 of this volume. 
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m e r i t y o u r c l o s e s t a t t e n t i o n , e s p e c i a l l y as t h e y a r e o m i t t e d 

i n s o m e o f t h e d e s c r i p t i v e t e x t - b o o k s . 

FIG. 169.— The small sciatic nerve, with Us branches of distribution and termination. 
(Sappey.) 

1, superior gluteal nerve; 2, small sciatic nerve; S, 3, 3, branches to the gluteus 
maximus; 4, branch to the pyramidalis; 5, internal pudendal branch of the small 
sciatic; 6, fcmoro-poplitcal branch of the same nerve; 7, 7, trunk of the great sci
atic ; 8, branch which it gives to the long head of the biceps; 9, branch to the short 
head of the same muscle; 10, 10, branch to the semi-tendinosus (the latter muscle 
has been divided and turned back, to show the semi-membranosus); 11, 11, brandh 
to the semi membranosus; 12, 12, another branch, rising from the common trunk 
with the preceding nerve, and passing under the semi-membranosus to be distributed 
to the adductor magnus; 13, external popliteal nerve; 14, internal popliteal nerve ; 
15, filament to the plantaris ; 16, 16, nerves to the gastrocnemius; 17, origin of the 
external saphenous nerve. 

In the first place, this nerve sends filaments to the peri

naeum and genitals' of the male and female, after supplying 
1 In the female, the filaments probably go to the vulva and vagina ; but, in the male, 
the side of the penis is thus supplied. 
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t h e g l u t e u s m a x i m u s m u s c l e ; a n d t h e s u g g e s t i o n i s m a d e b y 

H i l t o n , i n r e f e r e n c e t o t h i s p o i n t , t h a t t h e a c t i o n o f t h i s 

m u s c l e i n i t s relation to coitus m a y t e n d t o e x p l a i n t h e neces

s i t y f o r a s y m p a t h y b e t w e e n t he se t w o p a r t s b y m e a n s o f a 

c o m m o n n e r v e s u p p l y . 

A g a i n , t h e r e c o g n i t i o n o f t h e p e r i n e a l b r a n c h o f t h e s m a l l 

s c i a t i c n e r v e i s s o m e t i m e s i m p o r t a n t i n p r a c t i c e . I f y o u care 

t o t r a c e t h i s n e r v e u p o n t h e d e a d s u b j e c t , y o u w i l l f i n d t h a t 

i t escapes f r o m b e n e a t h t h e p e r i n e a l b o r d e r o f t h e g l u t e u s 

m a x i m u s m u s c l e , r u n s a l o n g t h e o u t e r p o r t i o n o f t h e p e r i 

naeum, a n d , f i n a l l y , sends c u t a n e o u s filaments t o t h e s ides o f 

t h e p e n i s . T h e p e r i n e a l r e g i o n i s a l s o s u p p l i e d b y t h e p e r i 

n e a l b r a n c h e s o f t h e p u d i c n e r v e , w h i c h escape, p o s t e r i o r l y 

t o t h o s e o f t h e s c i a t i c , f r o m b e n e a t h t h e s ame m u s c l e . N o w , 

e i t h e r o f t he se t w o n e r v e s m a y b e t h e cause o f a p a i n r e f e r r e d 

t o t h e p e r i n a e u m a n d t h e p e n i s , a n d t h e i r p o i n t s o f escape 

f r o m b e n e a t h t h e g l u t e u s m a x i m u s m u s c l e a r e so p l a c e d as t o 

r e n d e r t h e m f r e q u e n t l y s u b j e c t e d t o p r e s s u r e f r o m s i t t i n g 

u p o n h a r d o r u n e v e n seats. I t i s t h u s p o s s i b l e f o r p a i n s , 

r e f e r r e d t o t h e p e n i s , t o b e w r o n g l y a t t r i b u t e d t o diseases o f 

t h e b l a d d e r , c a l c u l u s i n t h e b l a d d e r , u r e t h r a l t r o u b l e s , a n d 

a l l o t h e r t y p e s o f d isease w h i c h a r e c o m m o n l y i n d i c a t e d b y 

m o r e o r less p a i n i n t h a t l o c a l i t y , w h e n t h e cause m a y b e 

f o u n d a n d c o r r e c t l y d i a g n o s e d b y f o l l o w i n g u p t h e c o u r s e o f 

t h e p e r i n e a l b r a n c h o f t h e s m a l l s c i a t i c . S u c h a case i s 

r e p o r t e d b y H i l t o n , w h e r e p r o m i n e n t s u r g e o n s o f E u r o p e , 

a m o n g t h e m M r . K e y , h a d d i l i g e n t l y a n d u n s u c c e s s f u l l y 

s e a r c h e d f o r t h e cause o f a p a i n , r e f e r r e d t o t h e p e n i s , a l o n g 

t h e c o u r s e o f t h e p u d i c n e r v e , a n d w h e r e t h e p a t i e n t h a d 

b e e n t r e a t e d f o r d isease o f t h e b l a d d e r , a c a r e f u l e x a m i n a t i o n 

s u b s e q u e n t l y r e v e a l i n g t h e t r u e cause t o b e a s p o t o f h a r d e n e d 

t i s s u e p r e s s i n g u p o n t h e p e r i n e a l b r a n c h o f t h e s m a l l s c i a t i c 

n e r v e , w h i c h w a s c u r e d (as w e l l as t h e p a i n w h i c h i t c r e a t e d ) 

b y t h e a p p l i c a t i o n o f n i t r i c a c i d o v e r t h e sea t o f t h i c k e n i n g . 

I t i s , t h e r e f o r e , w e l l t o r e m e m b e r t h e c o u r s e o f t h i s b r a n c h , 

as w e l l as t h o s e o f t h e p u d i c n e r v e , w h e n i n v e s t i g a t i n g f o r t h e 

cause o f p a i n i n t h e p e n i s o r p e r i n a e u m . 
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THE PUDIC XERVE. 

This branch of the sacral plexus arises from its lower part, 

a n d i m m e d i a t e l y e scapes f r o m t h e p e l v i s b y m e a n s o f t h e 

g r e a t s a c r o - s c i a t i c f o r a m e n i n c o m p a n y w i t h t h e p u d i c a r t e r y , 

t h e s c i a t i c ves se l s a n d n e r v e s , a n d t h e g l u t e a l vesse l s a n d 

n e r v e s . T h e s i t u a t i o n o f t h e n e r v e i n t h i s f o r a m e n i s o n t h e 

i n n e r s i d e o f t h e g r e a t s c i a t i c n e r v e , b o t h o f w h i c h e scape 

t h r o u g h t h e l o w e r p a r t o f t h e f o r a m e n , b e n e a t h t h e p y r i 

f o r m i s m u s c l e . T h e p u d i c n e r v e t h e n r e e n t e r s t h e p e l v i s 

t h r o u g h t h e l e s se r s a c r o - s c i a t i c f o r a m e n , i n c o m p a n y w i t h i t s 

a r t e r y , a n d i m m e d i a t e l y g i v e s o f f i t s i n f e r i o r h e m o r r h o i d a l 

b r a n c h . F r o m t h i s p o i n t t h e n e r v e passes a l o n g t h e o u t e r 

w a l l o f t h e i s c h i o - r e c t a l f o s s a , l y i n g a b o v e t h e p u d i c a r t e r y 

( b o t h a r t e r y a n d n e r v e b e i n g c o v e r e d b y t h e o b t u r a t o r f a s 

c i a ) , a n d d i v i d e s i n t o t h e p e r i n e a l b r a n c h a n d t h e d o r s a l n e r v e 

o f t h e p e n i s . 

O f t h e s e t h r e e b r a n c h e s o f t h e p u d i c n e r v e , t h e d i s t r i b u 

t i o n h a s b e e n g i v e n i n a p r e v i o u s t a b l e , b u t w i t h less d e t a i l 

t h a n t h e s u b j e c t , p e r h a p s , d e m a n d s . 

T h e inferior hemorrhoidal nerve o c c a s i o n a l l y a r i s e s d i 

r e c t l y f r o m t h e s a c r a l p l e x u s r a t h e r t h a n as a b r a n c h o f t h e 

p u d i c ; i t s c o u r s e r u n s a l o n g t h e i s c h i o - r e c t a l f o s s a , a n d i t i s 

d i s t r i b u t e d t o t h e s p h i n c t e r m u s c l e s o f t h e r e c t u m a n d t h e 

s k i n a r o u n d t h e r e g i o n o f t h e a n u s . I t c o m m u n i c a t e s f r e e l y 

i n t h i s r e g i o n w i t h t h e s u p e r f i c i a l p e r i n e a l a n d i n f e r i o r p u 

d e n d a l n e r v e s . 

T h e perineal nerve i s t h e l a r g e s t b r a n c h o f t h e p u d i c , a n d 

a c c o m p a n i e s t h e s u p e r f i c i a l p e r i n e a l a r t e r y . I t d i v i d e s i n t o 

t w o se ts o f t e r m i n a l f i l a m e n t s — t h e c u t a n e o u s o r s u p e r f i c i a l 

p e r i n e a l n e r v e s a n d m u s c u l a r b r a n c h e s . T h e f o r m e r o f t h e s e 

g i v e a f e w t w i g s t o t h e s p h i n c t e r a n i a n d l e v a t o r a n i m u s c l e s , 

b u t a r e c h i e f l y d i s t r i b u t e d t o t h e i n t e g u m e n t o f t h e p e r i n a e u m , 

s c r o t u m , l a b i u m , a n d t h e p e n i s , c o m m u n i c a t i n g f r e e l y , i n t h e 

r e g i o n o f t h e a n u s , w i t h t h e i n f e r i o r h e m o r r h o i d a l n e r v e . 

T h e m u s c u l a r b r a n c h e s u s u a l l y a r i s e f r o m t h e p u d i c n e r v e 

b y a c o m m o n t r u n k , w h i c h passes f o r w a r d a n d i n w a r d u n -
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d e r n e a t l i t h e t r a n s v e r s e p e r i n e i m u s c l e ; i t s t e r m i n a l fila

m e n t s a re g i v e n o f f t o t h e t r a n s v e r s e p e r i n e i , e r e c t o r p e n i s , 

a c c e l e r a t o r u r inae , a n d c o m p r e s s o r u r e t h r a ? m u s c l e s , a n d a 

t w i g i s o f t e n s en t t o t h e b u l b o f t h e u r e t h r a . 

T h e dorsal nerve of the penis i s t h e s m a l l e r t e r m i n a l fila

m e n t o f t h e p u d i c n e r v e , w h i c h a c c o m p a n i e s t h e p u d i c a r t e r y 

a l o n g t h e r a m i o f t h e p u b e s a n d i s c h i u m , b e t w e e n t h e l a y e r s 

o f t h e d e e p p e r i n e a l f a s c i a ; i t t h e n p i e r c e s t h e s u s p e n s o r y l i g 

a m e n t o f t h e p e n i s a n d c o n t i n u e s i t s w a y a l o n g t h e d o r s u m o f 

t h a t o r g a n as f a r as t h e g l a n s p e n i s . I t g i v e s a b r a n c h t o t h e 

c o r p u s c a v e r n o s u m , a n d s u p p l i e s t h e i n t e g u m e n t o f t h e d o r 

s u m 1 o f t h e p e n i s ; i n t h e f e m a l e t h e c o u r s e o f t h e n e r v e i s 

a b o u t t h e same, a l t h o u g h t h e size o f t h e n e r v e i s s m a l l e r , 

s ince t h e c l i t o r i s i s m i n u t e i n i t s size as c o m p a r e d w i t h t h e 

o r g a n o f t h e m a l e . 

CLINICAL POINTS PERTAINING TO THE PUDIC NERVE. 

A careful study of the distribution of the various branches 

o f t h i s n e r v e w i l l s h o w t h a t i t i s t h e s o u r c e o f m o t i o n t o t h e 

m u s c l e s o f t h e p e r i m e u m a n d u r e t h r a , a n d o f s e n s a t i o n t o t h e 

i n t e g u m e n t o f t h e p e r i n a e u m , s c r o t u m , l a b i u m , p e n i s , a n d t h e 

m u c o u s c o v e r i n g o f t h e c l i t o r i s , as w e l l as t h a t l i n i n g t h e 

u r e t h r a l c a n a l . T h e f r i c t i o n m a d e u p o n t h e c u t a n e o u s n e r v e s 

o f t h e e x t e r n a l g e n i t a l o r g a n s i n t h e ac t s o f s e x u a l i n t e r c o u r s e 

a n d m a s t u r b a t i o n c rea tes a r e f l e x a c t w i t h i n t h e s p i n a l c o r d , 

w h i c h c rea tes t h e t u r g i d i t y o f t h e p e n i s a n d c l i t o r i s d u r i n g t h e 

first p o r t i o n o f t h o s e ac t s ; a n d , l a t e r o n , a ser ies o f m u s c u l a r 

c o n t r a c t i o n s i n t h e p e r i n e a l m u s c l e s a n d t h e i n v o l u n t a r y m u s 

c u l a r fiber o f t h e u r e t h r a l c a n a l a r e p r o d u c e d , w h i c h ass i s t i n 

t h e e x p u l s i o n o f s e m e n , i n t h e m a l e , a n d t h e s e c r e t i o n o f t h e 

g l a n d s o f B a r t h o l i n e i n t h e f e m a l e . T h a t t h i s i s t h e t r u e 

e x p l a n a t i o n o f e m i s s i o n i s e v i d e n c e d b y t h e f a c t t h a t o n a n -

1 Hilton states that the integument of the sides of the penis is supplied by the perineal 
branclt of the inferior gluteal nerve, and from no other source. This statement differs 
from most of the standard authors, but it seems to be supported by clinical demonstra
tion. The reader is referred to page 400 of this volume, where the subject is discussed 
from its physiological and clinical point of view. 
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i s m i s m o s t e f f e c t u a l l y p r e v e n t e d b y b l i s t e r i n g t h e c u t a n e o u s 

c o v e r i n g o f t h e p e n i s a n d t h e m u c o u s c o v e r i n g o f t h e c l i t o r i s . 

I n s o m e cases o f f r a c t u r e o f t h e s p i n e , i n t h e d o r s a l r e g i o n , 

w h e r e a p a r t o f t h e s p i n a l m a r r o w i s l e f t i n t a c t b e l o w t h e sea t 

o f f r a c t u r e , y o u m a y b e a b l e , b y r e p e a t e d l y p i n c h i n g t h e s k i n 

o f t h e s c r o t u m a n d p e n i s , t o p r o d u c e s p a s m o d i c c o n t r a c t i o n s 

o f t h e m u s c l e s o f t h e p e r i n a e u m a n d u r e t h r a , a n d o f t e n t o 

e f f e c t a t u r g i d i t y o f t h e g e n i t a l o r g a n t o s u c h a d e g r e e as t o 

m a k e i t r e s e m b l e a n i m p e r f e c t e r e c t i o n o r p r i a p i s m . 

