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( B i s h o p ,  G a r r y ,  R o b e r ts  & Todd 195 6 a )  and were pub l ished  

in  a f u l l e r  fo rm  in  t h e  J o u rn a l  o f  P h y s i o lo g y  l a t e r  t h a t  

y e a r  ( B i s h o p ,  G a r r y ,  R o b e r ts  & Todd 1 9 5 6 b ) .  Some o f  t h e  

r e s u l t s  o f  P a r t  4  were p r e s e n t e d  t o  t h e  P h y s i o l o g i c a l  

S o c i e t y  as a co m m u n ic a t io n  in  September  1957 ,  ( G a r r y ,  

R o b e r ts  & Todd 195 7 )  and a f u l l e r  a cc o u n t  o f  t h e  c o n t e n t s  

o f  t h a t  s e c t i o n  was p u b l i s h e d  in  t h e  Jou rn a l  o f  Phys io logy  

l a t e r  ( G a r r y ,  R o b e r ts  & Todd 1 9 5 9 ) .  Some o f  t h e  c o n t e n t s  

o f  t h i s  p a r t  were a l s o  r e a d  as a p a p e r  t o  t h e  U r o l o g i c a l  

C lub  o f  G re a t  B r i t a i n  in  A p r i l  1961 .  The r e s u l t s  o f  t h e  

e x p e r im e n t s  on u r e t h r a l  f l o w  r e c e p t o r s  c o n t a i n e d  in  P a r t  5 

were g i v e n  in  a co m m unica t ion  t o  t h e  P h y s i o l o g i c a l  S o c i e t y  

i n  December I 9 6 0  (Murphy & Todd 1 9 6 1 ) .  F i n a l l y  t h e  

r e s u l t s  o f  P a r t  3 ,  t h e  e a r l i e s t  p a r t  t o  be p u b l i s h e d ,  have  

now fo u n d  t h e i r  way i n t o  t h e  most r e c e n t  e d i t i o n s  o f  

s t a n d a r d  t a x t b o o k s  o f  p h y s i o l o g y  p u b l i s h e d  h e r e  and in  t h e  

U n i t e d  S t a t e s  ( B e l l ,  D a v id so n  & Scarborough  196 1 )  and 

(Ruch & F u l t o n  I 9 6 0 ) ,  w h i l e  t h e  c o n t e n t s  o f  P a r t  5 a r e  

b e in g  p r e p a r e d  f o r  f u t u r e  p u b l i c a t i o n .



GENERAL INTRODUC'D ON
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The p e l v i c  p a r t s  o f  t h e  u r i n a r y  and a l i m e n t a r y  

t r a c t s  have a common embryo I o g i c a t  o r i g i n  f ro m  t h e  c l o a c a  

and hence have a s i m i l a r  p a t t e r n  o f  i n n e r v a t i o n  and 

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

t w o - f o l d :  c o n t i n e n c e  and e v a c u a t i o n .  Most work in  t h e

p a s t  has been d i r e c t e d  t o w a r d s  th e  second f u n c t i o n  -  

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

e x p e r i e n c e  p ro b le m s  o f  c o n t i n e n c e  a r e  e q u a l l y  i m p o r t a n t ,  

p a r t i c u l a r l y  is  t h i s  so as t h e  a v e r a g e  age o f  t h e  p o p u l a t i o n  

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

common c l i n i c a l  p ro b lem s  in  t h e  p r a c t i c e  o f  t h e  g e r i a t r i c i a n ,  

t h e  s u r g e o n ,  t h e  g y n a e c o l o g i s t  and t h e  n e u r o l o g i s t ,  y e t  our  

knowledge o f  t h e  normal p h y s i o l o g y  o f  t h e s e  p ro c e s s e s  

re m a in s  i n c o m p l e t e .  The s tu d y  o f  p a t i e n t s  o f f e r s  a 

v a l u a b l e  approach  b u t  is  u n s u i t e d  t o  i n v e s t i g a t i n g  t h e  

b a s ic  mechanisms i n v o l v e d .  The a l t e r n a t i v e  approach  i s  

t h a t  o f  e x p e r im e n t a l  work on low e r  a n i m a l s ,  b e a r i n g  in  

mind t h a t  s p e c ie s  d i f f e r e n c e s  e x i s t  and w i l l  c o m p l i c a t e  

t h e  t r a n s f e r e n c e  o f  r e s u l t s .

In  t h e  l a t e  n i n e t e e n t h  and e a r l y  t w e n t i e t h  c e n t u r i e s  

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

p u b l i s h e d .  T h i s  p e r i o d ,  when m echanica l  r e c o r d i n g  methods  

were used e x c l u s i v e l y ,  c u l m in a t e d  in  t h e  p a p e rs  o f  

B a r r i n g t o n  on t h e  b l a d d e r  and u r e t h r a  and t h o s e  o f  G a r ry  

on t h e  re c tu m  and ana l  c a n a l . Both o f  t h e s e  w o rkers  

emphasised t h e  r e f l e x  b a s is  o f  th e  p h y s i o l o g y  o f  t h e  

r e g i o n  and t h e i r  work has s i n c e  become th e  s t a n d a r d  so u rc e  

o f  i n f o r m a t i o n  on t h e  s u b j e c t .  T h e re  a r e ,  how ever ,  a 

number o f  fundam en ta l  d e f e c t s  i n h e r e n t  in  any method o f



r e c o r d i n g  based on m echa n ic a l  p r i n c i p l e s  when a p p l i e d  t o  

t h e s e  p ro b le m s  and t h e s e  d e f e c t s  a r e  d is c u s s e d  more f u l l y  

in  a l a t e r  s e c t i o n .  L i t t l e  has been added t o  t h e  r e s u l t s  

o f  B a r r i n g t o n  and G a r ry  s i n c e  th e n  and in  r e c e n t  y e a r s  

t h e r e  has been a swing away f ro m  t h e  s t u d y  o f  p h y s i o l o g i c a l  

o r g a n i s a t i o n  a t  t h e  l e v e l  o f  t h e  c o m p le te  o rgan  or  sys tem ,  

to w a rd s  i t s  s t u d y  a t  t h e  l e v e l  o f  t h e  i n d i v i d u a l  c e l l .

One o f  t h e  most s t r i k i n g  advances which has accompanied  

t h i s  s h i f t  t o  a more fu n d a m e n ta l  approach t o  p h y s i o l o g i c a l  

r e s e a r c h ,  is  t h e  d ev e lo p m en t  which has t a k e n  p l a c e  in  

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

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

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

newer t e c h n i q u e s  t o  t h e  p rob lem s o f  t h e  p e l v i c  v i s c e r a .

A few  s t u d i e s  o f  t h i s  s o r t  have a l r e a d y  ap p eared  b u t  many 

q u e s t i o n s  s t i l l  r e m a in  t o  be an sw ered .

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

a t i o n  and c o n t i n e n c e  a r e  c o n c e r n e d ,  t h e r e  seem t o  me t o  be 

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

s p h i n c t e r  muscles  o f  t h e  anus and u r e t h r a  whose p r o x i m i t y  

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

t h e i r  s t u d y  by m echan ica l  methods and which form  an 

im p o r t a n t  p a r t  o f  t h e  e f f e c t o r  s i d e  o f  t h e  r e f l e x e s ,  and 

second ,  a s tu d y  o f  t h e  b e h a v i o u r  o f  t h e  sense organs  

i n v o l v e d  in  t h e  i n g o in g  s i d e  o f  t h e  r e f l e x  a r c .  In  a d d i t i o n  

I b e l i e v e  t h a t  t h e  most r a t i o n a l  approach t o  most  

p h y s i o l o g i c a l  p rob lem s  is  one in  which e x p e r im e n t a l  

i n v e s t i g a t i o n s  a r e  accompanied by p a r a l l e l  and com plem entary  

s t u d i e s  o f  t h e  m orphology  o f  t h e  e le m e n t s  i n v o l v e d .  I 

have t h e r e f o r e  c a r r i e d  ou t  some h i s t o l o g i c a l  s t u d i e s  o f  

t h e  sense o rgans  and n e r v e  t r u n k s  from which t h e  r e c o r d i n g s  

have been made.
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A. THE MUSCULATURE AND NERVE SUPPLY OF THE

ANO-RECTAL AND URO-GENITAL REGIONS IN THE CAT

I » 1n t r o d u c t  i on

In  c o n t r a s t  t o  human anatomy t h e r e  e x i s t s  no 

s t a n d a r d  t e r m i n o l o g y  f o r  t h e  anatomy o f  t h e  c a t #  In  

v iew  o f  t h e  im p o r ta n c e  o f  t h i s  anatomy in  t h e  d e s c r i p t i o n s  

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

i t  seemed t o  be e s s e n t i a l  t o  make some s tu d y  o f  t h e  

m u s c u la t u r e  and i n n e r v a t i o n  in  p a r t i c u l a r .  To do t h i s ,

I d i s s e c t e d  a number o f  f r e s h l y  k i l l e d  a n im a ls  o f  both  

sexes and compared t h e  r e s u l t s  w i t h  t h e  d e s c r i p t i o n s  

g i v e n  in  t h e  p u b l i s h e d  works on c a t  anatomy*

T h e re  a r e  two main works on t h e  s u b j e c t • th o s e  

o f  S t r a u s - D u r c k h e i m  ( 1 8 4 5 )  and o f  R e ig h a r d  & J enni  ngs 

( 1 9 2 5 ) ,  b u t  t h e s e  do not  a g re e  c l o s e l y ,  e i t h e r  in  t h e i r  

d e s c r i p t i o n  o f  s t r u c t u r e  o r  in t h e  n o m e n c la tu re  used*

Of t h e  tw o ,  I have m a i n ly  used t h e  n o m e n c la tu r e  o f  

S t r a u s - D u r c k h e i m ,  because t h i s  t e r m i n o l o g y  was subse­

q u e n t l y  used by L a n g le y  & Anderson (1 8 9 5  & 1 8 9 6 ) ,  in  

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

o f  t h e  p e l v i c  v i s c e r a  and because i t  a p p r o x im a t e s  most 

c l o s e l y  t o  t h e  n o m e n c la tu re  used by S h e r r i n g t o n .

2* The M u s c u l a t u r e  o f  t h e  A n o - r e c t a l  R eg io n  and t h e  
P e l v i c  Diaphragm

An e x t e n s i v e  l i t e r a t u r e  e x i s t s  on t h e  anatom y,  

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

m u s c u la t u r e  in  man. R e cen t  r e v i e w s  i n c l u d e  th o s e  o f  

M i l l i g a n  & Morgan ( 1 9 3 4 )  and Gorsch ( 1 9 5 5 ) *
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The human e x t e r n a l  anal s p h i n c t e r  i s  a band o f  

s t r i a t e d  muscle  e n c i r c l i n g  t h e  ana l  c a n a l .  The f i r s t  

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

S a n t o r i n i  ( 1 7 1 0 )  and he seems t o  have been t h e  f i r s t  t o  

have r e c o g n is e d  i t s  t r i l a m i n a r  a r r a n g e m e n t .  Hoi I ( 1 8 8 9 )  

o f f e r e d  t h e  n o m e n c la tu r e  which i s  now in e s t a b l i s h e d  u se ,  

r e f e r r i n g  t o  i t s  t h r e e  components as s u b c u ta n e o u s ,  

s u p e r f i c i a l  and d ee p .

C o n fu s io n  o f  t e r m i n o l o g y  a r i s e s  in  t h e  d i f f e r e n t  

d e s c r i p t i o n s  o f  t h e  anal  s p h i n c t e r  in  t h e  c a r n i v o r a .  In 

t h e  c a t ,  S t r a u s - D u r c k h e i m  and R e ig h a r d  & Jen n in g s  d i v i d e  

t h e  s t r i p e d  muscle  i n t o  an e x t e r n a l  and an i n t e r n a l  anal  

s p h i n c t e r .  In o r d e r  t o  keep t h e  t e r m i n o l o g y  in  l i n e  

w i t h  t h a t  o f  human anatomy,  I use t h e  te rm  e x t e r n a l  ana l  

sph i n c t e r  t o  d e s i g n a t e  t h e  e n t i r e  s t r i p e d  muscle s h e e t  — 

a s h e e t  which can be d i v i d e d  i n t o  a s u p e r f i c i a l  and a 

deep component .  The s u p e r f i c i a l  p a r t  o f  t h e  e x t e r n a l  

s p h i n c t e r  a r i s e s  f rom  a space about  h a l f  a c e n t i m e t r e  

broad  on t h e  d o r s a l  a s p e c t  o f  t h e  f i f t h  caudal  v e r t e b r a ,  

where i t  has some d e c u s s a t i o n  w i t h  i t s  f e l l o w  o f  t h e  

o p p o s i t e  s i d e .  I t  runs downward on e i t h e r  s id e  o f  t h e  

t a i l  as a band h a l f  a c e n t i m e t r e  b road  t o  s u r ro u n d  t h e  

anus and d e c u s s a te  in  t h e  p e r in e u m ,  w h i l e  i t s  most  

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

s c r o t i  o r  l e v a t o r  v u l v a e .  A c c o rd in g  t o  S t r a u s - D u r c k h e i m ,  

t h e r e  i s  a l s o  some d e c u s s a t io n  between t h e  m uscles o f  

o p p o s i t e  s i d e s  between t h e  anus and t h e  t a i l .  The 

muscle is  o f t e n  removed w i t h  t h e  s k in  and i t s  caudal  

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

I t  c o r re s p o n d s  t o  t h e  ' e x t e r n a l  ana l  s p h i n c t e r '  o f  

S t r a u s - D u r c k h e  i m.
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The deep p a r t  o f  t h e  e x t e r n a l  s t r i p e d  muscle  is  

much more p o w e r f u l  and b u l k y *  I t  fo rm s a t h i c k  m u scu la r  

c o l l a r  f o r  t h e  ana l  c a n a l ,  b r o a d e r  dorsa d  where i t  may be 

one and a h a l f  c e n t i m e t r e s  in  w i d t h ,  and t a p e r i n g  as i t  

runs v e n t r a l l y  e n c i r c l i n g  t h e  ana l  cana l  and t h e  anal  

pouches*  T h i s  muscle c o r r e s p o n d s  t o  t h e  ' i n t e r n a l  ana l  

s p h i n c t e r '  o f  S t r a u s - D u r c k h e i m .  I t  i s  f a i r l y  i n t i m a t e l y  

a t t a c h e d  t o  t h e  u n d e r l y i n g  smooth muscle s p h i n c t e r  and in  

t h e  f e m a le  i t  i s  p r o lo n g e d  v e n t r a l l y  as t h e  s p h i n c t e r  

vag i nae D

The t r u e  i n t e r n a l  o r  smooth muscle s p h i n c t e r ,  i s  

d e s c r i b e d  by most w o rk e rs  as a t h i c k e n i n g  o f  t h e  c i r c u l a r  

muscle o f  t h e  lower  end o f  t h e  rec tum  and is  shown as such 

in  d ia g r a m s *  Such a t h i c k e n i n g  is  not  e a s i l y  seen in  

d i s s e c t i o n s  o f  t h e  r e g i o n ,  bu t  i t s  d i s t i n c t i v e  p r o p e r t i e s  

and t h e  d i f f e r e n c e  in  i t s  b e h a v i o u r  f rom  t h a t  o f  t h e  o t h e r  

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

as a s e p a r a t e  e n t i t y .  I t  c o r r e s p o n d s  t o  t h a t  p a r t  o f  

t h e  smooth muscle  l y i n g  im m e d ia t e ly  s u b ja c e n t  t o  t h e  

e x t e r n a l  s p h i n c t e r .

The p e l v i c  d iaphragm  o r  l e v a t o r  ani  muscle o f  t h e  

human i s  d e r i v e d  f rom  t h e  p u b o - c a u d a I i s  and » I i o - c a u d a I i s  

m uscles  o f  t h e  t a i l e d  v e r t e b r a t e s .  These m usc les ,  in  

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

b u t  t h e y  have an i n d i r e c t  a c t i o n  on t h e  re c tu m ,  t h a t  o f  

l a t e r a l  c o m p re s s io n .  The two muscles  a r e  i n c o m p l e t e l y  

s e p a r a t e d .

The i I i o - c a u d a I i s  ( F i g .  I ) ,  a r i s e s  f rom  t h e  

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

b o r d e r ,  between t h e  i l i a c  o r i g i n  o f  psoas and t h e
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i s c h i o - c a u d a I i s .  I t  runs  backwards  and s l i g h t l y  inwards  

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

rectum  and t e r m i n a t e s  in  f o u r  b road  t e n d i n o u s  s t r a n d s  

which p e n e t r a t e  t h e  l o n g i t u d i n a l  m usc les  on t h e  v e n t r a l  

a s p e c t  o f  t h e  v e r t e b r a l  column and a r e  f i x e d  t o  t h e  

m i d - l i n e  o f  t h e  4 t h ,  5 t h ,  6 th  and 7 th  caudal  v e r t e b r a e #

The p u b o - c a u d a I i s  ( F i g s .  I ,  5 and 6 ) ,  a d i r e c t  

c o n t i n u a t i o n  o f  t h e  f o r m e r ,  a r i s e s  f rom  t h e  whole  le n g th  

o f  t h e  p u b ic  symphysis  and i t s  o r i g i n  o f t e n  e x te n d s  t o  

t h e  a n t e r i o r  p a r t  o f  t h e  is c h iu m .  I t  runs  upwards and 

backwards s u r r o u n d in g  t h e  rec tum  and u r e t h r a ,  t o  be 

i n s e r t e d  t o g e t h e r  w i t h  i t s  o p p o s i t e  number in+o  t h e  

m i d - l i n e  on t h e  v e n t r a l  a s p e c t  o f  t h e  3 r d ,  4 t h  and 5 th  

caudal  v e r t e b r a e .

The i s c h i o - c a u d a I i s  ( F i g s .  I ,  5 and 6 )  i s  a l a r g e  

t h i c k  muscle  which a r i s e s  by t e n d i n o u s  and f l e s h y  f i b r e s  

f rom  t h e  r e g i o n  o f  t h e  i s c h i a l  s p in e  and runs  m e d i a l l y  

backwards and upwards i n c r e a s i n g  in  w i d t h ,  t o  be i n s e r t e d  

i n t o  t h e  whole  l e n g th  o f  t h e  t r a n s v e r s e  and sp inous  

p r o c e s s e s  o f  t h e  f i r s t  f o u r  caudal  v e r t e b r a e .

A number o f  d i s c r e t e  smooth muscle bands a r e  a l s o  

found  in t h i s  r e g i o n .  R e c t o - c a u d a I i s  i s  a p r o m in e n t  

band r u n n in g  f rom  t h e  upper  and l a t e r a l  p a r t s  o f  t h e  

r e c tu m ,  where i t s  f i b r e s  b le n d  w i t h  t h e  f i b r e s  o f  t h e  

pubo—c a u d a I i s • I t  runs  upwards and bac kw a rd s ,  f o r m in g

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

g r a d u a l l y  d e t a c h e s  i t s e l f  in  t h e  sup ero -m ed ian  l i n e .

The two m uscles o f  o p p o s i t e  s i d e s  j o i n  t o  form  a 

c y l i n d r i c a l  co rd  2 t o  3 mm b r o a d ,  which passes backwards
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between t h e  c a u d o - a n a I i s  m usc les  and i s  i n s e r t e d  i n t o  

t h e  v e n t r a l  a s p e c t  o f  t h e  6 t h  and 7 t h  caudal  v e r t e b r a e .

I t s  n e rve  s u p p ly  i s  d e r i v e d  f ro m  t h e  p e l v i c  n e r v e s  and 

in man i t  i s  v e s t i g i a l .  The c a u d o - a n a I i s  m u s c le ,  which  

i s  a l s o  smooth, a r i s e s  f rom  e i t h e r  s i d e  o f  t h e  m i d - l i n e  

on t h e  v e n t r a l  s u r f a c e  o f  t h e  2nd and 3rd  caudal  

v e r t e b r a e ,  where i t s  p o s t e r i o r  p a r t  i s  c o n t in u o u s  w i t h  

t h e  c a u d o -c a v e r n o s u s  o r  c a u d o - v a g i n a I  i s . I t  c o n t i n u e s  

downwards and backwards e n l a r g i n g  as i t  goes and ends  

by j o i n i n g  t h e  e x t e r n a l  anal s p h i n c t e r ,  p a r t  o f  i t  b e in g  

p r o lo n g e d  as t h e  c a u d o - c a v e r n o s u s  o r  t h e  c a u d o - v a g i n a I i s .

I t  i s  covered  l a t e r a l l y  by t h e  i I i o - c a u d a I i s  and t h e  

p u b o - c a u d a l i s .  I t  i s  not  fo u n d  in man and i t  may be 

a b s e n t  in  t h e  c a t  a l s o .

3 .  The M u s c u l a t u r e  o f  t h e  l l r o - g e n i t a l  System

The u r e t h r a  o f  th e  male c a t  i s  made up o f  t h r e e  

d i s t i n c t  p a r t s  which a re  a p p r o x i m a t e l y  equa l  in  le n g th  

( F i g .  2 ) .  The p r o x im a l  u r e t h r a  s t r e t c h e s  f ro m  t h e  

b l a d d e r  neck t o  t h e  l e v e l  o f  t h e  p r o s t a t e  g l a n d .  I t  i s  

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

o f  smooth muscle  and e l a s t i c  t i s s u e .  Between t h e  

p r o s t a t e  g la n d  and t h e  b u I b o - u r e t h r a I  g la n d s  i s  t h e  r e g i o n  

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

which c o n t a i n s  s t r i a t e d  muscle in  i t s  w a l l .  The p e n i l e  

u r e t h r a  - ( t raverses  t h e  corpus  spongiosum and has v i r t u a l l y  

no muscle  a t  a I I in  i t s  w a l l .  The u r e t h r a  in  t h e  fe m a le  

c a t  c o r re s p o n d s  t o  t h e  f i r s t  two p a r t s  o f  t h e  male u r e t h r a .