T h e e j a c u l a t i o n o f t h e l a s t f e w d r o p s o f u r i n e f r o m t h e 

u r e t h r a i s u n q u e s t i o n a b l y e f f e c t e d b y a r e f l e x a c t t h r o u g h t h e 

s e n s o r y a n d m o t o r f i b e r s o f t h e p u d i c n e r v e , i n c o n s e q u e n c e 

o f t h e i r r i t a t i o n p r o d u c e d i n t h e s e n s o r y f i b e r s o f t h e u r e t h r a l 

m u c o u s m e m b r a n e f r o m p r e s s u r e o f t h e u r i n e o r t h e c o n t a c t 

o f i t s s a l i n e i n g r e d i e n t s . 

I t i s n o t u n c o m m o n f o r r e c t a l d i s e a s e t o p r o d u c e s y m p a 

t h e t i c m a n i f e s t a t i o n s i n t h e g e n i t o - u r i n a r y o r g a n s , i n t h e f o r m 

o f n e u r a l g i c p a i n s , i n v o l u n t a r y e m i s s i o n s , i n c o n t i n e n c e o f 

u r i n e , e t c . ; s u c h e f f e c t s c a n o n l y b e e x p l a i n e d b y t h e d i s 

t r i b u t i o n o f t h e p u d i c n e r v e t o t h e i n t e g u m e n t a b o u t t h e a n u s 

( a n d , I b e l i e v e , t o t h e w a l l s o f t h e r e c t u m a l s o ) , w h i c h a l l o w s 

r e f l e x m o t o r i m p u l s e s t o b e s e n t f r o m t h e s p i n a l c o r d , i n 

r e s p o n s e t o r e c t a l i r r i t a t i o n , t o t h e g e n i t o - u r i n a r y o r g a n s a n d 

p e r i n e a l m u s c l e s . 

THE SCIATIC NERVE. 

This nerve arises from the lumbo-sacral cord and the four 

u p p e r s a c r a l n e r v e s , a n d i s a d i r e c t c o n t i n u a t i o n o f t h e s a c r a l 

p l e x u s . I t e s capes f r o m t h e p e l v i s t h r o u g h t h e g r e a t s a c r o -

s c i a t i c f o r a m e n b e l o w t h e p y r i f o r m i s m u s c l e , l y i n g o n t h e 

o u t e r s i d e o f t h e p u d i c vesse l s a n d n e r v e . I t t h e n passes 

d o w n w a r d b e t w e e n t h e t r o c h a n t e r m a j o r o f t h e f e m u r a n d t h e 

t u b e r o s i t y o f t h e i s c h i u m , l y i n g b e h i n d t h e e x t e r n a l r o t a t o r 

m u s c l e s o f t h e h i p j o i n t a n d t h e a d d u c t o r m a g n u s , t o t h e 

l o w e r t h i r d o f t h e b a c k o f t h e t h i g h , w h e r e i t d i v i d e s i n t o i t s 

t w o t e r m i n a l b r a n c h e s , t h e e x t e r n a l a n d i n t e r n a l p o p l i t e a l 

n e r v e s . 
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I n t h e l o w e r t w o t h i r d s o f i t s cou r se , i t i s c o v e r e d b y t h e 

l o w e r f i b e r s o f t h e g l u t e u s m a x i m u s a n d b i c e p s m u s c l e s . I t 

FIG. 170.—The great sciatic nerve, with its branches of distribution and termination. 
(Sappey.) 

1, superior gluteal nerve; 2, small sciatic nerve; 3, 3, 3, branches to the gluteus 
maximus; 4, branch to the pyramidalis; 5, internal pudendal branch of the small 
sciatic; 6, fcmoro-popliteal branch of the same nerve; 7, 7, trunk of the great sci
atic ; 8, branch which it gives to the long head of the biceps; 9, branch to the short 
head of the same muscle; 10, 10, braneh to the semi-tendinosus (the latter muscle 
has been divided and turned back, to show the semi-membranosus); 11, 11, branch 
to the semi-membranosus; 12, 12, another braneh, rising from the common trunk 
with the preceding nerve, and passing under the semi-membranosus to be distributed 
to the adductor magnus ; 13, external popliteal nerve; 14, internal popliteal nerve ; 
15, filament to the plantaris ; 10, 10, nerves to the gastrocnemius; 17, origin of the 
external saphenous nerve. 

gives off branches to the hamstring muscles and the adductor 

magnus, and some articular branches to the back of the hip 

joint. The two tables which I now show you are designed to 



DISTRIBUTION OF TEE SCIATIC NERVE, 4 7 1 

i l l u s t r a t e t h e b r a n c h e s g i v e n o f f b y t h e e x t e r n a l a n d i n t e r n a l 

p o p l i t e a l n e r v e s . T h e f o r m e r o f t h e s e i s t h e s m a l l e r o f t h e t w o , 

a n d passes a l o n g t h e o u t e r s i d e o f t h e p o p l i t e a l s p a c e c lo se t o 

t h e b i c e p s m u s c l e , w h i l e t h e o t h e r t r a v e r s e s t h e m i d d l e o f 

t h e p o p l i t e a l s p a c e as f a r as t h e l o w e r b o r d e r o f t h e p o p l i t e u s 

m u s c l e , w h e r e i t b e c o m e s t h e p o s t e r i o r t i b i a l n e r v e . 

FIG. 171.— Tlic external popliteal nerve. (Sappey.) 
1, external popliteal nerve ; 2, peroneal or cutaneous branch ; 3, communicans peronei: 

4, external saphenous nerve ; 5, trunk formed by the junction of the external saphe
nous with the communicans peronei; 6, calcanean branch rising from the trunk ; 
7, external terminal branch of the trunk on its way to form the external doisd 
branch of distribution to the fifth toe; S, its internal terminal braneh which forms 
the internal dorsal branch for the fifth toe and the external dorsal branch for the 
fourth toe; 9, 9, musculo-cutaneous nerve; 10, 10, its terminal branches; 11, anas
tomosis of its external terminal branch with the external saphenous ; 12, anastomosis 
of its internal and external terminal branches with each other; 13, anterior tibial 
nerve; 14, terminal portion of this nerve, anastomosing with the musculo-cutaneous, 
and dividing to form the deep branches of distribution on the dorsum of the foot to 
the internal side of the great toe and the external side of the second toe. 
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NERVES OF THE LEG AND FOOT. 

(1) Articular branches. 

(2) Cutaneous branches. 

EXTERNAL 
POPLITEAL 

NERVE. 
(PERONEAL 

NERVE.) 

(3) ANTERIOR TIBIAL 
NERVE. 

(4) MUSCULO-CUTANEOUS 
NERVE. 

INTERNAL 
POPLITEAL 

NERVE. 

(1) Articular 

(2) Muscular 

(3} EXTERNAL SAPHE
NOUS NERVE. 

(4) POSTERIOR TIBIAL , 
NERVE. 

Muscular 

( Three in number, 
( Distributed to knee joint. 
( Two or three in number, 
•] Supply integument of outer and back part of 
( the leg. 

Muscular (to muscles in front part of leg 
and to the peroneus tertius). 

External j Extensor brevis digitorum, 
branch. ( Articulations of the tarsus. 
Internal i Integument of the adjoining sides 
branch. \ of the great and 2d toes. 

i Peroneus longus, 
\ Peroneus brevis. 
f Integument of outer side of foot 

External \ and ankle, 
branch. ] Integument of the adjoining sides 

L of 3d, 4th, and 5th toes. 
f Integument of the inner side of 
| the foot and ankle, 
( Integument of the adjoining sides 

of 2d and 3d toes and inner 
[ side of great toe. 

Three in number, 
Distributed to knee joint. 
Gastrocnemius, 
Plantaris, 
Soleus, 
Popliteus. 
Formed by two filaments, one from each of 

the popliteal nerves, 
Integument of the outer side of foot and the 

little tee. 
1 Flexor longus pollieis, 

Muscular. \ Flexor longus digitorum, 
( Tibialis posticus. 

Plantar ( Integument of heel and inner Dart 
cutaneous. ( of sole of foot. 

( Integument of the 
J 51 

Internal 
branch. 

Digital 
branehe 

INTERNAL 
TLANTAR. 

EXTERNAL 
PLANTAR. 

•s 3 A toes on inner 
( side of foot. 
'Flexor brevis digi

torum, 
Abductor pollieis, 

Muscular -I Flexor brevis pol
lieis, 

Two inner lumbri
cales muscles. 

Articular (to tarsus), 
Cutaneous (to sole of foot). 

1 Flexor aceessorius, 
] Abductor minimi 
( digiti. 

H outer toes, 
Fiexor brevis mini

mi digiti. 
4th interosseous 

muscle. 
3d and 4th lum

bricales, 
Peep J Rest of interossei, 

branch, j Adductor pollieis, 
k Transversus pedis. 

Muscular 

Superficial 
branch. 
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I f y o u w i l l s t u d y t h e s e t a b l e s , y o u w i l l p e r c e i v e t h a t t h e 

e x t e r n a l p o p l i t e a l n e r v e d i s t r i b u t e s a r t i c u l a r b r a n c h e s t o t h e 

FIG. 172.— T/ie internal popliteal nerve. (Sappey.) 
1, trunk of the great sciatic ; 2, external popliteal; 3, internal popliteal; 4, 4, branches 

to the gastrocnemius—both nerves and muscle have been divided ; 5, origin of the 
external saphenous; 6, branch to the solcus, divided together with the muscle ; 7, 
internal popliteal nerve passing through a fibrous ring in the soleus; 8, S, braneh 
springing from the lower portion of this nerve, and likewise passing through the 
fibrous ring of the soleus. At this level it gives off a reflected or ascending division, 
which penetrates the popliteus at its deep surface, but is not seen in the cut, and a 
more slender descending division which makes its way through the interosseus mem
brane and supplies the tibialis anticus muscle; 9, 9, posterior tibial nerve; 10, 1<>, 
branches which it furnishes to the flexor longus digitorum ; 11, 11, branches which 
it gives off to the tibialis posticus muscle ; 12, 12, branches to the flexor longus pol
lieis ; 13, calcanean branches; 14, terminal extremity of the external saphenous 
nerve. 

k n e e j o i n t , a n d c u t a n e o u s filaments t o t h e o u t e r a n d b a c k 

p a r t o f t h e l e g . T h e t w o m a i n n e r v e t r u n k s w h i c h a r i s e f r o m 
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i t a re c a l l e d t h e a n t e r i o r t i b i a l a n d t h e m u s c u l o - c u t a n e o u s , 

b o t h o f w h i c h a re g i v e n o f f f r o m t h e m a i n t r u n k a f t e r i t 

p i e r c e s t h e p e r o n e u s l o n g u s m u s c l e a b o u t o n e i n c h b e l o w t h e 

h e a d o f t h e f i b u l a , a l t h o u g h t h r e e a r t i c u l a r a n d s e v e r a l c u t a 

n e o u s f i l a m e n t s a l so a r i s e f r o m i t . Y o u w i l l a l so p e r c e i v e 

t h a t f o u r m a i n b r a n c h e s a re g i v e n o f f f r o m t h e i n t e r n a l p o p 

l i t e a l n e r v e , v i z . , a r t i c u l a r a n d m u s c u l a r b r a n c h e s , a n d t h e e x 

t e r n a l s a p h e n o u s a n d p o s t e r i o r t i b i a l n e r v e s . T h e m u s c u l a r 

f i l a m e n t s s u p p l y f o u r m u s c l e s i n t h e i m m e d i a t e v i c i n i t y o f 

t h e k n e e , w h i l e t h e a r t i c u l a r f i l a m e n t s , as i n t h e p r e c e d i n g 

n e r v e , a re d i s t r i b u t e d t o t h e k n e e j o i n t . O t h e r p o i n t s o f 

i n t e r e s t m i g h t b e s p e c i a l l y d e s i g n a t e d as c o m p r i s e d i n these 

pages , b u t t h e y w i l l be c o n s i d e r e d i n t h e i r p r a c t i c a l r e l a t i o n s 

w h e n t h e c l i n i c a l p o i n t s w h i c h a r e p r e s e n t e d b y t h e n e r v e s o f 

t h e l o w e r e x t r e m i t y a re c o n s i d e r e d . 

I d e s i r e t o c a l l y o u r a t t e n t i o n , f i r s t , t o t h e f a s c i a o f t h e 

l e g , i n t o w h i c h t h r e e m u s c l e s o f t h e t h i g h a r e i n s e r t e d , 

v i z . , t h e s a r t o r i u s , t h e g r a c i l i s , a n d t h e s e m i - t e n d i n o s u s . I 

h a v e a l r e a d y c a l l e d y o u r a t t e n t i o n t o t h e f a c t t h a t t h e f a s 

ciae o f t h e b o d y a r e a l w a y s t o be r e g a r d e d as o n e o f t h e 

p o i n t s o f i n s e r t i o n o f t h e m u s c l e s w h i c h a r e a t t a c h e d t o 

t h e m ; n o w , i f t h i s b e t r u e , a n d i t u n d o u b t e d l y i s so, w e 

o u g h t t o d i s c o v e r a p a r t i c u l a r d i s t r i b u t i o n o f t h e c u t a n e o u s 

n e r v e s a t t h i s p o i n t , s ince t h e n e r v e s w h i c h s u p p l y t h e m u s 

cles s u p p l y a l so t h e s k i n o v e r t h e i n s e r t i o n o f t h e s ame m u s 

cles. W e s h a l l f i n d , o n d i s s e c t i o n o f t h i s r e g i o n , t h a t t h e 

l o n g s a p h e n o u s , t h e o b t u r a t o r , a n d a b r a n c h o f t h e s c i a t i c 

n e r v e s a re d i s t r i b u t e d i n t h e s k i n o f t h e c a l f ; t h e o n e de 

r i v e d f r o m t h e a n t e r i o r c r u r a l ( w h i c h s u p p l i e s t h e s a r t o r i u s ) , 

a n o t h e r a f i l a m e n t o f t h e o b t u r a t o r ( w h i c h s u p p l i e s . t h e g r a 

c i l i s ) , a n d t h e t h i r d d e r i v e d f r o m t h e s c i a t i c ( s i n c e i t s u p p l i e s 

t h e s e m i - t e n d i n o s u s m u s c l e ) . T h e s e t h r e e n e r v e s , t h e r e f o r e , 

s u p p l y b o t h t h e f a s c i a o f t h e l e g a n d t h e s k i n o n t h e i n n e r 

s i de o f t h e l e g b e l o w t h e k n e e j o i n t ; h e n c e , p a i n i n t h i s r e 

g i o n m u s t b e s o u g h t f o r a l o n g t h e c o u r s e o f o n e o f t h e s e t h r e e 

n e r v e s . I t i s t o o c o m m o n a m o n g p h y s i c i a n s t o r e g a r d a p a i n 

w h i c h i s l o c a l i z e d a t t h e i n n e r s i d e o f t h e k n e e as d e p e n d e n t 
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u p o n t h e - o b t u r a t o r n e r v e , t o t h e e x c l u s i o n o f t h e s c i a t i c o r 

t h e a n t e r i o r c r u r a l ; b u t a n a t o m y c l e a r l y t e a c h e s u s t h a t 

FIG. 173. — The external saphenous nerve and its accessory, the. communicans peronei. 
(Sappey.) 