The e x t e r n a l  u r e t h r a l  s p h i n c t e r  o r  compressor  

u r e t h r a e  muscle in  t h e  human, c o n s i s t s  o f  s t r i a t e d  muscle  

f i b r e s  which s u r ro u n d  t h e  membranous u r e t h r a  between t h e
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upper  and low er  f a s c i a l  l a y e r s  o f  t h e  u r o - g e n i t a l  

d ia p h r a g m .  The n e i g h b o u r in g  s t r i a t e d  muscle  f i b r e s  

w i t h i n  th e  same f a s c i a l  s p a c e ,  s p a n n in g  t h e  p u b ic  : a rch  

and s u r r o u n d in g  t h e  e x t e r n a l  s p h i n c t e r ,  a r e  known as 

t r a n s v e r s u s  p e r i n e i  p r o f u n d u s .  The human e x t e r n a l  

s p h i n c t e r  c a n n o t  t h e r e f o r e  c o r r e s p o n d  t o  t h e  muscle  o f  

t h e  same name in  t h e  c a r n i v o r e ,  which c o n s i s t s  o f  s t r i a t e d  

muscle f i b r e s  l y i n g  in  th e  s u b s ta n c e  o f  t h e  u r e t h a l  w a l l  

( F i 9 -  4 ) .  McCrea ( 1 9 2 6 )  and more r e c e n t l y  B o rs ,  Comarr & 

Re i n g o l d  ( 1 9 5 4 )  have d e s c r i b e d  s t r i a t e d  muscle f i b r e s  in  

t h e  r e g i o n  o f  t h e  human b l a d d e r  neck and t h e s e  may 

r e p r e s e n t  a s t r u c t u r e  an a lo g o u s  t o  t h e  e x t e r n a l  u r e t h r a l  

s p h i n c t e r  as d e s c r i b e d  in  t h e  c a t .  A c c o rd in g  t o  Evans 
( 1 9 3 6 )  t h e r e  i s ,  in  th e  c a t ,  a sm a l l  band o f  s t r i a t e d  

muscle  s u r r o u n d in g  t h e  u r e t h r a  a t  th e  l e v e l  o f  t h e  b u l b o ­

u r e t h r a l  g la n d s  n e a r  th e  base o f  t h e  p e n i s ,  which p r o b a b l y  

r e p r e s e n t s  t h e  s t r u c t u r e  d e s c r i b e d  in  works o f  human 

anatomy as t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r .  From a

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

r e g a r d  a l l  s t r i a t e d  muscle s u r r o u n d in g  th e  u r e t h r a  and 

h a v in g  a s p h i n c t e r i c  a c t i o n  on i t  as b e in g  t h e  e x t e r n a l  

sphi  n c t e r .

The e x t e r n a l  s p h i n c t e r  muscle o f  t h e  u r e t h r a  in  

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

a c t u a l l y  l y i n g  in  t h e  su b s ta n c e  o f  t h e  u r e t h r a l  w a l l  

s u r r o u n d in g  t h e  mucous c o a t .  These f i b r e s  a r e  b a s i c a l l y  

c i r c u l a r  in  t h e i r  a r ra n g e m e n t  b u t  a r e  more o b l i q u e  in  t h e  

o u t e r  l a y e r s ,  where t h e  i n t e r - t w i n i n g  b u n d le s  form a 

c l o s e l y  k n i t  mass which is  v e r y  d i f f i c u l t  t o  t e a s e  ( F i g . 4 ) .  

In  t h e  male c a t ,  in  which t h e  muscle is  most o b v io u s ,  i t  

forms a t h i c k  l a y e r  o f  r e d  f i b r e s  s t r e t c h i n g  f rom  t h e  

r e g i o n  o f  t h e  p r o s t a t e  g la n d  p r o x i m a l l y ,  as f a r  as t h e
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buI b o - u r e t h r a l  ( C o w p e r ' s )  g l a n d s  l y i n g  a t  t h e  base o f  t h e  

c o r p o r a  c a v e r n o s a ,  where t h e  f i b r e s  cease  t o  fo rm  a 

c o m p le te  r i n g  and f i n d  a t ta c h m e n t  i n t o  t h e  r o o t s  o f  t h e  

c o r p o r a  c a v e r n o s a .  In  t h e  fe m a le  c a t  t h e  muscle  is  

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

o f  t h e  u r e t h r a  ( F i g .  3 )  where t h i s  can a l  i s  a d h e r e n t  t o  

t h e  v a g i n a .  As in  t h e  m a le ,  t h e  f i b r e s  form  a c o m p le te  

in v e s t m e n t  f o r  t h e  u r e t h r a  bu t  t h e  most s u p e r f i c i a l  a r e  

p r o lo n g e d  backwards  o n to  t h e  v a g i n a  t o  b le n d  w i t h  t h e  

s u r f a c e  o f  i t s  s p h i n c t e r  muscle  c o a t .

A c c o r d in g  t o  G r i f f i t h s  ( 1 8 9 0 ) ,  t h e  e x t e r n a l  

s p h i n c t e r  muscle  shows v a r i a t i o n s  in  i t s  s t a t e  o f  d e v e l o p ­

ment which p a r a l l e l  t h e  f u n c t i o n a l  s t a t e  o f  t h e  t e s t i c l e s .  

He c l a i m s  t h a t  t h e  i n d i v i d u a l  muscle f i b r e s  a r e  p a l e  and 

shrunken  in  c a s t r a t e d  a n i m a l s .

Most a u t h o r s ,  i n c l u d i n g  S t r a u s - D u r c k h e i m  and 

G r i f f i t h s ,  a r e  a g re e d  t h a t  a n a t o m i c a l l y  t h e r e  i s  no 

d i s c r e t e  i n t e r n a l  o r  smooth muscle  s p h i n c t e r  o f  t h e  

u r e t h r a  in  e i t h e r  s e x .

The f i b r e s  o f  t h e  b u 1b o - c a v e r n o s u s  a r i s e  f ro m  t h e  

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

c a v e r n o s a  and run  o b l i q u e l y  upwards and f o r w a r d s  t o  be

i n s e r t e d  i n t o  t h e  b u lb  o f  t h e  p e n is  by means o f  a median

r a p h e .  T h i s  muscle  does not  e x i s t  in  t h e  f e m a l e .  The

i s c h i o - c a v e r n o s u s  a r i s e s  by ten d o n  f rom t h e  i n t e r n a l  

a s p e c t  o f  t h e  isch ium  below t h e  s p in e  and i s  i n s e r t e d  

i n t o  t h e  base o f  t h e  c o r p o r a  c a v e r n o s a .  The c a u d o -  

c a v e rn o s u s  c o n s i s t s  o f  a f i n e  band a r i s i n g  as tw o  heads  

f rom  t h e  v e n t r a l  s u r f a c e  o f  t h e  f i r s t  and second cau da l  

v e r t e b r a e  and ru n s  downwards and backwards t o  be i n s e r t e d  

i n t o  t h e  c o r p o r a  c a v e r n o s a .  A t  i t s  o r i g i n  i t  b le n d s  w i t h  

t h e  c a u d o - a n a l i s  and below i t  b le n d s  w i t h  th e  r e c t o -  

c a v e r n o s u s .
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4m The Lum b o -sa cra l  S p in a l  Cord and P lexu s

The usua l  a r ra n g e m e n t  in  t h e  c a t  i s  seven f r e e  

lumbar and t h r e e  fu s e d  s a c r a l  v e r t e b r a e .  O cc a s io n a l  

a n im a ls  a r e  fo u n d  w i t h  one more o r  one le s s  lumbar  

v e r t e b r a .  The s p i n a l  r o o t s  c o r r e s p o n d  and a r e  named 

a c c o r d in g  t o  t h e  v e r t e b r a  be low which t h e y  pass o u t  

( F i g .  7 ) -  I have f o l l o w e d  t h e  f o l l o w i n g  p r o c e d u r e  in  

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

removed t h e  s p i n e s  and la m in a e  f rom t h e  e n t i r e  lumbar and 

s a c r a l  p a r t s  o f  t h e  v e r t e b r a l  column and i d e n t i f i e d  LI 

s p i n a l  r o o t  p a s s in g  o u t  b e n e a th  t h e  f i r s t  n o n - r i b - b e a r i n g  

v e r t e b r a .  I t h e n  c o u n te d  down t o  t h e  e i g h t h  p o s t - t h o r a c i c  

s p i n a l  r o o t  and ch ecked  t h a t  i t  passed out  t h r o u g h  t h e  

f i r s t  a n t e r i o r  s a c r a l  fo r a m e n .

T h e re  a r e  a number o f  a n a to m ic a l  v a r i a t i o n s  in  t h e  

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

r o o t s  in  t h e  c a t .  S h e r r i n g t o n  ( 1 8 9 2 )  c l a s s i f i e d  t h e  

d i f f e r e n t  a r ra n g e m e n ts  o f  t h e  p l e x u s  i n t o  p r e - f i x e d  and  

p o s t - f i x e d .  L an g le y  b  Anderson ( 1 8 9 6 )  d e s c r i b e d  a n t e r i o r ,  

median and p o s t e r i o r  forms o f  p l e x u s .  The g r e a t e r  t h e  

number o f  n e rv e  f i b r e s  p a s s in g  o u t  by t h e  more c r a n i a l  

r o o t s ,  t h e  more a n t e r i o r  is  t h e  p l e x u s .  The a n t e r i o r  

fo rm  o f  L a n g le y  b  Anderson c o r r e s p o n d s  b r o a d l y  w i t h  

S h e r r i n g t o n ' s  p r e - f i x e d  t y p e .  I have f o l l o w e d  t h e  

c l a s s i f i c a t i o n  o f  L a n g le y  b  Anderson because t h e r e  i s  

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

i n n e r v a t i o n  o f  t h e  p e l v i c  v i s c e r a  as opposed t o  t h e  l im b  

m u s c u Ia t u r e .

S h e r r i n g t o n  n o ted  t h e  muscles which responded on 

s t i m u l a t i o n  o f  t h e  v a r i o u s  v e n t r a l  r o o t s .  He found  

c l o s u r e  o f  t h e  anus on s t i m u l a t i o n  o f  f i b r e s  in  S I .  m a i n l y .
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TABLE 1.

ROOTS Cf ORIGIN CP BRANCHES OP THE PODENDAL AND M  THE PELVIC NERVES 

(after Langley ft Andersen 18?6j

ORIGIN OP ANTERIOR FORM MEDIAN FORM
T.._

POSTERIOR FORM

Genlto-anal. SI. Chief Origin SI. About 3 A SI. Small strand
S2. Small strand S2. About 1/U S2. Large strand

S3. Large strand

Dorsalis Penis SI. More than half SI. Two small strandB S2. Chief origin
S2. Less than half S2* Chief origin S3* Small strand

Perineal S2. Sole origin S2. Sole origin S2. Large strand
S3. Small strand

Pelvio nerve SI. Small strand SI. Small strand S2. Less than half
S2. Large strand S2. Large strand S3* More than half
S3. Small strand S3. Rather large S3. More than half

strand

............ : ........
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i n  S2. f r e q u e n t  1 y and in  L7. soraet imes.  L a n g le y  & Anderson  

found t h e  c o r r e s p o n d i n g  f i b r e s  in  S I ,  m a i n l y ,  in  S 2 , u s u a l l y  

and in  S3- somet imes b u t  n e v e r  in  L7-  The r e s u l t s  o f  

s t i m u l a t i o n  e x p e r i m e n t s  which I c a r r i e d  ou t  in  t h e  co u rs e  

o f  r e c o r d i n g  f rom  t h e  s a c r a l  d o r s a l  r o o t s  ( P a r t  5 )  ag re e  

c l o s e l y  w i t h  L a n g le y  & Anderson -  c o n t r a c t i o n  o f  t h e  

e x t e r n a l  ana l  s p h i n c t e r  was p roduced  by s t i m u l a t i o n  o f  any  

o f  t h e  s a c r a l  v e n t r a l  r o o t s  p a r t i c u l a r l y  S I ,  and S2^ but  

was n e v e r  seen on s t i m u l a t i n g  e i t h e r  t h e  l a s t  lumbar o r  

t h e  f i r s t  cau d a l  v e n t r a l  r o o t s .  I have in c l u d e d  a t a b l e  

o f  L a n g le y  & A n d e r s o n 's  r e s u l t s  on t h e  r o o t s  o f  o r i g i n  o f  

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

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

im p o r ta n c e  in  r e l a t i o n  t o  my own r e s u l t s .  ( T a b l e  I ) .

I t  is  o n l y  q u i t e  r e c e n t l y  t h a t  any new i n f o r m a t i o n  

has been added t o  t h e  r e s u l t s  o f  t h e s e  e a r l y  w o r k e r s .  

Romanes ( 1 9 5 1 )  l o c a l i s e d  t h e  c e l l  g roups  in  t h e  lumbo­

s a c r a l  s p i n a l  c o r d  o f  t h e  c a t  f rom  which t h e  motor  f i b r e s  

t o  t h e  p l e x u s  a r i s e .  J e f f e r s o n  ( 1 9 5 4 ) ,  r e - e x a m i n e d  t h e  

q u e s t i o n  o f  f i x a t i o n  o f  t h e  lu m b o -s a c r a l  p l e x u s  in  t h e  

c a t  and found t h a t  t h e  o l d e r  c o n c e p t  o f  a n t e r i o r ,  median  

and p o s t e r i o r  forms o f  p l e x u s  was o v e r s i m p l i f i e d .  S h i f t s  

o f  f i x a t i o n  c o u ld  be en masse, b u t  were not  n e c e s s a r i l y  

so ,  s i n c e  sometimes t h e  a p p a r e n t  f i x a t i o n  o f  t h e  p ro x im a l  

and d i s t a l  ends o f  t h e  p l e x u s  were not  t h e  same. He 

c o u n te d  t h e  l a r g e  f i b r e s  ( o v e r  7 ju) in  t h e  lumbar and 

s a c r a l  v e n t r a l  r o o t s  in  a s e r i e s  o f  c a t s  and fo u n d  t h a t  

a l th o u g h  t h e  t o t a l  number o f  f i b r e s  in  any one r o o t  

v a r i e d  w i d e l y ,  t h e  t o t a l  number o f  f i b r e s  in  t h e  r o o t s  

making up t h e  p l e x u s  c o r re s p o n d e d  c l o s e l y  f ro m  c a t  t o  

c a t .



5 .  The P e r i p h e r a l  Nerve S u p p ly  t o  t h e  P e l v i c  V i s c e r a

A. The Pudenda 1 N e r v e . T h i s  n e r v e  is  formed f rom

t h e  f i r s t ,  second and t h i r d  s a c r a l  r o o t s  and passes  ou tw ard  

b eh in d  t h e  p i r i f o r m i s  and in  f r o n t  o f  t h e  i s c h i o - c a u d a I i s  

m usc les ,  under  c o v e r  o f  t h e  a t t a c h m e n t  o f  t h e  b ic e p s  

f e m o r i s  and t h e  g l u t e u s  maximus m uscles  t o  t h e  s u p e r f i c i a l  

s p i n a l  a p o n e u r o s i s  ( F i g s .  5 & 6 ) .  The p e r i n e a l  branch is  

g iv e n  o f f  a t  an e a r l y  s t a g e ,  w h i l e  t h e  main t r u n k  passes  

backwards l a t e r a l  t o  t h e  i I i o - c a u d a I i s ,  l y i n g  in  t h e  

groove  formed betw een p u b o - c a u d a I i s  and o b t u r a t o r  i n t e r n u s .  

At t h e  p o s t e r i o r  b o r d e r  o f  t h e  p u b o - c a u d a l i s  muscle i t  

d i v i d e s  i n t o  t h e  d o r s a l i s  p e n is  ( c l i t o r i s )  and t h e  g e n i t o -  

ana l  n e r v e s .  The b ran c h es  a r e  d i s t r i b u t e d  as f o l l o w s .

( 1 )  Per  i n e a 1 . T h i s  is  t h e  f i n e s t  o f  t h e  b ran c h es  and 

i t  a r i s e s  e x c l u s i v e l y  f rom S 2 .  I t  s u p p l i e s  s e n s o ry  

bran c h es  t o  t h e  p e r in e u m  and passes  t o  t h e  v u l v a  o r  

scro tum  as t h e  rami s c r o t a l e s ,  which a r e  motor  t o  t h e  

d a r t o s  and s e n s o ry  t o  t h e  s k i n .  ( F i g s .  5 & 5 5 ) .

( 2 )  G e n i t p - a n a l . T h i s  forms a common s t r a n d  w i th  t h e  

d o r s a l i s  p e n is  as f a r  as t h e  p o s t e r i o r  b o r d e r  o f  t h e  p u b o -  

cau da l  is  muscle a l th o u g h  o n l y  c o n n e c t i v e  t i s s u e  h o ld s  them  

t o g e t h e r .  I t  runs  p o s t e r i o r l y  f rom  t h e  p o i n t  o f  d i v i s i o n ,  

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

e x t e r n a l  ana l  s p h i n c t e r .  A p p ro ach in g  t h e  s p h i n c t e r  i t  

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

e n t e r  t h e  s p h i n c t e r  and s u p p ly  i t .  O th e r  b ranc hes  run  

down t o  s u p p ly  t h e  s p h i n c t e r  v a g i n a e ,  t h e  r e c t o - c a v e r n o s u s  

and t h e  b u Ib o - c a v e r n o s u s  and may send a few  f i b r e s  t o  t h e  

e x t e r n a l  u r e t h r a l  s p h i n c t e r .
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3 -  D o rs a l  is  P e n i s . T h i s  n e r v e  ru n s  v e n t r a l  I y  t o  s u p p ly  

motor b ra n c h e s  t o  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r .  I t s  

main c o n s t i t u e n t s ,  h o w eve r ,  a r e  s e n s o r y  and vasomotor  

f i b r e s  t o  t h e  u r e t h r a  and t o  t h e  p e n i s  o r  l a b i a .

B. The P e l v i c  N e r v e . The p e l v i c  n e rv e  in  t h e  c a t

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

i t  a l s o  a c t s  as t h e  in g o in g  pa thw ay  f o r  t h e  r e f l e x e s  from  

t h e  b l a d d e r  and r e c t u m .  I t  a r i s e s  f rom  t h e  f i r s t ,  second  

and t h i r d  s a c r a l  r o o t s  and e n t e r s  t h e  p e l v i s  be tw een t h e  

s a c r o - c a u d a l  and i s c h i o - c a u d a I  m u sc les ,  whence i t  runs on 

t o  t h e  s i d e  w a l l  o f  t h e  r e c t u m .  A f t e r  a s h o r t  c o u rs e  i t  

d i v i d e s  i n t o  two b ra n c h e s  which end in  co n sp icu o u s  g a n g l i a .  

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

h y p o g a s t r i c  n e r v e  t o  s u p p ly  t h e  b l a d d e r  and p r o x im a l  

u r e t h r a .  The main o u t f l o w  f rom  t h e  cau da l  g a n g l i o n  i s

t o  t h e  rec tu m  and anus as t h e  s a c r a l  c o j o n i c  n e r v e s .  T h e re  

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

p l e x u s  on t h e  s i d e  w a l l  o f  t h e  re c tu m  and numerous sm al l  

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

C.  The S y m p a th e t ic  Nerve S u p p l y . The s y m p a t h e t i c

n e r v e  s u p p ly  t o  t h e  p e l v i c  v i s c e r a  is  d e r i v e d  as d e s c r ib e d  

b e lo w .  The s p i n a l  rami t o  t h e  i n f e r i o r  m e s e n te r ic  

g a n g l i a  run  f rom  t h e  s y m p a t h e t i c  c h a i n  on each s i d e  and 

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

in  number w i th  i n t e r - c o n n e c t i n g  s t r a n d s ,  fo rm  a r i n g  round  

t h e  i n f e r i o r  m e s e n t e r i c  a r t e r y .  A c l o s e  n e tw o rk  o f  f i b r e s  

a r i s i n g  f rom  th e  g a n g l i a  su r ro u n d s  t h e  i n f e r i o r  m e s e n t e r i c  

a r t e r y  and accompanies i t  t o  t h e  gu t  -  t h e  so c a l l e d  lumbar  

c o l o n i c  n e r v e s .  The tw o  h y p o g a s t r i c  n e rv e s  a r i s e  f rom  t h e  

cau da l  p a i r  o f  g a n g l i a  and run in  t h e  m eso-co lon  in  a 

cau da l  d i r e c t i o n .  Each h y p o g a s t r i c  n e rv e  d i v i d e s  i n t o  a
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v e n t r a l  b ran c h  t o  t h e  b l a d d e r  and a d o r s a l  b ra n c h  which  

j o i n s  t h e  p e l v i c  n e r v e  o f  t h e  same s i d e  t o  form t h e  

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

Branches f ro m  t h i s  p l e x u s  t h e n  s u p p ly  t h e  lower  bowel  

and i n t e r n a l  ana l  s p h i n c t e r .
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B. A QUANTITATIVE HISTOLOGICAL STUDY OF THE PELVIC

AND PUDENDAL NERVES 1N THE CAT

I . Rev iew  o f  t h e  L i t e r a t u r e  on t h e  H i s t o l o g y  o f  t h e  
Tlerve S u p p ly  t o  t h e  f r e l v i e  V i s c e r a

Some i n f o r m a t i o n  is  a l r e a d y  a v a i l a b l e  on t h e  

c o n s t i t u t i o n  o f  t h e  pudendal  and p e l v i c  n e r v e s .  A number 

o f  r e p o r t s  have a p p e a re d  o v e r  t h e  p a s t  f i f t y  y e a r s  bu t  i t  

is  not  easy  t o  c o r r e l a t e  them and th e  r e s u l t i n g  p i c t u r e  

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

In  h i s  e a r l y  a n a to m ic a l  s t u d y ,  G r i f f i t h s  ( 1 8 9 5 a )  

t e a s e d  a p a r t  t h e  f i b r e s  o f  t h e  pudendal  n e rv e  o f  t h e  dog.

He made no a c c u r a t e  measurements o r  c o u n ts  bu t  he 

r e p o r t e d  t h a t  t h e  m a j o r i t y  o f  t h e  f i b r e s  were l a r g e ,  about  

12 ;u in  d i a m e t e r ,  w i t h  a few groups o f  s m a l l e r  f i b r e s  2 t o  

3 >i i n d i  a m e t e r .