1, internal popliteal nerve ; 2, nerve to the external head of the gastrocnemius ; 3, nerve to 
the internal head ; 4, external saphenous nerve ; 5, external popliteal nerve ; 6, 
communicans peronei; 7, peroneal or cutaneous branch ; 8, branch sometimes given 
off by the external saphenous to the fourth and f i f th toe ; 9, trunk formed by the 
junction of the communicans peronei with the external saphenous ; 10, calcanean 
branch given off by this trunk ; 11, plantar cutaneous branch of the posterior tibial; 
12, internal saphenous nerve ; 13, 13, 13, posterior branches of this nerve. 

there are three possible lines of direction, which we are 

bound to explore in searching for the situation of the real 

cause which is producing it. We should always carefully 

examine all the anatomical relations of the obturator, the 

sciatic, and the anterior crural nerves, in order to ascertain, if 

possible, the real cause of pain which is expressed on the in-
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n e r s ide o f t h e k n e e j o i n t , a n d t h e a x i o m o f ne rve - d i s t r i b u 

t i o n , w h i c h w a s f i r s t p o i n t e d o u t b y H i l t o n , a n d t o w h i c h I 

h a v e f r e q u e n t l y d i r e c t e d y o u r a t t e n t i o n , o f f e r s u s , i n t h i s 

i n s t a n c e , as i n m a n y o t h e r s , a s i m p l e r u l e w h i c h s h o u l d 

g u i d e u s i n s e a r c h i n g f o r t h e cause o f p a i n b e f o r e w e a t t e m p t 

m e a s u r e s f o r i t s r e l i e f . 

FIG. 174.— The plantar nerves, their course, anastomoses, and distribution. (Sappey.) 

1, internal plantar nerve ; 2, 2, branches which it gives to the abductor pollieis ; 8, braneh 
which it gives to the aceessorius; 4, branch to the flexor brevis digitorum; 5, branch 
of distribution to the internal plantar surface of the great toe ; 6, another branch of 
the internal plantar dividing into three secondary portions, which subdivide, in their 
turn, to form the branches of distribution on the plantar surface to the outer side of 
the great toe, both sides of the second and third toes, and the inner side of the 
fourth toe; 7, external plantar nerve; 8, 8, branches which it sends oft" to the 
abductor minimi digiti; 9, branch to the aceessorius; 10, braneh of distribution on 
the plantar surface to the outer side of the little toe; 11, another braneh of the same 
nerve dividing to supply the inner side of the little toe and the outer side of the fourth 
toe; 12, anastomosis of the internal with the external plantar ; 13, origin of the deep 
braneh of the external plantar. 

I have found, in several instances, that local anaesthetics, 

when applied to the skin over the seat of pain, frequently 

have the power of relieving a sense of distress in Other re

gions apparently far removed from it, but still connected 

with the seat of pain by means of a nervous communication. 

Thus, in disease of the hip joint, an anodyne applied in the 
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r e g i o n o f t h e k n e e j o i n t w i l l o f t e n r e l i e v e s y m p t o m s w h i c h 

a r e r e f e r a b l e t o t h e h i p , a n d w e c a n o n l y a t t r i b u t e t h i s e f f e c t 

t o a b e n u m b i n g i n f l u e n c e e x e r t e d b y m e a n s o f t h e s c i a t i c a n d 

o b t u r a t o r n e r v e s u p o n t h a t j o i n t , s i n c e b o t h o f t h e s e n e r v e s 

s e n d a r t i c u l a r f i l a m e n t s t o i t , as w e l l as c u t a n e o u s f i l a m e n t s 

t o t h e r e g i o n o f t h e k n e e . 

I n s o m e i n s t a n c e s , w h e r e a b n o r m a l i t i e s o f o r i g i n o f n e r v e 

f i l a m e n t s c a n b e d e t e c t e d , I b e l i e v e t h a t , i f y o u w i l l t r a c e t h e 

n e r v e u p w a r d f o r s o m e d i s t a n c e t o w a r d t h e s p i n a l m a r r o w , 

y o u w i l l f i n d t h a t t h e c u t a n e o u s f i l a m e n t s o f t h e n e r v e , w h i c h 

a p p a r e n t l y h a s a n a b n o r m a l o r i g i n , a r e i n i n t i m a t e c o m m u n i 

FIG. 175.—The deep branch of the external plantar nerve. (Sappey.) 

1, internal plantar nerve ; 2, its internal branch ; 3, its external branch, whose two divis
ions have been cut, together with the adductor pollieis, to show the deep branch of 
the external plantar; 4, trunk of the external plantar; 5, its superficial branch, 
which divides almost immediately into two secondary branches, distributed to the 
fourth and fif th toes ; 6, its deep branch, distributed to the adductor pollieis, trans-
versus pedis, and the interossei; 7, branches to the adductor pollieis; 8, 8, branches 
to the interossei; 9, branches to the transversus pedis. 

cation with the nerve trunk whose functions are assisted by 

t h e m , a n d f r o m w h i c h i t s m o s t f r e q u e n t o r i g i n c a n b e v e r i f i e d . 

I f w e e x a m i n e t h e a n a t o m y o f t h e h i p j o i n t , w e s h a l l f i n d 
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t h a t a b r a n c h o f t h e a n t e r i o r c r u r a l n e r v e passes i n c lose r e l a 

t i o n w i t h i t s c a p s u l e , i f i t i s n o t i n t i m a t e l y a s s o c i a t e d w i t h 

i t ; t h a t a b r a n c h o f t h e o b t u r a t o r n e r v e s u p p l i e s i t s c a p s u l a r 

l i g a m e n t , a n d i s u l t i m a t e l y d i s t r i b u t e d t o t h e l i g a m e n t u m 

te res ; a n d , f i n a l l y , t h a t a b r a n c h f r o m t h e s a c r a l p l e x u s s u p 

p l i e s t h e h i p j o i n t a t i t s p o s t e r i o r aspec t , a f t e r . s e n d i n g f i l a 

m e n t s t o t h e g e m e l l i , t h e q u a d r a t u s f e m o r i s , a n d t h e o b t u 

r a t o r i n t e r n u s m u s c l e s . T h e s t u d y o f t h e a n a t o m y o f j o i n t s 

i s o f p a r t i c u l a r i m p o r t a n c e t o t h e d i a g n o s t i c i a n , s ince i t f r e 

q u e n t l y e x p l a i n s h o w r e m o t e s y m p a t h e t i c p a i n s m a y be 

d e p e n d e n t u p o n i r r i t a t i o n o f a r t i c u l a r b r a n c h e s o f a n e r v e , 

w h o s e t e r m i n a l c u t a n e o u s f i l a m e n t s a r e d i s t r i b u t e d t o o t h e r 

r e g i o n s , o f t e n f a r r e m o v e d f r o m t h e j o i n t w h i c h i t s u p p l i e s . 

W e k n o w t h a t d isease o f t h e h i p j o i n t , w h i c h i s , p e r h a p s , 

o n e o f t h e m o s t f r e q u e n t w h i c h w e m e e t w i t h i n p r a c t i c e , i s 

o f t e n m a n i f e s t e d , i n i t s e a r l y s tages, b y a p a i n w h i c h i s r e 

f e r r e d t o t h e k n e e ; a n d w e c a n u n d e r s t a n d , f r o m w h a t h a s 

p r e v i o u s l y b e e n s a i d , t h a t t h i s s e n s a t i o n o f p a i n m u s t b e 

t r a n s m i t t e d t h r o u g h one o f t h r e e sources , v i z . , t h e o b t u r a t o r , 

a n t e r i o r c r u r a l , o r t h e s c i a t i c n e r v e s . 

CLIXICAL P0IXTS PERTAINING TO THE NERVES DERIVED FROM THE 
SCIATIC, OR TO THE SCIATIC NERVE ITSELF. 

T h e m o r b i d c o n d i t i o n s o f t h e s c i a t i c n e r v e o r i t s b r a n c h e s 

w h i c h a re m o s t f r e q u e n t l y m e t w i t h c o m p r i s e : 1 , neuralgia, 

w h i c h m a y be a r t i c u l a r o r c o n f i n e d t o t h e d i r e c t c o u r s e o f t h e 

s c i a t i c n e r v e ; 2, spasmodic affections o f t h e m u s c l e s s u p p l i e d 

b y t h e s c i a t i c n e r v e o r i t s b r a n c h e s ; a n d 3, paralysis o f t h e 

d i f f e r e n t m u s c l e s s u p p l i e d b y t h e v a r i o u s n e r v e t r u n k s . 

SCIATICA. 

This type of neuralgia—to which the name "malum Co-

t u n n i i " i s s o m e t i m e s a p p l i e d — m a y a f f e c t t h e g r e a t e r p o r t i o n 

o f t h e b a c k p a r t o f t h e t h i g h , a p a r t o f t h e g l u t e a l r e g i o n , t h e 

k n e e j o i n t a n d p a t e l l a , t h e a n t e r i o r , l a t e r a l , a n d p o s t e r i o r 

s u r f a c e s o f t h e l e g , a n d t h e w h o l e o f t h e f o o t , w i t h t h e e x c e p -



SCIATIC NEURALGIA. 479 

t i o n o f i t s i n t e r n a l b o r d e r , w h i c h d e r i v e s i t s n e r v e s u p p l y 

f r o m t h e s a p h e n o u s b r a n c h o f t h e a n t e r i o r c r u r a l n e r v e . I t 

i s s e l d o m t h a t a l l o f t h e s e r e g i o n s a r e a f f e c t e d a t t h e s a m e 

t i m e , s i n c e t h e n e r v e m a y b e s u b j e c t e d t o a s o u r c e o f i r r i t a 

t i o n w h i c h a f f e c t s o n l y i n d i v i d u a l b r a n c h e s . T h e m o s t f r e 

q u e n t sea t o f p a i n i s c o n f i n e d , as a r u l e , t o t h e p o s t e r i o r s u r 

f a c e o f t h e t h i g h a n d t h e u p p e r h a l f o f t h e c a l f o f t h e l e g ; 

b u t t h e e x t e r n a l s u r f a c e o f t h e l o w e r h a l f o f t h e l e g a n d t h e 

c o r r e s p o n d i n g p a r t o f t h e f o o t , as w e l l as t h e so le , a r e o f t e n 

t h e s e a t o f a n e u r a l g i c p a i n w h i c h i s o f a s e v e r e t y p e . T h e 

d i s e a s e i s u s u a l l y u n i l a t e r a l i n c h a r a c t e r , a n d , i f b i l a t e r a l , a 

c e n t r a l c a u s e m a y b e s u s p e c t e d . 

A m o n g t h e c ause s o f t h i s t y p e o f n e u r a l g i a m a y b e m e n 

t i o n e d e x p o s u r e t o c o l d a n d d a m p n e s s , m a l a r i a l a f f e c t i o n s , 

i n f l a m m a t i o n s o f t h e n e r v e , i n j u r i e s , p r e s s u r e o f t u m o r s o r 

i n f l a m m a t o r y e x u d a t i o n s , v i o l e n t e x e r t i o n , d i s t u r b a n c e s o f 

t h e v e n o u s c i r c u l a t i o n o f t h e p e l v i s , a n d m e c h a n i c a l p r e s s u r e 

f r o m s i t t i n g u p o n h a r d o r u n c o m f o r t a b l e seats , u t e r i n e d i s 

p l a c e m e n t , p e l v i c t u m o r s , a n e u r i s m , a n d h e r n i a . 

T h e b e g i n n i n g o f t h i s d i s ea se i s u s u a l l y a s s o c i a t e d w i t h 

p r e m o n i t o r y s y m p t o m s , a m o n g w h i c h m a y b e m e n t i o n e d a 

s e n s a t i o n o f s t i f f n e s s , c o l d , o r h e a t i n t h e a f f e c t e d r e g i o n s , 

w i t h o c c a s i o n a l f e e l i n g s o f f o r m i c a t i o n , o r a f l u i d t r i c k l i n g 

o v e r t h e s k i n . S o o n p a i n f u l e l e c t r i c p a i n s a r e e x p e r i e n c e d , 

w h i c h s h o w a m a r k e d p a r o x y s m a l c h a r a c t e r . T h e s e a t t a c k s 

o c c a s i o n a l l y o c c u r w i t h o u t w a r n i n g o r p r e m o n i t o r y s y m p 

t o m s . T h e p a i n i s r e m a r k a b l y v i o l e n t , a n d o f a t e a r i n g a n d 

l a n c i n a t i n g c h a r a c t e r , a n d u s u a l l y f o l l o w s t h e d i r e c t i o n o f 

t h e n e r v e t r u n k w h i c h i s a f f e c t e d . I t o f t e n c h a n g e s i t s sea t 

o f g r e a t e s t i n t e n s i t y , a n d t h e l i n e s w h i c h c o n n e c t t h e s p o t s o f 

g r e a t e s t p a i n w i l l g e n e r a l l y c o n f o r m t o t h e a n a t o m i c a l c o u r s e 

o f t h e a f f e c t e d n e r v e . T h e p a i n i s u s u a l l y m a r k e d l y i n c r e a s e d 

b y m o t i o n o f t h e m u s c l e s , a n d t h e p a r o x y s m s s e e m t o b e e x 

c i t e d b y t h e m o s t t r i v i a l causes , s u c h as a d r a f t o f c o l d a i r , 

c o u g h i n g , s n e e z i n g , s u d d e n b e n d i n g o f t h e b o d y , t h e c o n t a c t 

o f t h e c l o t h e s w i t h t h e s k i n , o r s t r a i n i n g d i n i n g t h e a c t s o f 

d e f e c a t i o n o r m i c t u r i t i o n . I f t h e w h o l e a r e a o f t h e d i s t r i b u -
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t i o n o f t h e s c i a t i c n e r v e b e i n v o l v e d , t h e p a i n o c c u r s w i t h 

s p e c i a l v i o l e n c e first i n one a n d t h e n i n a n o t h e r b r a n c h , w h i l e 

t h e p o s t e r i o r b r a n c h e s o f t h e s a c r a l n e r v e s m a y b e a l so i m p l i 

c a t e d , a n d t h e p a t i e n t c o m p l a i n o f v i o l e n t p a i n i n t h e s a c r u m 

a n d t h e l o i n s . 