A r a t h e r  more d e t a i l e d  account  was g i v e n  by 

H S ggqu is t  ( 1 9 3 8  & 1940)  who, in  t h e  c o u rs e  o f  a s u rve y  o f  

muscle n e rv e s  in  r e l a t i o n  t o  t h e  f u n c t i o n  o f  t h e  m uscles  

which t h e y  s u p p ly ,  chose t h e  e x t e r n a l  ana l  s p h i n c t e r  as an 

exam ple  o f  a muscle  c h i e f l y  c o n cern ed  in  t o n i c  c o n t r a c t i o n .  

He fo u n d  t h a t  t h e  sm al l  n e rv e  t w i g s  s u p p ly in g  t h i s  muscle  

in  t h e  rhesus  monkey and in  some s m a l l e r  mammals t o o ,  had 

a u n i -m o d a l  f i b r e - s i z e  d i s t r i b u t i o n  w i th  t h e  peak in  t h e  

3 t o  4  JJ r a n g e .  The l a r g e s t  f i b r e s  p r e s e n t  were about  9 ;u.

The d o r s a l  is  p e n is  branch o f  t h e  pudendal  n e rv e  

o f  t h e  sheep was examined by K i t c h e l l ,  C a m p b e l l ,  Q u i I  I ia m  & 

Larson ( 1 9 5 5 )  a t  t h e  l e v e l  o f  i t s  t e r m i n a l  t w i g s ,  a t  which  

l e v e l  t h e y  presumed i t  t o  be a lm o s t  e n t i r e l y  s e n s o r y .  The 

f i b r e - s i z e  spe c trum  rese m b led  t h a t  o f  t h e  saphenous n erve
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o f  t h e  sheep ,  a n e r v e  o f  g e n e r a l  c u ta n e o u s  s e n s a t i o n ,  w i t h  

i t s  main p ea k  in  t h e  4  t o  8 ju r a n g e ,  b u t  in  bo th  sexes  

t h e r e  was an a d d i t i o n a l  peak  which l a y  a t  13 >j i n  t h e  

f e m a le  and a t  15 M in  t h e  m a le .  The a u t h o r s  c o n s id e r e d  

t h a t  t h e s e  peaks  were a s s o c i a t e d  w i t h  t h e  p r e s e n c e  o f  

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

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

t h e  p e l v i c  n e r v e s  is  more c o m p le te  b u t  t h e  i n d i v i d u a l  

p a p e rs  do n o t  a g r e e  c l o s e l y  w i t h  one a n o t h e r .  Once a g a in  

t h e  e a r l i e s t  r e p o r t  i s  t h a t  o f  G r i f f i t h s  ( l 8 9 5 a )  who 

showed t h a t ,  in  c o n t r a s t  t o  t h e  pudendal  n e r v e ,  most o f  

t h e  f i b r e s  o f  t h e  p e l v i c  n e rv e  in  t h e  dog were 2 t o  3 JJ 

in  d i a m e t e r  w i t h  a sm a l l  number o f  I a r g e r  f i b r e s  up t o  

7 y* in  d i a m e t e r .

L an g ley  & Anderson ( l 8 9 5 f ) ,  whose p a p e rs  a r e  

o u t s t a n d i n g  in  t h i s  f i e l d ,  a l s o  used a t e a s i n g  method b u t ,  

u n l i k e  G r i f f i t h s ,  t h e y  a c t u a l l y  c a r r i e d  out  f i b r e  c o u n ts  

on t h e  t e a s e d  p r e p a r a t i o n s . They found  t h a t  t h e  p e l v i c  

n e r v e  in  t h e  c a t  n o r m a l l y  c o n t a i n s  some 3500 f i b r e s ,  o f  

which 12 t o  24 a r e  7 p  o r  more in  d i a m e t e r  and s e v e r a l  

hundreds  a r e  4  t o  5 ju in  d i a m e t e r ,  t h e  r e s t  b e in g  s m a l l e r .  

They e x c i s e d  t h e  s a c r a l  d o r s a l  r o o t  g a n g l i a  and a l lo w e d  

t h e  a f f e r e n t  f i b r e s  t o  d e g e n e r a t e .  They c o n c lu d e d  by 

t h i s  means t h a t  abo u t  a t h i r d  o f  t h e  f i b r e s  in  t h e  p e l v i c  

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

T h e re  were a p p a r e n t l y  no f u r t h e r  i n v e s t i g a t i o n s  

o f  t h i s  s o r t  u n t i l  t h e  work o f  G r i f f i n ,  G r i f f i n  & P a t t o n  

( 1 9 5 8 )  and s i n c e  t h i s  work has not  been p u b l i s h e d  in  f u l l  

i t  is  d i f f i c u l t  t o  assess  i t  a d e q u a t e l y .  These w o rk e rs  

examined t h e  p e l v i c  n e rv e  in  t h e  c a t  a f t e r  s e c t i o n i n g  i t  

and s t a i n i n g  i t  w i t h  osmic a c i d .  They found t h a t  a f t e r
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i t  had been 'd e m o t o r e d '  by s e c t i o n  o f  t h e  s a c r a l  v e n t r a l  

r o o t s ,  some 6000  m y e l i n a t e d  f i b r e s  rem ained  which had a 

u n i -m oda l  d i s t i b u t i o n  w i t h  t h e  peak a t  3 t o  4 film

S c h n i t z l e i n ,  Hoffm an,  T u c ker  and Q u i g l e y  ( 1 9 6 1 )  

s t u d i e d  t h e  p e l v i c  n e r v e  o f  t h e  male rhesus monkey u s ing  

s e v e r a l  d i f f e r e n t  t e c h n i q u e s .  They examined t r a n s v e r s e  

s e c t i o n s  o f  t h e  n e r v e  w i t h  l i g h t  m ic roscopy  a f t e r  osmic 

a c id  and s i l v e r  s t a i n i n g  and t h e y  compared a re a s  from  

t h e s e  s e c t i o n s  w i th  s i m i l a r  f i e l d s  v iew ed  under  t h e  

e l e c t r o n  m ic ro s c o p e .  On t h e  b a s i s  o f  t h e s e  o b s e r v a t i o n s  

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

1 0 ,0 0 0  and 3 0 , 0 0 0 ,  w h i l e  more t h a n  h a l f  o f  t h e s e  were le s s  

th a n  I fix in  d i a m e t e r  and t w e n t y  p e r  c e n t  o f  t h e  t o t a l  were 

t o o  f i n e  t o  be r e s o l v e d  u s in g  l i g h t  m ic ro s c o p y .  By means 

o f  d e g e n e r a t i o n  s t u d i e s  which in c lu d e d  s e c t i o n i n g  t h e  

d o r s a l  o r  v e n t r a l  r o o t s  o r  s e c t i o n i n g  t h e  c o m p le te  s p i n a l  

r o o t ,  t h e y  co n c lu d e d  t h a t  about  h a l f  t h e  t o t a l  were p r e ­

g a n g l i o n i c  p a r a s y m p a t h e t ic  in  o r i g i n  and t h a t  more th a n  a 

q u a r t e r  were i n g o i n g .  Almost  a q u a r t e r  o f  t h e  t o t a l  

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

v e n t r a l  r o o t s  in  t h e  s a c r a l  r e g i o n  and t h e s e ,  t h e y  d e c id e d ,  

were p r o b a b ly  s y m p a t h e t i c .  I t  i s  not  c l e a r  f rom t h i s  

pap er  how t h e s e  f i b r e s  r e a c h  t h e  p e l v i c  n e r v e ,  bu t  

p resu m ab ly  t h e y  must j o i n  i t  a f t e r  i t  has e n t e r e d  t h e  

p e l v i  s .

The w ide  d i f f e r e n c e s  in  t h e  f i g u r e s  g iv e n  f o r  t h e  

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

may r e f l e c t  s p e c ie s  d i f f e r e n c e  t o  some e x t e n t  but  t h e y  a r e  

a lm o st  c e r t a i n l y  much more t h e  r e s u l t  o f  d i f f e r e n c e s  in  

t e c h n i q u e .  T h is  q u e s t i o n  is  d e a l t  w i t h  more f u l l y  in  t h e  

d i s c u s s io n  a t  t h e  end o f  t h i s  s e c t i o n .
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The h y p o g a s t r i c  n e r v e  was exam ined b r i e f l y  by 

G r i f f i t h s  ( 1 8 9 5 a )  and in  a more d e t a i l e d  f a s h i o n  by  

L an g le y  & Anderson ( 1 8 9 4 ) -  Both w o rk e rs  fo u n d  i t  t o  

be composed m a i n l y  o f  n o n - m y e l i n a t e d  f i b r e s  w i t h  a 

smal l  number o f  l a r g e r  m y e l i n a t e d  f i b r e s .

2 .  Methods

( a )  General  r e v i e w  o f  t h e  t e c h n i q u e s  used in  f i b r e  a n a l y s i s

S i n c e  i t  has become e s t a b l i s h e d  t h a t  a r e l a t i o n s h i p  

e x i s t s  be tw een  t h e  d i a m e t e r  o f  n e rv e  f i b r e s  and some o f  

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

has become a c c e p t e d  as a u s e f u l  method o f  i n v e s t i g a t i n g  t h e  

p e r i p h e r a l  nervous  sys tem .  S e v e r a l  a t tem pts  have been made 

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

t h e  v a r i o u s  f u n c t i o n a l  e le m e n ts  which t h e y  a r e  known t o  

i n n e r v a t e .  Some a t t e m p t s  have been made t o  c a r r y  ou t  such 

s t u d i e s  on t h e  p e l v i c  and pudendal  n e rv e s  and t h e s e  were  

r e v ie w e d  in  t h e  p r e v i o u s  s e c t i o n .  In t h i s  s e c t i o n  th e  

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

in  t h e  t e c h n i q u e  a r e  a s s e s s e d .

The f i r s t  a t t e m p t s  t o  measure f i b r e  d i a m e t e r s  in  

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

f i b r e s  in  t h e  n e rv e  t r u n k .  I t  is  n o t ,  how ever ,  p o s s i b l e  

t o  g e t  r e l i a b l e  q u a n t i t a t i v e  i n f o r m a t i o n  abo ut  t h e  number 

o f  f i b r e s  o f  d i f f e r e n t  s i z e s  by t h i s  method and t h e  s t a n d a r d  

modern method is  t o  p e r f o r m  th e  measurements and c o u n ts  on 

s e c t i o n s  o f  t h e  n e r v e .  A n a ly s e s  o f  t h e  s o u rc es  o f  e r r o r  

i n v o l v e d  in  t h e  measurements have been made by Rexed ( 1 9 4 4 )  

and by Sanders  ( 1 9 4 7 ) -
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T h r e e  main h i s t o l o g i c a l  t e c h n i q u e s  have been used 

in  t h e  p a s t :  t h e  W e i g e r t  t e c h n i q u e  and i t s  m o d i f i c a t i o n s ,

t h e  A lz h e i m e r - M a n n - H S g g q u is t  ( A . M . H . )  method and t h e  osmic  

a c i d  method.  The f i r s t  o f  t h e s e  is  now r a r e l y  used  

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

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

i n v o l v e d .  The A . M . H .  method is  p r e f e r r e d  by many w orkers  

because i t  is  s im p le  and r e l i a b l e  bu t  i t  s u f f e r s  f rom  th e  

d i s a d v a n t a g e  t h a t  i t  causes  a h ig h  d eg re e  o f  s h r i n k a g e  o f  

t h e  t i s s u e s .  Osmic a c i d ,  on t h e  o t h e r  hand,  t h e  o l d e s t  

method o f  t h e  t h r e e ,  i s  r a t h e r  u n p r e d i c t a b l e  in  t h e  dep th  

o f  s t a i n i n g  p rodu ced  and in  a d d i t i o n  t h e  p e n e t r a t i o n  is 

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

w ith  t h e  sm al l  c a t  n e r v e s .  The main adv a n ta g e  o f  t h e  

osmic a c i d  method is  t h a t  i t  p rodu ces  a minimum o f  

d i s t o r t i o n  and s h r i n k a g e .