FIG. 176.— The motor points on the posterior aspect of the thigh. 
1, branch of the inferior gluteal nerve to the gluteus maximus muscle; 2, sciatic nerve; 

3, long head of biceps muscle ; 4, short head of biceps muscle; 5, adductor magnus 
muscle ; 6, semi-tendinosus muscle ; 7, semi-membranous muscle ; 8, tibial nerve; 
9, peroneal nerve; 10, external head of gastrocnemius muscle; 11, soleus muscle; 
12, internal head of gastrocnemius muscle. 

As has been mentioned in other forms of neuralgia, certain 

p a i n f u l p o i n t s m a y u s u a l l y b e d e t e c t e d , w h i c h a r e d i a g n o s t i c 

o f n e u r a l g i a f r o m t h o s e severe p a i n s w h i c h a c c o m p a n y t h e 

e a r l y s tages o f l o c o m o t o r a t a x i a . T h e m o s t c o n s t a n t p o i n t o f 

s e n s i t i v e n e s s t o p r e s s u r e i s s t a t e d b y Y a l l e i x t o c o r r e s p o n d t o 

t h e p o s t e r i o r s u p e r i o r s p i n e o f t h e i l i u m ; a n o t h e r u s u a l l y e x -
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i s t s w h e r e t h e n e r v e e scapes f r o m t h e c a v i t y o f t h e p e l v i s ; a 

t h i r d i s o f t e n f o u n d a t t h e l o w e r b o r d e r o f t h e g l u t e u s m a x i 

m u s m u s c l e , w h e r e t h e p o s t e r i o r c u t a n e o u s b r a n c h e m e r g e s ; 

t h e f o u r t h c o r r e s p o n d s t o t h e h e a d o f t h e f i b u l a , w h e r e t h e 

t i b i a l n e r v e i s g i v e n o f f ; a f i f t h p o i n t i s o f t e n d i s c o v e r e d be 

h i n d t h e i n t e r n a l m a l l e o l u s ; a n d , f i n a l l y , t h e r e a r e f r e q u e n t 

i n c o n s t a n t p o i n t s i n t h e t h i g h , o n t h e c a l f o f t h e l e g , a n d o n 

t h e d o r s u m o f t h e f o o t , a l l o f w h i c h c o r r e s p o n d t o l o c a l i t i e s 

w h e r e c u t a n e o u s b r a n c h e s e i t h e r d i v i d e o r p e r f o r a t e s o m e 

f a s c i a . 

I n c o n n e c t i o n w i t h t h i s n e u r a l g i c p a i n , c e r t a i n motor 

symptoms a r e f r e q u e n t l y d e v e l o p e d . T h e s e c o m p r i s e a p e 

c u l i a r l i m p i n g g a i t , a m o d e o f c a r r y i n g t h e l e g w h i c h i s q u i t e 

d i a g n o s t i c , c r a m p o f v a r i o u s d e g r e e s , a n d p o s s i b l y c o n v u l 

s i o n s , w h i c h a r e s o m e t i m e s v e r y v i o l e n t , T h e s e s y m p t o m s 

a r e t h e r e s u l t o f d i r e c t a n d r e f l e x i r r i t a t i o n , a n d m a y b e t h e 

f o r e r u n n e r s o f a c o n d i t i o n o f p a r e s i s o r o f a c t u a l p a r a l y s i s . 

A m o n g t h e vaso-motor disturbances w h i c h a c c o m p a n y t h i s 

d i s e a s e m a y b e m e n t i o n e d p a l e n e s s a n d c o l d n e s s o f t h e s k i n , 

i n s o m e i n s t a n c e s a c c o m p a n i e d b y n u m b n e s s a n d c h i l l y s en 

s a t i o n s , a n d i n o t h e r cases r e d n e s s a n d h e a t o f t h e s k i n , w i t h 

i n c r e a s e d p e r s p i r a t i o n , i n c r e a s e d g r o w t h o f t h e h a i r , h e r p e s 

z o s t e r a l o n g t h e c o u r s e o f t h e a f f e c t e d n e r v e , a s a c c h a r i n e c o n 

d i t i o n o f t h e u r i n e , a n d h y p e r t r o p h y a n d a t r o p h y o f t h e 

m u s c l e s . 

S c i a t i c a i s t o b e d i a g n o s e d f r o m d i sease o f t h e h i p j o i n t ; 

f r o m l o c o m o t o r a t a x i a i n i t s e a r l y s t a g e s ; f r o m m u s c u l a r 

r h e u m a t i s m ; a n d t h e p a i n s o f s p i n a l d i sease , a f f e c t i n g t h e 

l a t e r a l c o l u m n s , w h e n t h e p a t i e n t i s s u b j e c t e d t o e x t r e m e e x 

e r t i o n . 
SPASM OF THE LOWER LIMBS. 

T h e m u s c l e s o f t h e h i p — e s p e c i a l l y t h e psoas , i l i a c u s , 

q u a d r a t u s l u m b o r u m , a n d a d j a c e n t m u s c l e s o f t h e a n t e r i o r 

s u r f a c e o f t h e t h i g h — m a y b e t h e sea t o f t o n i c s p a s m , w h i c h 

h a s b e e n n a m e d b y S t r o m e y e r ' ' s p a s m o d i c c o n t r a c t u r e o f t h e 

h i p . " ' I t m a y f o l l o w a n i n f l a m m a t i o n o r n e u r a l g i a o f t h e h i p 

j o i n t , p s o a s abscess , o r d i seases o f t h e l u m b a r v e r t e b r a e . I n 
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t h i s c o n d i t i o n , t h e t h i g h i s s t r o n g l y flexed, t h e p e l v i s t i l t e d 

u p w a r d , a n d t h e l i m b s h o r t e n e d ; w h i l e p a s s i v e e x t e n s i o n 

crea tes a d e v i a t i o n o f t h e b o d y t o w a r d t h e a f f e c t e d s ide , a n d 
i s e x t r e m e l y p a i n f u l . 

I n r a r e i n s t ances , t o n i c a n d c l o n i c t y p e s o f s p a s m a r e o b 

s e r v e d i n t h e e x t e n s o r a n d a d d u c t o r m u s c l e s o f t h e t h i g h , as 

t h e r e s u l t o f n e u r a l g i a o f t h e k n e e j o i n t a n d c e r t a i n spas

m o d i c diseases o f a c e n t r a l o r i g i n . 

T h e flexor m u s c l e s o f t h e l e g m a y be a f f e c t e d w i t h s p a s m s 

i n s p i n a l a f f e c t i o n s , h y s t e r i a , d iseases o f t h e k n e e j o i n t , a n d 

i n i n f l a m m a t i o n o f i t s a d j a c e n t m u s c l e s . 

FIG. 177.— The mo/or points on the anterior aspect of the thigh. 
1, crural nerve; 2, obturator nerve; 3, sartorius muscle; 4, adductor longus muscle- 5 

branch of the anterior crural nerve for the quadriceps extensor muscle; 6, the quad! 
rm ns muscle; 7, branch of anterior crural nerve to the vastus internus muscle- 8 
tensor vagina; femoris muscle (supplied by the superior gluteal nerve); 9 external 
cutaneous branch of anterior crural nerve ; 10, rectus femoris muscle; 11, 12 vastus 
externus muscle. ' ' ' 

In rare cases, the anterior muscles of the leg, which are 

s u p p l i e d b y t h e p e r o n e a l n e r v e , a r e a f f e c t e d w i t h s p a s m s as 
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the result of exposure to cold or dampness, over-exertion of 

t h e l o w e r l i m b s , o r p a r a l y s i s o f t h e a n t a g o n i s t i c m u s c l e s ; 

w h i l e t h e m u s c l e s s u p p l i e d b y t h e p o s t e r i o r t i b i a l n e r v e , as 

w e l l as t h o s e o f t h e s o l e o f t h e f o o t , a r e m o r e f r e q u e n t l y 

a f f e c t e d as t h e r e s u l t o f s p i n a l a f f e c t i o n s , j o i n t d i seases , o v e r 

e x e r t i o n , p a r a l y s i s o f o t h e r m u s c l e s , a n d b y t h e r e f l e x a c t i o n 

o f c h o l e r a . 

PARALYSIS OF MUSCLES SUPPLIED BY THE SCIATIC XERVE OR ITS 
BRAXCHES. 

W h e n w e c o n s i d e r h o w e x t e n s i v e l y t h i s n e r v e i s d i s t r i b 

u t e d , a n d i t s e x p o s e d s i t u a t i o n i n v a r i o u s p o r t i o n s o f i t s 

c o u r s e , as w e l l as i t s i n t i m a t e r e l a t i o n s t o t h e o r g a n s o f t h e 

p e l v i s , w e c a n b e t t e r a p p r e c i a t e t h e r e a s o n s f o r t h e f r e q u e n c y , 

o n t h e o n e h a n d , a n d t h e i m p o r t a n c e , o n t h e o t h e r , o f t h e 

p a r a l y s i s w h i c h m a y a f f e c t i t o r i t s b r a n c h e s . A m o n g t h e 

c ause s o f t h i s f o r m o f p a r a l y s i s m a y b e e n u m e r a t e d a l l t h o s e 

c o n d i t i o n s o f t h e t r u n k w h i c h a r e c a p a b l e o f p r o d u c i n g p r e s s 

u r e u p o n t h e o r i g i n o f t h e n e r v e ; a l l f o r m s o f a c c i d e n t s w h i c h 

m a y r e s u l t i n l a c e r a t i o n o r s e c t i o n o f t h e m a i n t r u n k o r a n y o f 

i t s b r a n c h e s ; t h e d e v e l o p m e n t o f t u m o r s i n t h e c o u r s e o f t h e 

n e r v e ; d i s l o c a t i o n s o f b o n e ; t h e c o m p r e s s i o n o f c i c a t r i c e s ; 

r h e u m a t i c c o n d i t i o n s , f r o m c h i l l i n g o r w e t t i n g o f t h e l o w e r 

e x t r e m i t i e s ; s u r g i c a l o p e r a t i o n s ; a n d s p i n a l d i seases w h i c h 

i m p a i r i t s p o i n t o f o r i g i n a t t h e l u m b a r e n l a r g e m e n t o f t h e 

c o r d . 

I f t h e peroneal nerve b e a l o n e a f f e c t e d , t h e f o o t c a n n o t b e 

flexed o r a b d u c t e d ; n e i t h e r c a n i t b e c o m p l e t e l y a d d u c t e d . 

T h e d e p e n d e n t p o s i t i o n o f t h e f o o t , w h i c h h a n g s d o w n w a r d , 

i n t e r f e r e s s e r i o u s l y w i t h t h e a c t o f w a l k i n g , s i n c e t h e t o e 

t r i p s u p o n e v e r y s l i g h t e l e v a t i o n . 

I n o r d e r t o w a l k , t h e p a t i e n t i s c o m p e l l e d t o l i f t t h e f o o t 

b y flexion a t t h e h i p j o i n t , a n d p l a c e s i t i n s e c u r e l y u p o n t h e 

g r o u n d w i t h t h e o u t e r b o r d e r o f t h e t oe s f i r s t , t h u s p r o d u c i n g 

a g a i t w h i c h i s p a t h o g n o m o n i c o f t h i s s p e c i a l t y p e o f p a r a l y 

s i s . T h e a r c h o f t h e f o o t b e c o m e s flattened f r o m a l o s s o f 

p o w e r i n t h e p e r o n e u s l o n g u s m u s c l e ; t h e g r e a t t o e c a n n o t 
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b e e x t e n d e d , s ince t h e e x t e n s o r l o n g u s p o l l i e i s i s p a r a l y z e d ; 

flexion o f t h e f o o t i s i m p a i r e d , s ince t h e e x t e n s o r c o m m u n i s 

d i g i t o r u m n o l o n g e r a c t s ; a n d t h e a b d u c t i o n o f t h e f o o t i s 

r e n d e r e d i m p o s s i b l e , i f t h e p e r o n e u s b r e v i s b e p a r a l y z e d , 

a l t h o u g h t h e e x t e n s o r c o m m u n i s d i g i t o r u m m a y ass is t i n t h i s 

a c t c o i n c i d e n t a l l y w i t h d o r s a l f l e x i o n o f t h e f o o t . 

FIG. 178.— The motor points on the inner aspect of the leg. 

1, internal head of gastrocnemius muscle ; 2, soleus muscle ; 3, flexor communis digito
rum muscle ; 4, posterior tibial nerve ; 5, abductor pollieis muscle. 