I t  was shown by Rexed ( 1 9 4 4 ) ,  t h a t  n e i t h e r  10% 

f o r m a l i n  nor  1% osmic a c i d  p roduced  an a p p r e c i a b l e  

a l t e r a t i o n  in  f i b r e  s i z e  compared w i t h  f r e s h  m a t e r i a l  and 

he found no d i f f e r e n c e  in s i z e  between n e rv e s  f i x e d  in  

s i t u  and n e r v e s  removed f r e s h  and f i x e d  l a t e r .  He a l s o  

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

t h e  same n e rv e  t a k e n  from d i f f e r e n t  a n im a ls  o f  t h e  same 

s p e c i e s ,  p r o v i d e d  t h e  a n im a ls  chosen were w i t h i n  a 

r e a s o n a b l e  range  o f  s i z e .  Fernand & Young ( 1 9 5 1 ) ,  on 

t h e  o t h e r  hand,  found  d i f f e r e n c e s  o f  t h i r t y  p e r  c e n t  in  

t h e  number o f  f i b r e s  p r e s e n t  in  t h e  c o r r e s p o n d in g  muscle  

n e rv e  in  d i f f e r e n t  r a b b i t s  as w e l l  as d i f f e r e n c e s  in  t h e  

o v e r - a l l  f i b r e  d i a m e t e r .

Measurement  o f  e n l a r g e d  p h o to g ra p h s  is  now 

g e n e r a l l y  p r e f e r r e d  t o  measurement  d i r e c t l y  f rom  t h e



23

m ic ro s c o p e  s l i d e  because  o f  t h e  d an ger  o f  c o u n t i n g  t h e  

same f i b r e  t w i c e  u s in g  t h e  l a t t e r  method.  V a r io u s  

m easur ing  d e v i c e s  a r e  a v a i l a b l e  b u t  t h e  use o f  a s e r i e s  

o f  c i r c l e s  o f  known s i z e  i n s c r i b e d  on a t r a n s p a r e n t  

t e m p l a t e  as used in  t h i s  i n v e s t i g a t i o n  i s  p r o b a b l y  one 

o f  t h e  most a c c u r a t e  and c e r t a i n l y  one o f  t h e  s i m p l e s t  

methods a v a i l a b l e .

( b )  Method used f o r  t h e  e x c i s i o n  o f  t h e  s a c r a l  d o r s a l  
r o o t  g a n g l i a  in  c h r o n i c  s u r v i v a l  e x p e r im e n t s

The a n im a ls  were l a r g e  a d u l t  c a t s  o f  bo th  sexes  

which were f r e e  f rom  d i s e a s e  or  o t h e r  a b n o r m a l i t y .  They  

were p r e - m e d i c a t e d  w i t h  1 /2 0 0  g r a i n  o f  a t r o p i n e  i n j e c t e d  

subcutaneous  I y  i n t o  t h e  back o f  t h e  neck and h a l f  an hour  

l a t e r  were a n a e s t h e t i s e d  w i t h  i n t r a - p e r i t o n e a I  Nem buta l ,  

as d e s c r i b e d  in  s e c t i o n  2 ,  b u t  in  t h i s  case  t h e  t r a c h e a  

was not  c a n n u l a t e d .  A w ide  a r e a  o f  s k i n  over  th e  lower  

lumbar and s a c r a l  v e r t e b r a e  was c l i p p e d  and shaved and 

was swabbed w i t h  d i l u t e  O e t t o l  s o l u t i o n .  I t  was no t  

found n e c e s s a ry  t o  wear g lo v e s  o r  mask f o r  t h e  subsequent  

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

t a k e n .

A m i d - l i n e  d o r s a l  i n c i s i o n  was made f rom t h e  

s p in o u s  p ro c e s s  o f  L 5« to  t h e  base o f  t h e  t a i l  go ing  

th r o u g h  s k i n  and s u p e r f i c i a l  s p i n a l  a p o n e u r o s is  and 

s t e r i l e  t o w e l s  were c l i p p e d  t o  t h e  edges o f  t h e  wound.

The d o r s a l  v e r t e b r a l  m uscles were removed on one s i d e  

( t h e  l e f t )  ove r  L6„ L7. and t h e  sacrum .  The lam inae  o f  

t h e  l e f t  s i d e  were t h e n  removed f rom  L6»and L7» l e a v i n g  

t h e  sp inous  p r o c e s s e s  i n t a c t  b u t  g o in g  as f a r  l a t e r a l l y  

as t h e  a r t i c u l a r  p r o c e s s e s .  The e n t i r e  dorsum o f  t h e  

sacrum was n e x t  removed i n c l u d i n g  t h e  s a c r a l  sp in o u s
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p r o c e s s e s  b u t  no t  e x t e n d i n g  as f a r  l a t e r a l l y  as t h e  

a r t i c u l a r  p r o c e s s e s .  B l e e d in g  was o f t e n  p r o f u s e  and 

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

means o f  c o n t r o l  was found t o  be t h e  f i r m  a p p l i c a t i o n  o f  

swabs soaked in  warm s a l i n e .  The e x t r a - d u r a l  f a t  was t h e n  

c a r e f u l l y  p i c k e d  o u t  f rom  between t h e  r o o t s  and t h e  c o r d  

r e t r a c t e d  t o  t h e  o p p o s i t e  s i d e .  The s a c r a l  r o o t s  were  

t h e n  i d e n t i f i e d  by t h e i r  s i z e  and by t h e i r  p o s i t i o n  

r e l a t i v e  t o  t h e  i d e n t i f i a b l e  bony landmarks  ( F i g .  15 and 

F i g .  5 5 ) .

One o f  t h e  s a c r a l  r o o t s  was t h e n  p i c k e d  up by i t s  

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

f o r c e p s  and t h e  d u r a l  s h e a th  was s l i t  down t h e  l a t e r a l  

s u r f a c e  w i t h  f i n e  d u r a l  s c i s s o r s .  When t h e  c u t  edges o f  

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

s p l i t  c o u ld  be seen on t h e  l a t e r a l  s u r f a c e  o f  t h e  r o o t  

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

and v e n t r a l  com ponents .  T h is  s p l i t  was e n l a r g e d  

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

was c u t  a c ro s s  w i t h  s c i s s o r s ,  w e l l  p r o x im a l  t o  t h e  g a n g l i o n .  

The c u t  end was t h e n  p i c k e d  up in  f o r c e p s  and u s in g  a p a i r  

o f  f i n e  s c i s s o r s  t h e  two r o o t s  were s e p a r a t e d  d i s t a l l y  t o  

a p o i n t  w e l l  beyond t h e  d i s t a l  t i p  o f  t h e  g a n g l i o n .  A 

b i n o c u l a r  d i s s e c t i n g  m icroscope  was used d u r i n g  t h e  

s e p a r a t i o n  o f  t h e  d o r s a l  and v e n t r a l  r o o t s .  The g a n g l i o n  

and a s s o c i a t e d  p a r t s  o f  t h e  d o r s a l  r o o t  were t h e n  removed.

When t h e  t h r e e  s a c r a l  d o r s a l  r o o t s  on t h e  l e f t  

s i d e  had been d e a l t  w i t h  in  t h i s  way, t h e  wound c a v i t y  was 

d u s te d  w i t h  B a c i t r a c i n  pow der .  The s u p e r f i c i a l  s p i n a l  

a p o n e u r o s is  was th e n  a p p ro x im a te d  t o  th e  i n t e r s p i n o u s  

l ig a m e n t  and was s t i c h e d  t o  i t .  The s k i n  wound was c l o s e d
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and an a d h e s iv e  d r e s s i n g  a p p l i e d .  I ml o f  a P e n i c i l l i n  

su s p e n s io n  ( 1 0 0 , 0 0 0  u n i t s )  was g i v e n  i n t r a - m u s c u I a r I y  and 

50 ml o f  5% g lu c o s e  s a l i n e  was i n j e c t e d  i n t o  t h e  l a x  

subcutaneous  t i s s u e  o v e r  t h e  back o f  t h e  n ec k .  The animal  

g r a d u a l l y  r e g a i n e d  c o n s c io u s n e s s  o v e r  t h e  f o l l o w i n g  12 t o  

24 h o u r s .

In a l l ,  some e i g h t  c a t s  were d e a l t  w i t h  in  t h i s  

way, f o u r  male  and f o u r  f e m a l e .  Two d i e d  e a r l y ;  one 

d u r i n g  t h e  o p e r a t i o n  and t h e  o t h e r  two days a f t e r  i t .  Of  

t h e  o t h e r  s i x ,  none showed any perm anent  d i s a b i l i t y  and 

a l l  rem a in ed  h e a l t h y  u n t i l  t h e y  were k i l l e d  t e n  o r  t w e l v e  

weeks a f t e r  t h e  o p e r a t i o n .

E c c le s  & S h e r r i n g t o n  ( 1 9 3 0 )  who were t h e  f i r s t  t o  

use t h i s  t e c h n i q u e ,  examined t h e  g a n g l i a  removed a t  

o p e r a t i o n  h i s t o l o g i c a l l y  as a c o n t r o l  o f  t h e  c o m p le te n e s s  

o f  r e m o v a l .  T h e i r  c r i t e r i o n  o f  c o m p le te  removal o f  t h e  

g a n g l i o n  was t h e  absence o f  g a n g l i o n  c e l l s  f rom  t h e  d i s t a l  

t i p  o f  t h e  p i e c e  o f  t i s s u e  which t h e y  had rem oved.  T h is  

p r o c e d u r e ,  how ever ,  would  no t  d e t e c t  damage t o  t h e  v e n t r a l  

r o o t  and such damage would be j u s t  as s e r i o u s  in  t h e  

p r e s e n t  i n v e s t i g a t i o n  as would in c o m p le te  removal o f  t h e  

d o r s a l  r o o t .