If the tibial nerve be paralyzed, a loss of power in the 

m u s c l e s o f t h e c a l f i s i n d i c a t e d b y a n i n a b i l i t y o n t h e p a r t o f 

t h e p a t i e n t t o e x t e n d t h e f o o t a n d t o p r o d u c e flexion a n d a 

l a t e r a l m o v e m e n t o f t h e toes . T h u s t h e p a t i e n t i s n o l o n g e r 

a b l e t o s t a n d u p o n t h e toes , w h i l e , i n c o n s e q u e n c e o f a sec

o n d a r y c o n t r a c t u r e o f t h e m u s c l e s s i t u a t e d u p o n t h e a n t e r i o r 
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s u r f a c e o f t h e l e g , t h e f o o t i s m a d e t o a s s u m e a p o s i t i o n w h i c h 

h a s b e e n c o m p a r e d t o t h e s h a p e o f a h o o k . T h e t i b i a l i s p o s 

t i c u s m u s c l e n o l o n g e r a s s i s t s i n a d d u c t i n g t h e f o o t a n d r a i s 

i n g i t s i n n e r b o r d e r ; t h e f l e x o r c o m m u n i s d i g i t o r u m c a n n o 

l o n g e r f l e x t h e t w o d i s t a l p h a l a n g e s o f t h e t o e , w h i l e p a r a l y -

FIG. 179.— The motor points on the outer aspect of the leg. 
1, peroneal nerve; 2, external head of gastrocnemius muscle; 3, soleus muscle; 4, ex

tensor communis digitorum muscle ; 5, peroneus brevis muscle; 6, soleus muscle ; 7, 
flexor longus pollieis ; 8, peroneus longus muscle ; 9, tibialis anticus muscle ; 10, ex
tensor longus pollieis muscle; 11, extensor brevis digitorum muscle; 12, abductor 
minimi digiti muscle ; 13, deep branch of the peroneal nerve to the extensor brevis 
digitorum muscle: 14, 14, 14, dorsal interossei muscles. 

sis of the flexor longus pollieis deprives the patient of the 

power of flexing the great toe. A lateral motion of the great 
33 
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t o e i s n o l o n g e r p o s s i b l e , s ince t h e p o w e r o f t h e a d d u c t o r a n d 

a b d u c t o r p o l l i e i s m u s c l e s i s a b o l i s h e d , w h i l e p a r a l y s i s o f t h e 

i n t e r o s s e i m u s c l e s (as m e n t i o n e d a l so i n c o n n e c t i o n w i t h t h e 

h a n d ) r e n d e r s i t i m p o s s i b l e f o r t h e p a t i e n t t o flex t h e f i r s t 

p h a l a n x , o r e x t e n d t h e t w o d i s t a l p h a l a n g e s o f t h e toes , o r 

s e p a r a t e t h e toes f r o m e a c h o t h e r . T h e p e c u l i a r p o s i t i o n o f 

t h e f o o t w h i c h r e s u l t s f r o m t h i s p a r a l y s i s r e s e m b l e s t h a t de 

s c r i b e d i n c o n n e c t i o n w i t h t h e u p p e r e x t r e m i t y as t h e ' ' c l a w 

h a n d , " s i nce t h e first p h a l a n x i s a b n o r m a l l y e x t e n d e d , t h e 

s e c o n d a n d t h i r d a re s t r o n g l y flexed, t h e t oe s a r e t i g h t l y 

c o m p r e s s e d t o g e t h e r , a n d t h e i r b u l b o u s e n d s n o l o n g e r t o u c h 

t h e g r o u n d . T h e w e i g h t o f t h e b o d y i n a s t a n d i n g p o s i t i o n 

i s b o r n e u p o n t h e h e a d s o f t h e m e t a t a r s a l bones . H e n c e , 

s o m e p a i n a n d i n c o n v e n i e n c e a r e e x p e r i e n c e d a f t e r l o n g 

s t a n d i n g o r w a l k i n g . 

P a r a l y s e s o f t h e sciatic nerve a r e a c c o m p a n i e d , as a r u l e , 

b y d i s t u r b a n c e s o f t h e s e n s i b i l i t y o f t h e a f f e c t e d p a r t s . A n 

aesthesia c o m m o n l y e x i s t s o v e r t h e r e g i o n s s u p p l i e d b y t h e 

m o t o r n e r v e s t o t h e m u s c l e s w h i c h a re p a r a l y z e d ; h e n c e , t h i s 

s y m p t o m m a y serve as a g u i d e , i n s o m e cases, t o t h e seat o f 

t h e l e s i o n w h i c h h a s c r e a t e d t h e p a r a l y s i s . I n a d d i t i o n t o 

t hese d i s t u r b a n c e s o f s e n s i b i l i t y , y o u m a y o f t e n n o t i c e c h a n g e s 

i n t h e c i r c u l a t o r y a p p a r a t u s i n t h e f o r m o f c o l d n e s s o f t h e 

s k i n , c y a n o s i s , s tas is i n t h e v e i n s , a n d a m o t t l i n g o f t h e p a r t 

w i t h b l u i s h - r e d s t r e a k s . 

T h e trophic disturbances w h i c h a r e c o m m o n l y m e t w i t h 

i n severe f o r m s o f p a r a l y s e s o f t h e p e r i p h e r a l b r a n c h e s o f t h e 

s c i a t i c n e r v e c o m p r i s e s e r i o u s bed - so re s o n t h e hee l s , a n k l e s , 

a n d o v e r t h e s a c r u m ; u l c e r a t i o n o f t h e s k i n ; e r u p t i o n s o f 

h e r p e s a n d p e m p h i g u s ; a n d , finally, m a r k e d a t r o p h y o f t h e 

m u s c l e s . W h e n t h e s c i a t i c n e r v e i s a f f e c t e d b y a s p i n a l l e 

s i o n a b o v e t h e c a u d a e q u i n a , t h e r e c t u m a r i d b l a d d e r a r e f r e 

q u e n t l y c o m p l e t e l y p a r a l y z e d . 
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effects of removal of, 29. 
excitable regions of its cortex, 85. 
frontal lobes of, 35. 
functions of, 27. 
functions of frontal lobes of, 35. 
functions fjf special motor centers of," 

40, 42. 
guides to basal ganglia of, 71. 
gyri of, 77, 78, 79. 
haemorrhage of, its effects upon, 80. 
hemispheres of, functions of, 28. 
internal aspect of (cut), 25. 
internal capsule of, 26. 
irritability of, 28. 
irritative lesions of motor area of, 4 6. 
its basal ganglia, 26. 
its convolutions, 75. 
lenticular nucleus of, 48. 
lobes of, 76. 
lobules of, 76. 
lobules of, their situation, 79. 
motor regions of, 36. 
motor and sensory tracts of (cut), 35. 
occipital lobe of, its functions, 50. 
principal fissures of, 77. 
results of lesions of frontal lobe of, 35. 
sensory lesions of, 48. 
sensory regions of cortex of, 86. 
softening of, its effects, 30. 
special centers of motion of, 39. 
structure of convolutions of (cut), 33. 
sulci of, 76. 

• temporo-sphenoidal lobes of, and their 
functions, 51. 

Cervical plexus of nerves, 364. 
deep branches of, 369. 

| its situation, 368. 
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Cervical plexus, superficial branches of, 3G6. 
Cheek, hypertrophy of, its causes, 163. 
Chorda tympani nerve, its relations to taste, 

160. 
Choreic movements, their clinical significance 

in connection with cerebral lesions, 
91. 

Choroiditis, its effect on vision, 143. 
Ciliary muscle, its function and nerve distri

bution, 129, 132, 133. 
Cilio-spinal center, 147, 3?1, 311, 351. 

its relations to focal lesions of cord, 
343. 

Claw-hand deformity, 330. 
Cochlea, 204, 207. 
Coitus, its relation to spinal disease, 347. 

its relation to small sciatic and pudic 
nerves, 466, 468. 

Color blindness, 116. 
Column of Burdach, sclerosis of, 315, 316. 
Column of Goll, sclerosis of, 315, 316. 
Column of Tiirck, sclerosis of, 315, 326. 
Conjunctiva, its nervous supply, physiology 

of, 171. 
Consciousness, its relation to brain lesions, 

45. 
Convulsions of cerebral origin, 47. 
Cornea, ulceration of, its relations to fifth 

nerve, 170. 
Corpora quadrigemina, effect of lesions, 91. 

their functions, 58. 
Corpus striatum, 26. 

its functions, 54. 
subdivisions of, 26. 

Corti, membrane of, 210. 
organ of, 201, 20S, 209. 

Cranial nerves, 9-95. 
Cranium, surgical guides of, 68, 69, 70, 71. 
Crural neuralgia, 450. 
Crus cerebri, its functions, 59. 

Deaf-mutism, 220. 
Defecation, center of, 311. 

its relations to focal lesions of the spi
nal cord, 345,.347, 352. 

Deglutition, center of, 67. 
center of, reflex acts of, 233. 
effects of section of fifth nerve upon, 

160. 
excitory nerve of, 231. 
its relations to glosso-pharyngeal nerve, 

223. 
its relation to the otic ganglion, 174. 

Deglutition, mechanism of, 226, 227, 22S, 
229, 230, 231, 282, 233. 

muscles connected with, 370. 
relations of hypo-glossal nerve to, 277. 
relations of spinal accessory nerve to, 

264. 
; Diabetes, center of, 67. 

Diaphragmatic tetanus, 376. 
I Digestive tract, effects of section of pneu

mogastric nerve upon, 251. 
Diplopia, its clinical significance, 14S, 149. 

! Duehenne's disease, 149-196, 234, 278, 279, 
its relations to tetanoid paralysis, 330. 

Dyspnoea, its relations to focal lesions of 
the spinal cord, 344. 

Ear, external, 201. 
internal, 204. 
internal, fluids of, 205. 
middle, 201. 
relations of muscles of, to hearing, 187. 

Earache, its diagnostic importance, 171. 
its relations to fifth nerve, 170. 

Eighth nerve (see Nerve, Auditory), 198. 
Eleventh nerve (see Nerve, Spinal Acces

sory), 259. 
Embolism of brain, 34. 
Epilepsy, spinal, 345. 
Erection, center of, 311. 
Eustachian tube, function of, 202. 

its clinical points of interest, 217, 218. 
Eye, in facial paralysis, 190. 

its relations to facial diplegia, 197,19S. 
Eyeball, center of movements of, 139. 

motions of, 135,136, 137, 138, 139,140. 
Eyelid, effect of closure of, on lachrymal ap

paratus, 121. 
mechanism of its closure, 121. 

Eyes, bilateral deviation of, in cerebral le
sions, 40. 

oscillatory movements of, their clinical 
significance, 215. 

Face, in facial diplegia, 197. 
[ motor centers of, 42, 43. 

motor points of (cut), 282. 
paralysis of muscles of, 191, 192, 193, 

194. 
relations of cervical plexus to expres

sion of, 368. 
relation of facial nerve to expression 

of, 189. 
spasm of muscles of, 190, 191. 
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Facial diplegia, 196, 197. 
Facial nerve (see Nerve, Facial), 177. 

function of chorda tympani branch of, 
160. 

Facial neuralgia, 101. 
Fallopius, aqueduct of, 177, 182. 

aqueduct of, its relations to facial pa
ralysis, 193, 194. 

Fascia of chest, nerve distribution of, 368. 
of forearm, its nerve supply, 388. 
of leg, its relation to cutaneous nerves, 

474. 
its nervous supply, 447. 

Fasciae, nervous distribution to (general 
axiom), 12, 13. 

Fibers of Remak, 9. 
Fifth cranial nerve (see Nerve, Trigeminus), 

151. 
First cranial nerve (see Nerve, Olfactory), 95. 
Fissure, calcarine, of cerebrum, 80. 

calloso-marginal, of cerebrum, 80. 
external parieto-occipital, its relations 

to the lambdoidal suture, 68. 
external parieto-occipital, its situation, 

77. 
external parieto - occipital, surgical 

guide to, 71. 
internal parieto-occipital, of cerebrum, 

80. 
of Rolando, 37, 42. 
guide to, 70, 72. 
its relation to the coronal suture, 68. 
its situation, 77. 
of Sylvius, guides to, 71, 72. 
its situation, 77. 
its surgical importance, 77. 

Foot, its attitude in tibial paralysis, 485, 486. 
Forearm, motor points of (cut), 417, 418. 
Fourth cranial nerve (see Nerve, Trochlea

rs), 149. 
Fremitus of fingers in paralytic dementia, 

281. 

Gait of locomotor ataxia, 321. 
of peroneal paralysis, 483, 484. 
of sciatic paralysis, 481. 
of tetanoid paraplegia, 330. 

Ganglion, ciliary, 174, 175. 
jugular, 222. 
jugular, of pneumogastric, 239. 
lenticular, 174, 175. 
Meckel's, 174, 175, 183, 186. 
Meckel's, excision of, 173. 

Ganglion, of Luschka, 372. 
of root of pneumogastric, 239. 
of trunk of pneumogastric, 239. 
ophthalmic, 174, 175. 
ophthalmic, its relation to sixth nerve, 

176. 
otic, 174, 175, 183, 186. 
submaxillary, 174, 175. 
of Andersch, 222. 
of Gasser, 229. 

Ganglia, basal, of cerebrum, 26. 
basal, of cerebrum, effects of destruc

tion of, 56, 57. 
basal, of cerebrum, effects of lesions 

of, 81. 
basal, of cerebrum, their functions, 54. 
connected with fifth cranial nerve, 173, 

174. 
of the brain, 19, 20. 
of the fifth nerve (table of), 175. 

General axioms of nerve distribution, 11, 
12, 13. 

Genito-urinary center, 301, 311. 
Glands, cervical, relations of their enlarge

ment to fifth nerve, 170. 
Globus hystericus, 254. 
Glossoplegia, 278, 279. 
Glottis, respiratory movements of, 264. 
Gluteal paralysis, 461. 
Gubler, line of, 183, 192. 

Hair, sudden blanching of, 169. 
Hand, its relation to paralysis of median 

nerve, 397. 
its relation to paralysis of musculo-

spiral nerve, 415, 416. 
its relation to paralysis of ulnar nerve, 

403, 404. 
motor centers of, 43. 
motor points of (cut), 417, 418. 

Handwriting, its modifications in paralytic 
dementia, 281. 

Head, nerve supply to posterior portion of, 
366, 367. 

Hearing, centers of, 86. 
effects of section of fifth nerve upon, 

160. 
general view of organ of, 200. 
its relations to facial paralysis, 194. 

| its relation to otic ganglion, 174. 
I mechanism of, 202, 203, 204, 207, 208, 

209, 210. 
j relations of muscles of ear to, 187. 
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Hearing, special centers of, 52. 
Heart, acceleratory center of, 342, 343, 344. 

effects of section of pneumogastric 
upon, 251. 

inhibitory center of, 67. 
Hemianopsia, its varieties and causes, 123, 

124. 
Hcmiparaplegia, 348, 352. 
Hemiplegia spinal, 348, 350. 
Hiccough, 374, 375. 

its relations to focal lesions of spinal 
cord, 343. 

Huguier, canal of, 182. 
Hypergeusia, its tests and clinical signifi

cance, 235. 
Hyperopia, its effects on health, 109, 110. 
Hyperosmia, its causes and tests, 102. 

Incoordination, theories of origin of, 325. 
Intercostal neuralgia, 430. 
Internal capsule of the brain, 26, 48. 

effects of lesions of, 44, 49, 91. 
Iris, its nervous supply and movements, 130, 

131, 134, 135. 
reflex action of, and its clinical bear

ings, 135. 
relations of blood-vessels to move

ments, 134. 
Island of Reil, effects of lesions of, 86. 

its situation, 79, 80. 

Jacksonian epilepsy, 47. 

Kinesodic system, 313. 
Kopp's asthma, 254. 

Labyrinth, its anatomy and functions, 204. 
Lachrymal apparatus, its relation to facial 

paralysis, 19S. 
Larynx, effects of section of pneumogastric 

nerve upon, 249. 
Lenticular nucleus, 48. 
Liver* effects of section of pneumogastric 

nerve upon, 252. 
Lobe, frontal, of cerebrum, 35. 

frontal, of cerebrum, fifth convolution 
of, in criminals, 77. 

frontal, of cerebrum, its convolutions 
or gyri, 78. 

occipital, of cerebrum, its convolutions 
or gyri, 79. 

occipital, of cerebrum, its functions, 
50. 

Lobe, parietal, of the cerebrum, its convo
lutions or gyri, 78. 

Lobule, occipital, its situation, 80. 
para-central, 37. 
its situation, 80. 