For t h i s  r e a s o n  I chose a d i f f e r e n t  c o n t r o l  

p r o c e d u r e .  V/hen t h e  an imal  was e v e n t u a l l y  k i l l e d  t h e  

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

r e l a t i o n  t o  t h e  bony v e r t e b r a l  column as a l r e a d y  d e s c r i b e d  

and t h e  s a c r a l  r o o t s  on t h e  o p e r a t e d  ( l e f t )  s i d e  were  

removed c o m p le te  and were s u b j e c t e d  t o  t h e  same f i x a t i o n  

and s t a i n i n g  p r o c e d u r e s  as t h e  p e r i p h e r a l  n e r v e s .  The 

d o r s a l  and v e n t r a l  r o o t s ,  d i s t a l  t o  t h e  p o i n t  f rom which  

t h e  g a n g l i o n  had been removed, were th e n  examined  

h i s t o l o g i c a l l y ;  t h e  v e n t r a l  r o o t  f o r  e v id e n c e  o f
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d e g e n e r a t i n g  f i b r e s  and t h e  d o r s a l  r o o t  f o r  e v id e n c e  o f  

i n c o m p le t e  d e g e n e r a t i o n  ( F i g .  1 9 ) .  In  some c a s e s  a 

number o f  m y e l i n a t e d  f i b r e s  o f  sm a l l  d i a m e t e r  ( l  t o  2 jj)  

were seen in  t h e  d o r s a l  r o o t  and t h e s e  were p r o b a b l y  

r e g e n e r a t i n g  s p r o u t s .  Such f i b r e s  c o u ld  be seen in  

e v e r y  c as e  i f  t h e  o i I - immers ion o b j e c t i v e  was use d .

( c )  Method used f o r  t h e  p r e p a r a t i o n  o f  s e c t i o n s  o f  n e rv e  
t r u n k s  and t h e  c o n s t r u c t i o n  o f  f i b r e - s i z e  h is to g r a m s

The e a r l i e r  a n im a ls  used in  t h i s  s tu d y  were f i x e d  

by p e r f u s i o n  w i t h  f o r m a l i n  im m e d ia t e ly  a f t e r  d ea th  and 

b e f o r e  t h e  p i e c e s  o f  n e rv e  were removed f o r  h i s t o l o g y .

T h i s  p r o c e d u r e  had t h e  d i s a d v a n t a g e  t h a t  i t  h ardened  t h e  

t i s s u e s  and made t h e  d i s s e c t i o n  o f  the  s m a l l e r  n e rve  t w i g s  

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

in  p a r t i c u l a r  t h e r e  was a danger  o f  m is s in g  some o f  t h e  

branches  a l t o g e t h e r .  I t h e r e f o r e  d e c id e d  t h a t  t h e  

p o s s i b i l i t y  o f  damaging t h e  u n f i x e d  n e rv e  d u r i n g  d i s s e c t i o n  

was le s s  s e r i o u s  th a n  t h e  r i s k  o f  m is s in g  p a r t  o f  t h e  n e r v e .  

F o r m a l in  p e r f u s i o n  was t h e r e f o r e  abandoned and t h e  

f o l l o w i n g  scheme was f o l l o w e d .

The c a t  was a n a e s t h e t i s e d  w i t h  i n t r a - p e r i t o n e a l  

Nembutal and k i l l e d  by b l e e d i n g .  The n e rv e s  were d i s s e c t e d  

o u t  as soon as p o s s i b l e  a f t e r  dea th  in  t h e  f r e s h  animal  and 

t h e  d e s i r e d  p i e c e s  ( a b o u t  1 . 5  cm in  l e n g t h )  were t i e d  a t  

each end w i t h  f i n e  n y lo n  t h r e a d  and s t r e t c h e d  l i g h t l y  on 

sm al I  p i e c e s  o f  c a r d b o a r d .

The s t e p s  f rom h e re  t o  t h e  s ta g e  o f  s e c t i o n i n g  and 

m ount ing were c a r r i e d  out  by t h e  t e c h n i c a l  s t a f f  o f  t h e  

P h y s io lo g y  D e p a r tm e n t .  Because t h e  d e t a i l s  o f  p r e p a r a t i o n  

a r e  i m p o r t a n t  in  d e t e r m i n i n g  t h e  d eg re e  o f  s h r i n k a g e  

produced and because o f  t h e  im p o r ta n c e  o f  a s s e s s in g  t h i s
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s h r i n k a g e  in  com pa r ing  t h e  p r e s e n t  r e s u l t s  w i t h  t h o s e  o f  

o t h e r  w o r k e r s ,  th e  s t e p s  i n v o l v e d  a r e  i n d i c a t e d  in  d e t a i l .  

I .  12% n e u t r a l  f o r m a l i n  . . . . . . . . . . . . . . . .  o v e r n i g h t

2 . 1% osm i c ac i d . . . . .

3 . D i s t  i 11ed w a t e r  . . ,

4 . 10%, 20%, 30%, 40% a lc h o h o l  
( d e h y d r a t  i on ) . . . .  8 hours

5 . 50% a lc h o h o l  . . . . . .

6 . 60%, 70%, 80%, 90% a lc h o h o l

7 . A b s o l u t e  a lc h o h o l  .

8 . Ch1o r o fo r m  . . . . . . . .

9 . X y l o l  ...............................

10. Embed in wax.

S e c t i o n s  5 u t h i c k  were th e n  c u t  f rom t h e  b l o c k s  

and mounted on s l i d e s .  They were examined und er  t h e  

m ic ro s c o p e  t o  f i n d  a s u i t a b l e  specimen f rom  each b l o c k ,  

p a y in g  p a r t i c u l a r  a t t e n t i o n  t o  evenness o f  s t a i n i n g ,  

absence o f  t e a r s  and f o l d s  and c l e a r  s e p a r a t i o n  o f  t h e  

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

graphed  a t  an i n i t i a l  m a g n i f i c a t i o n  o f  x250  on q u a r t e r  

p l a t e s ,  s e v e r a l  q u a r t e r  p l a t e s  b e in g  r e q u i r e d  t o  c o v e r  

each n e r v e .  The p l a t e s  were p r i n t e d  w i t h  a f u r t h e r  x4  

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

was xIOOO.

The o r i g i n a l  s e c t i o n  f ro m  which each p r i n t  had 

been made was p u t  under  t h e  h ig h  power o b j e c t i v e  o f  t h e  

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

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

were r e - e x a m i n e d  on t h e  o r i g i n a l  s l i d e  and by fo c u s s in g  up 

and down i t  was u s u a l l y  p o s s i b l e  t o  d e c id e  w h e th e r  any  

p a r t i c u l a r  s t r u c t u r e  was a n e r v e  f i b r e  or  n o t .
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F i b r e  d i a m e t e r  was measured on t h e  p r i n t s  u s in g  a 

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

o f  a p i e c e  o f  t r a n s p a r e n t  c e l l u l o i d  ( X - r a y  f i l m  f rom  which  

t h e  e m u ls io n  had been removed)  on which were i n s c r i b e d  a 

s e r i e s  o f  c i r c l e s  r a n g i n g  in  d i a m e t e r  f rom  I t o  20 mm. The 

guage was p l a c e d  o v e r  t h e  f i b r e  t o  be measured and t h e  r i n g  

which gave t h e  b e s t  f i t  t o  th e  o u t s i d e  d i a m e t e r  o f  t h e  

m y e l i n  s h e a th  was s e l e c t e d .  The f i b r e s  were e n t e r e d  i n t o  

columns on p a p e r  and marked o f f  on t h e  p r i n t s  a t  th e  same 

t i m e .  W ith  p r a c t i c e ,  c o n s i d e r a b l e  speed and a c c u ra c y  was 

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

f i b r e s  which d i d  not  app ear  c i r c u I a r  in  t h e  p r i n t s .  In  

o r d e r  t o  keep t h e  s u b j e c t i v e  e r r o r  t o  a minimum and c o n s ta n t  

l e v e l ,  a l l  t h e  c o u n t i n g  was done by m y s e l f .  The t o t a l  

numbers o f  f i b r e s  o f  d i f f e r e n t  s i z e s  c o u n te d  were t h e n  

c a l c u l a t e d ,  t h e  number o f  f i b r e s  o f  each s i z e  was c o n v e r te d  

t o  a p e r c e n t a g e  and t h e  r e s u l t  e x p re s s e d  in  t h e  fo rm  o f  a 

h i s t o g r a m .

4 .  R e s u I t s

S i x  c a t s  s u r v i v e d  t h e  o p e r a t i o n  and were s u b s e q u e n t ly  

examined h i s t o l o g i c a l l y .  The r e s u l t s  f rom two o f  t h e s e  

were r e j e c t e d  because t h e  n e rv e  specimens were o v e r ­

im p re gnated  and t h e  d e t a i l  o f  t h e  f i n e r  m y e l i n a t e d  n e rv e  

f i b r e s  was o b s c u r e d .  In a d d i t i o n ,  in  one o f  t h e s e  c a t s ,  

some o f  t h e  f i n e  b ranches  o f  t h e  p e l v i c  ne rve  were missed  

when t h e  n e r v e  was b e in g  d i s s e c t e d  p o s t - m o r te m .  A t h i r d  

c a t  was r e j e c t e d  because t h e  c o n t r o l  s e c t i o n s  i n d i c a t e d  

t h a t  t h e  removal o f  t h e  d o r s a l  r o o t  g a n g l i a  had been  

in c o m p l e t e .  The r e m a i n in g  t h r e e  c a t s ,  two male  and one 

f e m a l e ,  were found t o  be a c c e p t a b l e  and c o m p le te  c o u n ts  

were c a r r i e d  out  on t h e  p e l v i c  n e rv e  and t h e  two main
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TABLE 2,

NUMBER CP NERVE FIBRES CP DIFFERENT DIAMETERS IN BRANCHES (f 

THE PUDENDAL NERVE AND IN THE PELVIC NERVE

FIBRE
DIAMETER H 1.

ip -  -1

! 2.
; 3- 4. 5.

1

6. 7. 8. 9. 10. 11* 12. 13* 14. 15.

NERVE 1

GENITO-ANAL
(NORMAL) « *

:
20 85 8? 77 97 164 162 149 160 103 52 15 6 5

GENITO-ANAL
(de«afferented) - 2 4 15 17 36 64 106 130 142 106 71 a 11 4

DORSALIS PENIS 
(NORMAL) 57 211* 532 497 176 96 133 112 lo4 52 39 27 - - m

DORSALIS PENIS 
(DÊ AFFERENTED) 53 105 226 205 87 43 35 23 28 35 10 11 m -

PELVIC
(NORMAL) 353 817 3050 72? 290 72 34 15 10 12 10 7 5 3 #»

PELVIC
(DE-AFFERENTED) 52 237 518 301 j 95 24 6

j

s J

-
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b ra n c h e s  o f  t h e  pudendal  n e r v e .  The r e s u l t s  were  

s i m i l a r  in  a l l  t h r e e  a n i m a l s .  The r e s u l t s  o f  one o f  

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

in  t h e  fo rm  o f  T a b l e  2 and F i g s .  12, 13, 14 and 15.