Lobulus centralis, its situation, 79. 
quadratus, its situation, 80. 

Local tenderness of skin, significance of, 12. 
Locomotor ataxia, 316. 
Locus caeruleus, 175. 
Lower extremity, motor centers of, 40, 42. 
Lumbar plexus, 435, 436. 

tables of branches of, 437, 438. 
Lumbo-sacral cord, 458. 
Lungs, effect of section of pneumogastric 

nerve upon, 250. 

Macropsia, its clinical significance, 142, 143. 
Macula lutea, 105. 
Malum Cotunnii, 478. 
Mastication, effects of section of fifth nerve 

upon, 160. 
its alteration in Duchenne's disease, 

279. 
Mastodynia, 432, 433. 
Meckel's ganglion, 174, 175. 
Median nerve, trophic effects of paralysis 

of, 398. 
Medulla oblongata, respiratory center of, iis 

clinical relations, 342. 
centers of, and their functions, 66, 67. 
functions of, 65. 
nerve, nuclei of, 66. 

Megalopsia, its clinical significance, 142, 
143. 

Meniere's disease, 62, 120, 211. 
Meningo-encephalitis, 90. 
Meso-cephalon, motor and sensory tracts of 

(cut), 35. 
Micropsia, its clinical significance, 142, 143. 
Micturition, center of, 311. 

its relations to focal lesions of the 
spinal cord, 345, 347, 352. 

Monoplegia, surgical relief of, 74. 
traumatic and surgical aspects, 74. 
types of, 45, 46. 

Motor nerves, methods of termination (cut), 
10. 

Motor oculi nerve, 127. 
its clinical relations, 142. 
its origin and course, 127, 128. 
its relations to the perception of dis

tance, 140. 
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Motor oculi nerve, physiology of its distri
bution, 131, 132, 133. 

symptoms of paralysis of, 145. 
Motor points of upper extremity (cut), 415, 

416, 417, 418. 
Mouth, changes due to spasm of, 165. 

changes in Bell's paralysis, 180. 
motor centers of, 42. 

Muscae volitantcs, their causes, 115. 
Muscle, buccinator, its relations to degluti

tion, 227. 
buccinator, physiology of action, 188, 

189. 
platysma, physiology of its action, 

188. 
quadriceps extensor, spasm of, 448. 
stapedius, 181. 
stapedius, function of, 217. 
sterno-mastoid, its nerve supply, 266. 
sterno-mastoid, paralysis of, 270, 271. 
sterno-mastoid, tonic and clonic spasm 

of, 268, 269. 
tensor tympani, function of, 204, 217. 
tensor tympani, its relations to facial 

paralysis, 194. 
trapezius, its nerve supply, 266. 
trapezius, paralysis of, 271, 272. 
trapezius, tonic and clonic spasm of, 

268, 269. 
Muscles, causes of contracture after paraly

sis of, 346. 
extensor and adductor groups of thigh, 

spasm of, 482. 
flexor group of foot, spasms of, 482, 

483. 
flexor group of leg, spasm of, 482. 
gluteal, paralysis of, 461, 462. 
gluteal, spasms of, 461. 
of the hip, spasm of, 452, 481. 
of the thigh, atrophy of, 450. 
of the thigh and leg, their physiological 

groupings, 454, 455. 
of voice, nervous supply of, 263. 

Myelitis, central, of spinal cord, 338. 
of anterior horns of spinal cord, 331. 
polio-, 332. 

Myopia, its effects, 109, 111. 

Nerve, abducens, 175, 176. 
abducens, clinical relations of, 176, 

177. 
abducens, functions of, 176, 177. 
accessory obturator, 437, 438. 

Nerve, accessory obturator, its distributions 
and functions, 456, 457. 

anterior crural, 437, 438. 
anterior crural, its clinical relations, 

447. 
anterior crural, its distributions and -

functions, 444, 445. 
anterior crural, its relations to joints, 

444, 445. 
anterior interosseous, 382. 
anterior tibial, 472. 
Arnold's, 239. 
auditory, 198. 
auditory, anaesthesia of, 220. 
auditory, clinical points afforded by, 

211. 
auditory, diagram of, 19S. 
auditory, hyperaesthesia of, 219. 
auditory, its origin, 198. 
auditory, peculiarity of fibers of, 199. 
cardiac, 245. 
cervical, clinical points pertaining to, 

372. 
cervico-facial, 179. 182, 188. 
chorda tympani, 182, 183, 234. 
chorda tympani, diagram of, 183, 185. 
chorda tympani, function of, 225. 
chorda tympani, its origin, 179. 
chorda tympani, its relations to facial 

paralysis, 193, 194. 
chorda tympani, its relation to the sub

maxillary gland, 174. 
chorda tympani, its relations to taste, 

160. 
ciliary, 153, 154. 
circumflex, of arm, 378, 3S4, 406. 
circumflex, of arm, its clinical rela

tions, 407. 
circumflex, of arm, its distribution and 

functions, 406, 407. 
cochlear, 200. 
communicans noni, 275, 276, 362, 364. 
communicans noni, its surgical 'rela

tions, 369. 
compound, of the head, 172. 
cutaneous, of car, 158. 
dental, inferior, 153, 154. 
depressor, of heart, 23S, 239, 245, 

263. 
depressor, of heart, its relations to 

spinal accessory nerve, 265. 
descendens noni, 275, 276. 
dorsal, of penis, 459. 
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Nerve, dorsal, of penis, its distributions and 
functions, 407, 408. 

efferent, 7. 
excitory, of deglutition, 231. 
external anterior thoracic, 378, 382, 

385. 
external cutancpus, of the arm, 378, 

382, 385. 
external cutaneous, of the thigh, 437, 

438. 
external cutaneous, of thigh, its distri

bution and functions, 442, 443. 
external popliteal, 459, 472. 

, external respiratory, of Bell, 378. 
external saphenous, 472. 
facial, 177. 
facial, clinical points afforded by, 

190. 
facial, communications of, 178, 179. 
facial, course of, 177. 
facial, diagram of, 179. 
facial, functions of, 179, 180. 
facial, lingual branch of, 182, 184. 
facial, its relations to Duchenne's dis

ease, 280. 
facial, origins of, 177. 
facial, paralysis of, 180. 
facial, relations to fifth nerve, 183. 
facial, table of branches of, 182. 
fibers (cut), 5. 
frontal, 153, 154. 
genito-crural, 437, 438. 
genito-crural, its distribution and clini

cal relations, 443, 444. 
glosso-pharyngeal, 220. 
glosso-pharyngeal, clinical points of 

interest of, 234. 
glosso-pharyngeal, effects of section of, 

225. 
glosso-pharyngeal, its origin and rela

tions, 221. 
glosso-pharyngeal, table of branches 

of, 225. 
great auricular, 302, 363, 364, 366, 

367. 
great occipital, 362, 363, 366, 367. 
great sciatic, 458, 459. 
great splanchnic, its relation to pain, 

420. 
gustatory, 153, 154. 
hypo-glossal, 272. 
hypo-glossal, clinical points pertaining 

to, 277. 

! Nerve, hypo-glossal, communications of, 273, 
| 274, 275. 

hypo-glossal, effects of section of, 277. 
hypo-glossal, general function of, 272, 

1 276. 
hypo-glossal, its relations to degluti

tion, 227, 228, 277. 
hypo-glossal, origin of, 272, 273. 
ilio-hvpogastric, 437, 438. 
ilio-hypogastric, its clinical relations, 

440. 
ilio hypogastric, its distributions and 

functions, 439, 440. 
ilio-inguinal, 437, 438. 
ilio-inguinal, its clinical relations, 440. 
ilio-inguinal, its distribution and func

tions, 439, 440. 
inferior dental, rules for section of, 

173. 
inferior gluteal, 459. 
inferior hemorrhoidal, 459. 
inferior hemorrhoidal, its distributions 

and functions, 467, 46S. 
inferior maxillary, 153, 154. 
inferior pudendal, 459. 
inhibitory, of vaso-motor center, 247. 
intercostal, physiology of, 421, 422, 

423, 424. 
internal anterior thoracic, 378, 383, 

385. 
internal cutaneous, of arm, 378, 383, 

398. 
internal cutaneous, of the thigh, 438. 
internal popliteal, 459, 472. 
internal saphenous, 438. 
Jacobson's, 225. 
lachrymal, 153, 154. 
laryngeal, 242, 243. 
lesser internal cutaneous, 378, 383, 

398. 
long saphenous, 438. 
long saphenous, its distribution and 

physiology, 447. 
median, 378, 3S2, 391. 
median, its clinical relations, 395. 
median, its distribution and functions, 

393, 395. 
median, its surgical relations, 393, 398. 
middle cutaneous, of the thigh, 438. 
motcr-oculi, 127. 
motor-oculi externus, 175, 176. 
muscular, of brachial plexus, 378. 
musculo-cutaneous, 382,385. 
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Nerve, musculo-cutaneous, of arm, its clinical 
relations, 390, 391. 

musculo-cutaneous, of arm, its physio
logical relations, 386, 387, 388. 

musculo-cutaneous, of leg, 472. 
musculo-spiral, 378, 3S4, 408. 
musculo-spiral, its clinical relations, 

412. 
musculo-spiral, its course and distri

bution, 4<)8. 
musculo-spiral, its cutaneous distribu

tion, 411, 412. 
mylo-hyoid, 153, 154. 
nasal, 153, 154. 
obturator, 437, 438. 
obturator, its clinical relations, 455. 
obturator, its distributions and func

tions, 452, 453, 454. 
olfactory, 95. 

• olfactory, distribution and functions 
in animals, 98. 

olfactory, its clinical relations, 101. 
olfactory, its origin, 95, 96. 
olfactory, its relation to reflex action, 

100. 
olfactory, structure of filaments of, 97. 
ophthalmic, 153, 154. 
optic, 103. 
optic, causes of impairment of its 

fibers, 123, 124, 125, 126, 127. 
optic, chiasm of, 103. 

— optic, distribution of, 105. 
optic, fibers of, 103, 104. 
optic, its association with fifth nerve, 

106. 
optic, its clinical relations, 122. 
optic, its effect on coordination of 

movement, 120. 
optic, its effect on lachrymal appa

ratus, 120. 
optic, its effect on the pupil, 106. 
optic, its relations in the orbit, 108. 
optic, its relations to blood-vessels, 

103, 109. 
optic, its clinical relations to intra

cerebral pressure, 123. 
optic, its relations to reflex action, 106. 
optic, physiological reasons for pe

culiar distribution of its fibers, 107, 
108. 

orbital, 153, 154. 
of Wrisberg, 199, 378, 383, 424. 
patheticus, 149. 

Nerve, perineal, 459. 
perineal, its distributions and func

tions, 467, 468. 
peroneal, 472. 
phrenic, 362, 364, 378. 
phrenic, disorders of, 374. 
phrenic, its relations to focal lesion of 

spinal cord, 342. 
phrenic, its surgical relations and 

functions, 370. 
phrenic, physiology of distribution of, 

370, 371, 372. 
pneumogastric, 236. 
pneumogastric, afferent fibers of, 247. 
pneumogastric, anastomoses of, 237. 
pneumogastric, branches of, 240. 
pneumogastric, clinical points pertain

ing to, 253. 
pneumogastric, course and relations of, 

248, 249. 
pneumogastric, diagram of, 238, 241. 
pneumogastric, effects of section of, 

249, 250, 251, 252. 
pneumogastric, efferent fibers of, 240. 
pneumogastric, functions of, 240. 
pneumogastric, its relations to Du-

chennc's disease, 280. 
pneumogastric, relations to respira

tion, 247. 
portio intermedia, 179. 
posterior interosseous, 3S4, 410. 

—— posterior thoracic, 378. 
posterior tibial, 472. 
pudic, 458, 459. 
pudic, its clinical relations, 468. 
pudic, its distributions and functions, 

467, 468. 
pudic, its relations to the urinary or

gans and coitus, 468, 469. 
—— pulmonary, their clinical relations, 255. 

radial, 384, 410. 
recurrent laryngeal, 239. 
sciatic, its clinical relations and those 

of its branches, 478. 
sciatic, its distributions and functions, 

469, 470, 471. 
sciatic, paralysis of, or of its branches, 

483, 484. 
small occipital, 362, 363, 364, 366, 

367. 
small sciatic, 458, 459. 
small sciatic, its distribution and func

tion, 464. 
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Nerve, small sciatic, its relation to coitus, ! 
465, 166. 

small sciatic, its relations to genital 
organs, 466. 

spheno-palatinc, 153, 154. 
spinal accessory, 259. 
spinal accessory; clinical points per

taining to, 268. 
spinal accessory, communications of, ! 

260. 
spinal accessory, distribution of, 261. 
spinal accessory, effects of extirpation 

of, 265. 
spinal accessory, its communication 

with the suboccipital nerve, and its 
physiological importance, 267. 

spinal accessory, its distribution to 
muscles, and its physiological impor
tance, 266. 

spinal accessory, its relations to deglu
tition, 264. 

spinal accessory, its relations to Du-
chenne's disease, 280. 

spinal accessory, its relations to the 
heart's action, 264. 

spinal accessory, its relations to sing
ing, 266. 

spinal accessory, its relation to voice, 
264. 

sublingual, 272. 
suboccipital, 362, 366. 
subscapular, 378, 384, 404. 
supra-clavicular, 362, 363 
superficial cervical, 362, 363, 364. 
superficial perineal, 459. 
superior gluteal, 458, 459. 
superior gluteal, its clinical relations, 

460, 461. 
superior gluteal, its distribution and 

functions, 459, 460. 
superior maxillary, 153, 154. 
superior respiratory, of Bell, 243. 
sympathetic, 7. 
sympathetic, communications of, 9. 
sympathetic, distribution of, 7. 
sympathetic, function of, 7. 
sympathetic (cuts), 6-8. 
temporal, deep, 153, 157. 
tcmporo-facial, 179, 182, 188. 
temporo-malar, 153, 154. 
thoracic, 3S5. 
trigeminus, 151. 
trigeminus, afferent fibers of, 157. 

Nerve, trigeminus, clinical points afforded 
by, 161. 

trigeminus, diagnostic value of, 169. 
trigeminus, diagram of, 154. 
trigeminus, effects of section of, 159. 
trigeminus, efferent fibers of, 155. 
trigeminus, function of its efferent 

fibers, 155, 156. 
trigeminus, ganglia connected with, 

173. 
trigeminus, its relations to deglutition, 

228. 
trigeminus, its motor and sensory root, 

152. 
trigeminus, its origin, 151. 
trigeminus, neuralgias of, 161, 162, 

163. 
trigeminus, paralysis of, 165, 166, 167, 

168, 169. 
trigeminus, spasms due to, 164. 
trigeminus, surgical anatomy of, 172. 
trigeminus, table of branches of, 153. 
trochlear, 149. 
trochlear, effect of paralysis of, 150. 

151. 
trochlear, its origin and function, 149, 

150. 
tympanic, 179, 182. 
ulnar, 378, 383, 400. 
ulnar, its clinical relations, 402. 
ulnar, its distribution, 400, 402. 
ulnar, its relations to focal lesions of 

cord, 344. 
ulnar, its surgical relations, 400. 
vestibular, 200. 
Vidian, 182, 183, 186. 

Nerves, afferent, 7. 
auriculo-temporal, 153, 154. 
brachial plexus of, 378. 
cranial, 9-95. 
cardiac, their clinical relations, 256. 
cardiac functions of, 245, 246. 
cerebro-spinal, 5-9. 
cervical, 355. % 

cervical (lower), 378. 
cervical, classification of branches, 362. 
cervical plexus of, 364. 
coccygeal, 356. 
cutaneous, clinical guides to, 158, 159. 
cutaneous, of abdomen, their clinical 

subdivisions, 440. 
cutaneous, of head, 157, 158, 159. 
dental, anterior and posterior, 153,154. 
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Nerves, dorsal, 355, 419, 420. 
dorsal, their clinical relations, 424. 
dorsal, their communication with the 

sympathetic nerve, 419. 
dorsal, their relation to the brachial 

plexus, 419. 
dorsal, their relation to the contents 

of the mediastinal of the chest, 425. 
dorsal, their relation to heart disease, 

424. 
dorsal, their relation to pleurisy, 424. 
dorsal, paralysis of, 433, 434, 435. 
dorso-lumbar, 422. 
from lower cervical region, 377. 
gastric, their clinical relations, 257. 
general axioms of, 11, 12, 13. 
hepatic of pneumogastric, their clini

cal relations, 258. 
intercostal, 420. 
intercostal, lateral and anterior cuta

neous branches of, 420. 
intercostal, neuralgia of, 430, 431, 432. 
intercostal, their relation to abdominal 

pain, 427, 428. 
intercostal, their relation to disease of j 

the digestive viscera, 426. 
intercostal, their relation to disease of 

the stomach, 426. 
intercostal, their relations to focal le

sions of spinal cord, 351. 
intercostal, their relations to the pleu

ra, 422. 
intestinal, of pneumogastric, their clin

ical relations, 258. 
laryngeal, their clinical relations, 254. 
law of distribution of, 10. 
lumbar, 355, 436. 
motor, methods of termination (cut), 

10. 
motor points of, on skin, 3. 
oesophageal, 251. 
of arm and forearm (tables of), 382. 
of hip joint, 477, 47S. 
of larynx, 243, 2^4. 
of leg and foot (table of), 472. 
of respiratory movements of glottis, 

243. 
petrosal, 179, 182, 183, 184, 186. 
petrosal, diagram of, 186. 
petrosal, their relations to facial pa

ralysis, 193, 194. 
plantar, 472. 
practical interest of, 3. 

Nerves, resection of, rules for, 172. 
respiratory, of Bell, 187. 
sacral, 355, 457. 
sacral, neuralgia of posterior branches 

of, 480. 
spinal, 9-292. 
spinal, axioms of distribution of, 358, 

359, 360. 
spinal, roots of, 9. 
subscapular, distribution of each, 404. 

- subscapular, their clinical relations, 
405, 406. 

superior maxillary, rules for excision 
of, 173. 

supra-orbital, 153, 154. 
supra-orbital, rules for division of, 

172, 173. 
supra-scapular, 37S. 
thoracic intercostal, 420. 
thoracico-abdominal intercostal, 420. 
to the peritonaeum, and their physiol

ogy, 441. 
trochlear, 153, 154. 
vaso-motor for trunk, extremity, and 

viscera, 310. 
vaso-motor of spinal cord, 310. 

Nervous system of man, general arrange
ment of, 5. 

Neuralgia, cervico-occipital, 373. 
diaphragmatic, 374. 
intercostal, 430, 431, 432. 
of anterior crural nerve, 450. 
of the ilio-hypogastric and ilio-ingui

nal nerves, 439, 440. 
of the mammary gland, 432. 
of the obturator nerve, 455. 
of the phrenic nerve, 374. 
of the phrenic nerve, its differential 

diagnosis, 375. 
of the sciatic nerve, 47S. 479, 480, 

481. 
Ninth nerve, 220. 
Nucleus caudatus, guide to, 71. 
Nystagmus, its clinical significance, 146. 

Obturator neuralgia, 455, 456. 
paralysis, 456. 

Ocular movements, center of, 40, 52, 58. 
(Esophagus, center of movement of, 67. 
Olfactory nerve. (See Nerve, Olfactory.) 
Optic nerve. (See Nerve, Optic.) 
Optic thalamus, 26, 48. 

guide to, 71. 
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Optic thalamus, its effects on vision, 57. 
its functions, 54. 

Pain, at knee joint, its clinical significance, 
448, 454, 474, 475, 476. 

facial, of Fothergill, 161. 
general clinical significance of, 13. 
in the back, its relation to aneurism, 

427. 
in the pectoral region, its clinical sig

nificance, 427. 
in the penis,its clinical significance,466. 
in the pit of the stomach, its clinical 

significance, 426. 
in the region of the thorax, its diag

nostic value, 424, 425, 426. 
in the shoulder, its relation to diseases 

of the liver, 428. 
in the thorax, its relation to gastric 

and intestinal disease and tumors of 
the viscera, 428. 

its relation to brain lesions, 45. 
its relation to the phrenic nerve, 371. 
of gout, 318. 
of locomotor ataxia, its diagnostic pe

culiarities, 317. 
of rheumatism of muscles, 319. 
superficial, clinical significance of, 11. 

Palate, its relation to deglutition, 231. 
its relations to facial paralysis, 194. 
its relations to glosso-pharyngeal nerve, 

222. 
nerves of, 185. 

Papilla of retina, 105. 
Para-central lobule, effect of lesions of, 44. 
Paralysis, atrophic spinal, 331. 

bilateral, of face, 196. 
bulbar, 278, 279. 
cerebral, surgical relief of, 73, 74. 
crossed, 177, 182, 192. 
crossed, diagram of, 60. 
crossed, its varieties, 59. 
due to crutches, 419. 
due to lead poisoning, 413, 414, 415. 
facial, 191, 192, 193, 194. 
facial crossed, 182, 183, 184, 192,193. 
general, of the insane, 90. 
glosso-labio-laryngcal, 234, 278, 279. 

.- motor, due to lesions of cortex, 44. 
motor, its clinical significance when 

occurring on the same side as an in
jury to the head, 73. 

of anterior crural nerve, 449, 4"J0. 

Paralysis, of Bell, 180, 181. 
of circumflex nerve of shoulder, 407, 

408. 
of cranial nerves following injury to 

the head, 73. 
of diaphragm, 374, 376. 
of dorsal nerves, 433, 434, 435. 
of Duchenne, 198, 27S, 279. 
of facial muscles, 88. 
of facial nerve, its relation to hemi

plegia, 59. 
of the insane, 2S1. 
of lower extremity, 88. 
of median nerve, 395, 396, 397. 
of muscles of the back, 434, 435, 436. 
of musculo-cutaneous nerve, 390. 
of musculo-spiral nerve, 412, 413, 414, 

415, 416. 
of obturator nerve, 455, 456. 
of ocular muscles, its causes, 147, 148. 
of the ocular muscles, its effect on the 

position of the head, 140, 141, 142. 
of peroneal nerve, 4S3. 
of sciatic nerve, 481, 4S3. 
of sciatic nerve, its sensory disturb

ances, 486. 
of sciatic nerve, its trophic disturb

ances, 486. 
of superior gluteal nerve, 461. 
of ulnar nerve, 402, 403, 404. 
spastic spinal, 329. 
of tibial nerve, 484, 485. 
of tongue, 283. 
of upper extremity, 88. 
tetanoid, 329. 
tetanoid, gait of, 330. 
tetanoid, its relations to Duchenne's 

disease, 330. 
Paralytic dementia, 281. 
Paralyzed muscles, early rigidity of, in cor

tical lesions of the brain, 45. 
J late rigidity of, 44. 
' late rigidity of, its causes, 89. 
• theories of lati^rigidity of, 48. 

Paraplegia, hemi-, 348, 352. 
tetanoid, 329. 

Parturition, center of, 311. 
Patheticus nerve, 149. 
Pleurodynia, its diagnosis from pleurisy and 

angina pectoris, 432. 
Point apophysaire, 163. 
Polio-myelitis, its causes, varieties, and 

symptoms, 332, 333, 334. 
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Polydipsia, its clinical significance, 257. 
Polyphagia, its clinical significance, 258. 
Pons Varolii, its functions, 59, 61. 
Progressive muscular atrophy, 334. 
Prosopalgia, its clinical significance, 161. 
Ptosis, 145. 
Puncta dolorosa, of cervico-occipital neural

gia, 373. 
of crural nerve, 450. 
of fifth nerve, 163. 
of intercostal nerve, 432. 
of lumbar nerves, 440. 
of phrenic neuralgia, 374. 
of sciatic nerve, 480. 

Pupil, changes in and their physiology, 114. 
mechanism of its contraction and dila

tation, 130, 131, 134, 135. 

Remak, fibers of, 9. 
Respiration, center of, 342. 
Retina, blind spot of, 115. 

construction of, 117. 
papilla of, K 5. 

Rolando, fissure of, 37, 42. 
Roots of spinal nerves, 9. 

Saccule of the labyrinth, 200, 206. 
Sacral plexus, 457. 

articular branches of, 458, 459. 
muscular branches of, 458, 459. 
muscular branches of, their distribu
tion and function, 462, 463, 464. 

table of its branches, 458. 
Salaam convulsions of Newnham, 270. 
Salivary secretion, center of, 67. 

effects of section of fifth nerve upon, 
160. 

Scalp, pain of, its diagnostic importance, 171. 
Sciatic neuralgia, 478, 479, 4S0, 481. 
Second cranial nerve, 103. 
Sensory impressions, perception of, 48. 
Seventh cranial nerve (see Nerve, Facial), 177. 
Sight, center of, 50, 51, 52. 

effects of scction^pf fifth nerve upon, 
160. 

Singing, its alteration in Duchenne's disease, 
280. 

relations of spinal accessory nerve to, 
266. 

Sixth cranial nerve (see Nerve, Abducens), 
175. 

Skin, nervous distribution to (general axi
om), 12. 

Smell, effect of fifth nerve upon, 98. 
effects of section of fifth nerve upon, 

160. 
its modifications and their causes, 99. 
its alterations in Bell's paralysis, 102. 
its modifications in animals and races, 

98. 
its relations to taste, 101. 
physiology of its production, 98. 
relations of act of sniffing to, 187. 
relations of the facial nerve to, 187. 
special centers of, 52, 53. 
tests for, 101, 102. 

Sneezing, its physiology, 99. 
Sommering, yellow spot of, 105. 
Spasm of diaphragm, due to phrenic nerve, 

374, 376. 
of gluteal muscles, 461. 
of lower limbs, 481. 
of muscles of the hip, 452. 
of quadriceps extensor muscle, 448. 
of sterno-mastoid and trapezius mus

cles, 269, 270. 
of tongue, 283. 

Spasmodic contraction of the hip, 481. 
tabes, 329. 

Speech, center of, 32, 86. 
its alterations in Duchenne's disease, 

279. 
its modifications in paralytic dementia, 

281. 
muscles connected with, 370. 

Spina bifida, its clinical relations to nerve 
centers, 292. 

Spinal cord, 287, 288. 
an organ of conduction, 299. 
anterior and posterior root zones of, 

297. 
anterior fundamental column of, 297. 
antcro-lateral columns of, 298, 300. 
appearance of transverse section of, 

294. 
arrangement of its sensory fibers, 304. 

• arrangement of motor fibers of, 302. 
as a nerve center, 309. 
automatic action of, 304, 312. 
aesthesodic system of, 313. 
central canal of, 295, 306. 
central myelitis of, 338. 
classification of diseases of, 315. 
clinical points pertaining to, 313. 
columns of, 290, 291. 
columns of Goll and Burdach, 297, 309. 
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Spinal cord, columns of Goll, Tiirck, Bur
dach, their physiology, 297, 298, 309. 

commissural iibcrs of, 301, 8'>7, 309. 
commissures of, 290, 296. 
construction of anterior horns of 

294. 
decussation of sensory and motor fibers 

of, 307, 308. 
degeneration of the cells of anterior 

horns of, 334. 
direct cerebellar column of, 298. 
direct and crossed pyramidal columns 

of, 297. 
excitability of, 300, 301. 
fissures of, 290. 
fibers of, general proportions of, 309. 
focal lesions of, 339. 
focal lesions of, above lumbar enlarge

ment, 346. 
focal lesions at lumbar enlargement of, 

347. 
focal lesions of, cervical enlargement 

of, 342. 
focal lesions of lateral half of, 348. 
focal lesions of mid-dorsal region of, 

345. 
focal lesions of upper cervical regions 

of, 342. 
functions of, 299. 
functions of its gray matter, 300. 
general construction of, 289. 
gray substance of, component parts of, 

295. 
its gray and white matter, 294, 295. 

its investing fluid, 292. 
kinesodic system of, 313. 
membranes of, 292. 
myelitis of anterior horn, 331. 
nerves arising from, 291. 
nerve cells of, 302, 303, 304, 305. 
non-systematic or focal lesions of, 

314, 315, 339. 
paths of motor and sensory impulses 

in, 299, 300. 
reflex action of, 310. 
sclerosis of, lateral columns of, 329. 
special centers of, 301. 
systematic lesions of, 313, 315. 
systematic lesions of, aesthesodic sys

tem of, 315. 
systematic lesions of, kinesodic sys

tem of, 325. 
trophic function of, 301. 

Spinal cord, white substance of, component 
parts of, 295. 

varieties Of fibers in, 302. 
vaso-motor centers of, 310, 311, 351. 
epilepsy, 345. 
hemiplegia, 348, 350. 

Spinal nerves, 9, 355. 
nerves, roots of, 9, 355, 357. 
paralysis, atrophic, 331. 

Stomach, center of movement of, 67. 
effects of section of pneumogastric 
upon, 252. 

Strabismus, internal, its clinical signifi
cance, 146, 149, 176. 

Suture, coronal, its relation to the fissure of 
Rolando, 68. 

lambdoidal, its relation to the external 
parieto-occipital fissure of the cere
brum, 68. 

Sympathetic nerve, 7. 
communications of, 9. 
distribution of, 7. 
function of, 7. 
cuts of, 6-S. 

Tactile sensation, destruction of, 49. 
Taste, anaesthesia of, 236. 

effect of chorda-tympani nerve on, 
160. 

effects of nerves upon, 225. 
effects of section of fifth nerve upon, 

160. 
hyperaesthesia of, 235. 
its clinical relations, 235. 
its relations to facial paralysis, 193. 
its relations to glosso-pharyngeal nerve, 

224. 
limits of its situation, 226. 
buds, 225, 226. 

Teeth, chattering of, in spasm, 164. 
grinding of, in spasm, 164. 

Temperature of the body, its relations to 
focal lesions of the cord, 344. 

Tendo oculi, its function, 121. 
Tenth cranial nerve "̂see Nerve, Pneumogas

tric), 236. 
Tetanoid paraplegia, 329. 
Third cranial nerve (see Nerve, Motoroculi), 

127. 
Tic-douloureux, 161. 
Tongue, fibrillary tremor of, 283. 

furring of, its clinical significance, 170, 
224. 
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Tongue, its relations to deglutition, 227, 229. 
nerves of, 276, 277. 
paralysis of, 283. 
spasm of, 283. 

Trephining, surgical rules for, 73. 
Trigeminus nerve. (See Nerve, Trigeminus.) 
Trochlear nerve, 149. 

effect of paralysis of, 150, 151. 
its origin and function, 149, 150. 

Tumors, cerebral, their symptoms, 164. 
Twelfth cranial nerve (see Nerve, Hypo

glossal), 272. 

Upper extremity, motor centers of, 42. 
Utricle, 206. 

Vaso-motor fibers of fifth nerve, 163. 
Vestibule of labyrinth, 200, 204. 
Vision, accommodation of, 132. 

Vision, centers of, 86. 
colored perceptions of objects, 50, 51. 
contraction of the field of, 49. 
deceptive, its clinical significance, 142. 
determination of distance, 140. 
its abnormalities and their conse
quences, 109, 110. 

perception of color, 116, 118, 119. 
physiology of light sensations, 115. 
tests for, 112, 113. 

Visual purple, 116. 
Voice, its relations to facial diplegia, 197. 

nervous supply of muscles of, 263. 
relations of spinal accessory nerve to, 

264. 
Vomiting, center of, 67. 

nervous, 258. 

Wrisberg, nerve of, 177, 179. 

THE END. 
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HOSMER. The Every day Doctor Ful l Roan, 3 00 
H O L L A N D (Sir HENRY, Bart., M. D.) Recollections of Past Life. 

12mo Cloth, 2 00 
HOUSE A N D ITS SURROUNDINGS. Health Primers. 16rno. Cloth, 40 
HOWE (JOSEPH W.) Emergencies, and How to Treat Them. By 

Joseph W. Howe, M. D., Visiting Surgeon to Charity Hospital; Clin
ical Professor of Surgery in the Medical Department of the Univer
sity of New York, etc. 8vo Cloth, 2 50* 

The Breath, and the Diseases which give i t a Fetid Odor. Wi th 
Directions for Treatment. 12mo Cloth, 1 00 

HUNTER (JAMES B., M. D.) A Manual of Gynecological Operations. 
Wi th Illustrations (In preparation.) 

H U X L E Y (T. H. , L L . D.) The Anatomy of Vertehrated Animals. 12mo. 
Illustrated Cloth, 2 50 

The Anatomy of Invertebrated Animals. 12mo. Illustrated. 
Cloth, 2 50 

H U X L E Y A N D YOUMANS'S Elements of Physiology and Hygiene. 
By T. Huxley and W. J. Youmans. 12mo 1 75 

JOHNSTON'S Chemistry of Common Life . Illustrated. 12mo. Cloth, 2 00 
KEYES. The Tonic Treatment of Syphilis, including Local Treatment 

of Lesions. By E. L . Keyes, Adjunct Professor of Surgery, and 
Professor of Dermatology, B. H . M . C , and Surgeon to Bellevue 
Hospital. 8vo Cloth, 1 00* 

KINGSLEY (N. W., M. D.) A Treatise on Oral Deformities as a 
Branch of Mechanical Surgery. W i t h over 350 Illustrations. 8vo. 

Cloth, $5.00*; Sheep, 6 00* 
LEGG (J. W I C K H A M , M. D.) On the Bile, Jaundice, and Bilious Dis

eases. Wi th Illustrations in Chromo-Lithography. 8vo. 
Cloth, $6.00*; Sheep, 7 00* 

L E T T E R M A N (J., M . D.) Medical Recollections of the Army of the 
Potomac. 8vo Cloth, 1 00 

LEWES'S Physiology of Common Life. 2 vols., 12mo Cloth, 3 00 
L I N D S A Y (W. L.) Mind in the Lower Animals. 2 vols., 8vo. Cloth, 4 00 
LUSK ( W I L L I A M T., M . D.) The Science and A r t of Midwifery. 

(In preparation.) 
MARKOE (T. M.) A Treatise on Diseases of the Bones. By Thomas 

M. Markoe, M. D., Professor of Surgery in the College of Physicians 
and Surgeons. With Illustrations. 8vo Cloth, 4 50* 

MAUDSLEY (HENRY). Body and Mind : an Inquiry into their Con
nection and Mutual Influence, specially in reference to Mental Dis
orders. An enlarged and revised edition, to which are added 
Psychological Essays. By Henry Maudsley, M. D., London, Fellow 
of the Royal College of Physicians; Professor of Medical Jurispru
dence in University College, London, etc. 12mo Cloth, I 50 

Physiology of the Mind. Being the first part of a third edition, 
revised, enlarged, and in great part rewritten, of "The Physiol
ogy and Pathology of the Mind." 12mo Cloth, 2 00 

, Pathology of the Mind. Third edition. 12mo Cloth, 2 00 
Responsibility in Mental Disease. (International Scientific Series.) 

12mo Cloth, 1 50 



PRICE 
McSHERRY. Health and How to Promote i t .Cloth, $1 25 
M E Y E R (Dr. MORITZ) . Electricity in its Relations to Practical Medi

cine. Translated f rom the th i rd German editioD, wi th numerous 
Notes and Additions, by "William A . Hammond, M . D. , Professor of 
Diseases of the Mind and Nervous System, in the Bellevue Hospital 
Medical College, etc. "With numerous Illustrations. 8vo Cloth, 4 50* 

N E F T E L ( W M . P>., M . D.) Galvano-Therapeutics. The Physiological 
and Therapeutical Act ion of the Galvanic Current upon the Acoustic, 
Optic, Sympathetic, and Pneumogastric Nerves. 12mo Cloth, 1 50* 

N E U M A N N (ISIDOR). Hand-Book of Skin Diseases. By Dr. Isidor 
Neumann. Translated by Lucius D. Bulkley, A . M. , M . D. Illus
trated by 66 "Wood Engravings. 8vo Cloth, $4.00* : Sheep, 5 00* 

N E W Y O R K M E D I C A L J O U R N A L . Edited by Frank P. Foster, 
M . D Terms per annum, 4 00* 

Specimen numbers sent by mail, on receipt of 25 cents. 
C L U B R A T E S : New York Medical Journal and Appletons' Journal 

( f u l l price $7.00) 6 25 
Medical Journal and Popular Science Monthly, or Nor th American 

Review ( fu l l price $9.00) 8 00 
N I E M E Y E R (Dr. F E L I X V O N ) . A Text-Book of Practical Medicine, 

w i th particular reference to Physiology and Pathological Anatomy. 
Containing all the author's Additions and Revisions in the eighth 
and last German edition. Translated f rom the German edition, by 
George H . Humphreys, M . D. , and Charles E. Hackley, M . D. 2 
vols., 8vo Cloth, $9.00*; Sheep, 11 00* 

N I G H T I N G A L E ' S (FLORENCE) Notes on Nursing. 12mo. . . .Cloth, 75 
PAGET. Clinical Lectures and Essays. By Sir James Paget, Bart., 

F. R. S., D . O. L . , Oxon., L L . D., Cantab., etc. Edited by Howard 
Marsh, F. R. C. S., etc. 8vo Cloth, 5 00* 

PEASLEE (E. R.) A Treatise on Ovarian Tumors; their Pathology, 
Diagnosis, and Treatment, w i t h reference especially to Ovariotomy. 
By W. R. Peaslee, M . D. , L L . D. , Professor of Diseases of Women, in 
Dartmouth College ; formerly Professor of Obstetrics and Diseases 
of Women, in the New York Medical College; Corresponding Mem
ber of the Obstetrical Society of Berlin, etc. I n one large vol., 
8vo. Wi th Illustrations Cloth, $5.00* ; Sheep, 6 00* 

PEREIRA'S (Dr.) Elements of Materia Medica and Therapeutics. 
Abridged and adapted for the Use of Medical and Pharmaceutical 
Practitioners and Students, and comprising all the Medicines of the 
Brit ish Pharmacopoeia, w i th such others as are frequently ordered 
in Prescriptions, or required by the Physician. Edited by Robert 
Bentley and Theophilus Redwood. New edition. Royal 8vo. 

Cloth, $7.00* ; Sheep, 8 00* 
Q U A I N . A Dictionary of Medicine. Edited by Richard Quain, M . D., 

F. R. S ; assisted by numerous Eminent Writers. 8vo. 
R A N N E Y (AMBROSE L.) Applied Anatomy of the Nervous System, 

being a Study of this Portion of the Human Body from a Stand
point of its General Interest and Practical Ut i l i ty , designed for Use 
as a Text-Book and as a Work of Reference (In press.) 

RICHARDSON. Diseases of Modern Life . By Benjamin Ward Rich
ardson, M . D. , M . A. , F. R. S. 12mo Cloth, 2 00 

A Ministry of Health. 12mo Cloth, 1 5 0 
ROSCOE-SCHORLEMMER. Treatise on Chemistry. 

V o l . 1. Non-Metallic Elements. 8vo Cloth, 5 00 
V o l . 2. Part I . Metals. 8vo Cloth, 3 00 
V o l . 2. Part I I . Metals. 8vo ' .' Cloth, 3 00 

SAYRE (LEWIS A. , M. D.) Practical Manual of the Treatment of 
Club-Foot. By Lewis A . Sayre, M . D., Professor of Orthopedic 
Surgery in the Bellevue Hospital Medical College; Surgeon to 
Bellevue Hospital, etc. New edition. 12mo Cloth, 1 25 
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SAYRE (LEWIS A., M . D.) Lectures on Orthopedic Surgery and Dis
eases of the Joints, delivered at Bellevue Hospital Medical Col
lege, during the Winter Session of 1874-1875, by Lewis A. Sayre, 
M. D Cloth, $5.00*; Sheep, $6 00* 

SCHROEDER (Dr. K A R L ) . A Manual of Midwifery, including the 
Pathology of Pregnancy and the Puerperal State. By Dr. Kar l 
Schroeder, Professor of Midwifery, and Director of the Lying-in 
Institution, i n the University of Erlangen. Translated into English 
from the third German edition, by Charles H. Carter, B. A., M . D. , 
B. S., London ; Member of the Royal College of Physicians, London, 
etc. With 26 Engravings on Wood. 8vo. . .Cloth, $3.50*; Sheep, 4 50* 

SIMPSON (Sir JAMES Y.) Selected Works: Anaesthesia, Diseases of 
Women. 3 vols., 8vo. Per volume Cloth, $3.00*; Sheep, 4 00* 

S K I N (THE) A N D ITS TROUBLES. Health Primers. 16mo..Cloth, 40 
SMITH (EDWARD, M . D., L L . B. , F. R. S.) Foods. (International 

Scientific Series.) 1 75 
Health : a Hand-Book for Households and Schools. 12mo.Cloth, 1 00 

STEINER. Compendium of Children's Diseases: a Hand-Book for 
Practitioners and Students. By Dr. Johannes Steiner, Professor of 
Diseases of Children in the University of Prague, etc. Translated 
from the second German edition, by Lamson Tait, F. R. C. S., etc. 
8vo Cloth, $3.50*; Sheep, 4 50* 

STROUD ( W I L L I A M , M. D.) The Physical Cause of the Death of 
Christ. 12mo Cloth, 2 00 

SWETT'S Diseases of the Chest. 8vo Cloth, 3 50* 
TILT'S Hand-Book of Uterine Therapeutics. Second American edition, 

revised and amended. 8vo, 368 pages Cloth, 3 50* 
Y A N BUREN (W. H.) Lectures upon Diseases of the Rectum, and 

the Surgery of the Lower Bowel, delivered at Bellevue Hospital 
Medical College; by W. H . Van Buren, M . D., L L . D., Professor of 
the Principles and Practice of Surgery in the Bellevue Hospital 
Medical College ; one of the Consulting Surgeons of the New Yo#k 
Hospital; of the Bellevue Hospital; Member of the New York 
Academy of Medicine; of the Pathological Society of New York, 
etc. New edition, enlarged and rewritten. 8vo Cloth, 3 00* 

V A N BUREN AND KEYES. A Practical Treatise on the Surgical 
Diseases of the Genito-Urinary Organs, including Syphilis. De
signed as a Manual for Students and Practitioners. Wi th En
gravings and Cases. By W. H . Van Buren, M . D., L L . D., and 
Edward L. Keyes, A . M., M. D., Professor of Dermatology in 
Bellevue Hospital Medical College; Surgeon to the Charity Hos
pital, Venereal Division ; Consulting Dermatologist to the Bureau 
of Out-Door Relief, Bellevue Hospital, etc. 8vo. 

Cloth, $5.00* ; Sheep, 6 00* 
VOGEL (A.) A Practical Treatise on the Diseases of Children. By 

Alfred Vogel, M. D., Professor of Clinical Medicine in the Univer
sity of Dorpat, Russia. Translated and edited by H . Raphael, M. D., 
late House Surgeon to Bellevue Hospital; Attending Physician to 
the Eastern Dispensary for the Diseases of Children, etc. From the 
fourth German edition. Illustrated by six Lithographic Plates. 8vo. 

Cloth, $4.50*; Sheep, 5 50* 
WAGNER (RUDOLF). Hand-book of Chemical Technology. Trans

lated and edited f rom the eighth German edition, wi th extensive 
Additions, by William Crookes, F. R. S. Wi th 336 Illustrations. 
8vo, 761 pages Cloth, 5 00 

W A L T O N (GEORGE E., M. D.) Mineral Springs of the United States 
and Canadas. Containing the latest Analyses, wi th fu l l Description 
of Localities, Routes, etc. 12mo Cloth, 2 00 

WELLS (Dr. T. SPENCER). Diseases of the Ovaries. 8vo Cloth, 4 50 
W Y L I E ( W I L L I A M G.) Hospitals 2 50* 
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T O T H E M E D I C A L P R O F E S S I O N 
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