3 .  Pi  s c u s s io n

T h i s  i n v e s t i g a t i o n  o f  t h e  pudendal  and p e l v i c  

ne rv e s  was u n d e r ta k e n  t o  p r o v i d e  i n f o r m a t i o n  a b o u t  t h e  

morphology o f  t h e  n e rv e  t r u n k s  which  form  t h e  pathw ays  

o f  t h e  d e f a e c a t i o n  and m i c t u r i t i o n  r e f l e x e s .  I t  was 

in te n d e d  t o  be a sup p lem ent  t o  t h e  r e s u l t s  o f  t h e  

e x p e r im e n t a l  s e c t i o n s  o f  t h i s  t h e s i s  ( S e c t i o n s  3 ,  4  and 

5 )  r a t h e r  t h a n  a g e n e r a l  s tu d y  o f  t h e  c o n s t i t u t i o n  o f  

motor  and s e n s o ry  n e r v e s ,  a l th o u g h  some i n f o r m a t i o n  o f  a 

g e n e r a l  n a t u r e  does em erge .  I have t h e r e f o r e  c o n c e n t r a t e d  

on t h e  I a r g e r  m y e l i n a t e d  f i b r e s  ( 2  ju and o v e r )  which can be 

seen w i t h  t h e  o r d i n a r y  m ic ro scope  under  h ig h  power and have  

not used th e  o i I - immersion o b j e c t i v e  or  t h e  e l e c t r o n  

m icroscope  as o t h e r s  have done nor used h i s t o l o g i c a l  

t e c h n i q u e s  d e s ig n e d  t o  d e m o n s t r a te  u n m y e l i n a t e d  f i b r e s .  

A l th o u g h  my r e s u l t s  do i n c l u d e  f i b r e s  o f  I and 2 } \ , t h e r e  

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

c o u n ts  o f  f i b r e s  o f  t h i s  s i z e  do not a p p ro x im a te  t o  t h e  

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

c as e  o f  t h e  p e l v i c  n e rv e  and i t  is  d is c u s s e d  f u r t h e r  in  

t h a t  c o n n e c t i o n .

The r e s u l t s  p r e s e n t e d  ( T a b l e  2 and F i g s .  12, 13 

and 14 )  c o n f i r m  t h a t  th e  pudendal n e r v e  is  a mixed som at ic  

n e r v e .  Gross d i s s e c t i o n  shows t h a t  th e  g e n i t o - a n a l  

branch  is  p r i n c i p a l l y  t h e  motor  ne rve  t o  t h e  e x t e r n a l  ana l  

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

cav ernosus  and b u I b o - c a v e r n o s u s  m u s c le s .  I t  t h e r e f o r e
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c o r r e s p o n d s  q u i t e  c l o s e l y  t o  t h e  i n f e r i o r  haemorfth®Ida I 

n e r v e  o f  human ana tom y.  H i s t o l o g i c a l  e x a m in a t i o n  shows 

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

and t h e s e  a r e  c h i e f l y  o f  sm a l l  d i a m e t e r  ( F i g .  1 2 ) .

H S g g q u is t  ( 19 4 0 )  d e s c r i b e d  two f i b r e  systems in  

motor  n e r v e s :  a system o f  " c o a r s e "  f i b r e s  a s s o c i a t e d

w i t h  e n d in g s  o f  t h e  "en p l a q u e "  t y p e  on " w h i t e "  muscle  

f i b r e s ,  which was c h i e f l y  con cerned  w i t h  p h a s ic  movements  

and a n o th e r  system o f  " f i n e "  n e rv e  f i b r e s  a s s o c i a t e d  w i t h  

"en g r a p p e "  e n d in g s  on " r e d "  muscle  f i b r e s ,  which was 

c h i e f l y  con cerned  in  t o n i c  c o n t r a c t i o n .  He found  t h a t  

t h e  n e rv e s  a i p p I y i n g  t h e  s p h i n c t e r  an i  e x t e r n u s  muscle in  

t h e  monkey rese m b led  th o s e  s u p p l y i n g  t h e  f a c i a l  muscles  

in h a v in g  a u n i -m o d a l  f i b r e - s i z e  d i s t r i b u t i o n  w i th  a peak  

a t  4  u and no v e r y  l a r g e  o r  v e r y  sm a l l  f i b r e s .  These  

n e r v e s  were made up e x c l u s i v e l y  o f  f i b r e s  o f  t h e  f i n e  

t o n i c  s y s te m .

Fernand & Young ( 1 9 5 1 )  examined t h e  f i b r e - s i z e  

d i s t r i b u t i o n  o f  a w ide range  o f  motor  n e r v e s  t o  l im b  and 

t r u n k  muscles and found t h a t  t h e y  c o u ld  be c l a s s i f i e d  

i n t o  two g ro u p s :  ( l )  t h e  b i -m o d a l  g roup ,  which i n c lu d e d

t h e  l im b  and e x t r a — o c u l a r  m u sc les ,  in  which t h e  spec trum  

c o n t a i n e d  l a r g e  f i b r e s  (up t o  24 p )  and showed two  

d i s t i n c t  peaks and ( 2 )  t h e  u n i -m o d a l  group t h e  spec trum  

o f  which c o n t a i n e d  no l a r g e  f i b r e s  (none ove r  14 p )  and 

which had a s i n g l e  peak between 8 and 12 p .  They found  

t h a t  t h e  i n f r a - h y o i d  m usc les ,  th e  d iaphragm  and t h e  f a c i a l  

m uscles be lo n g e d  t o  t h i s  g ro u p .  They c o n s id e r e d  t h a t  

muscles o f  t h e  u n i -m o d a l  group had c e r t a i n  c h a r a c t e r i s t i c s  

in  common, t h e y  e x e r t e d  l i t t l e  t e n s i o n  and d i d  not  a s s i s t  

in  m a i n t a i n i n g  p o s t u r e  a g a i n s t  g r a v i t y  b u t  t h e y  s h o r t e n e d
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c o n s i d e r a b l y  d u r i n g  c o n t r a c t i o n .  These m usc les  were  

t h e r e f o r e  i s o t o n i c  r a t h e r  t h a n  i s o m e t r i c  in  t h e i r  a c t i o n .  

Fernand & Young a l s o  c o n s i d e r e d  t h a t  such m uscles  had 

l i t t l e  o r  no p r o p r i o c e p t i v e  s u p p ly  and c o n t a i n e d  few o r  

no muscle  s p i n d l e s .  The absence o f  a n n u I o - s p i r a l  e n d in g s  

and f  - e f f e r e n t s  th u s  e x p l a i n e d  th e  absence o f  l a r g e  

f i b r e s  and sm al l  f i b r e s  r e s p e c t i v e l y ,  f rom t h e  s p e c t ru m ,  

a l l  th e  m y e l i n a t e d  f i b r e s  b e in g  o f  a s i n g l e  t y p e  -  so m at ic  

e x t r a - f u s a l . They c o n c lu d e d  t h a t  such f i b r e s  were  

s m a l l e r  t h a n  t h o s e  t o  l im b  m uscles  because o f  t h e  s m a l l e r  

amount o f  a f f e r e n t  i n f o r m a t i o n  r e a c h in g  t h e  a n t e r i o r  horn  

c e l  I .

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

d e - a f f e r e n t e d  motor  n e r v e  t o  a l im b muscle shows two peaks  

( E c c l e s  & S h e r r i n g t o n  1 9 3 0 ) .  The I a r g e r  peak is  in  t h e  

o( r a n g e  ( a b o u t  12 /u )  and c o r r e s p o n d s  t o  t h e  motor  

i n n e r v a t i o n  o f  t h e  e x t r a - f u s a l  muscle f i b r e s ,  t h e  s m a l l e r  

peak is  in  t h e  % range  ( a b o u t  6 jj) and is  due t o  t h e  motor  

i n n e r v a t i o n  o f  t h e  i n t r a - f u s a l  muscle f i b r e s  o f  t h e  muscle  

spi  n d l e s .

The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  show t h a t  t h e  

c a t  g e n i t o - a n a l  n e r v e ,  p a r t i c u l a r l y  when i t  has been 

d e - a f f e r e n t e d ,  has a f i b r e - s i z e  spectrum  w i t h  a un i -m oda l  

d i s t r i b u t i o n  which has i t s  peak in  t h e  8 t o  10 p  range  and 

has few f i b r e s  l a r g e r  th a n  12 y  or  s m a l l e r  t h a n  5 p - T h i s  

a g r e e s  w i t h  H S g g q u is t ' s  f i n d i n g s  in  t h e  monkey a l th o u g h  

t h e  a c t u a l  v a l u e  found  f o r  t h e  peak d i a m e t e r  d i f f e r s  

c o n s i d e r a b l y  in  t h e  two i n v e s t i g a t i o n s .  T h is  d i f f e r e n c e  

i s  no t  n e c e s s a r i l y  a s i g n i f i c a n t  one and is  p r o b a b ly  due t o  

a c o m b in a t io n  o f  s p e c ie s  d i f f e r e n c e  and d i f f e r e n c e  in  

h i s t o l o g i c a l  t e c h n i q u e .  HSggqu ist  used h i s  own A .M .H .  method
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which is  known t o  cause  a g r e a t e r  deg re e  o f  s h r i n k a g e  

th a n  t h e  osmic  a c i d  method.

The p r e s e n t  r e s u l t s  show t h a t  t h e  g e n i t o - a n a l  n e rv e  

a l s o  f i t s  c l e a r l y  i n t o  Fernand & Young 's  group o f  u n i -  

modal muscle n e r v e s ,  bu t  on t h e  o t h e r  hand t h e  e x t e r n a l  

anal  s p h i n c t e r  does not  show a l l  t h e  o t h e r  a t t r i b u t e s  o f  

t h i s  g r o u p .  I t  does in f a c t  c o n t r a c t  i s o t o n i c a l l y  

r a t h e r  th a n  i s o m e t r i c a I  I y  b u t  i t  is  not  f r e e  f rom  p r o p r i o ­

c e p t i v e  i n n e r v a t i o n .  I t  can be shown h i s t o l o g i c a l l y  t o  

c o n t a i n  s p i n d l e s  ( S e c t i o n  6 )  and can be d e m o n s t r a te d  

e x p e r i m e n t a l l y  t o  have a p r o p r i o c e p t i v e  d i s c h a r g e  ( S e c t i o n  

5 ) .  N e i t h e r  t h e  s p i n d l e s  nor  t h e  d i s c h a r g e  d i f f e r  

d e m o n s t r a b ly  f rom t h o s e  a s s o c i a t e d  w i t h  l im b  m u s c le s .  The 

t r u e  s i g n i f i c a n c e  o f  t h e  uni modal d i s t r i b u t i o n  is  t h e r e f o r e  

s t i l l  not  c l e a r  a l t h o u g h  i t  seems l i k e l y  t h a t  t h e  n e rv e  

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

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

c o r r e s p o n d i n g  n e rv e  f i b r e s  in  l im b  muscle n e r v e s .  The 

muscle f i b r e s  o f  t h e  s p h i n c t e r  th e m s e lv e s  a r e  s m a l l e r  ( 5 0  p )  

as compared w i t h  t h e  b i c e p s  f e m o r i s  ( 7 5  p )  ( G a r r y  1 9 3 4 b ) .

The d o r s a l i s  p e n is  n e rv e  in t h e  c a t  seems on naked eye  

d i s s e c t i o n  t o  be c h i e f l y  s e n s o r y ,  s u p p ly in g  t h e  c o v e r in g s  

o f  t h e  p e n i s ,  t h e  g l a n s  and t h e  a n t e r i o r  u r e t h r a .  In t h e  

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

v u l v a  and t h e  u r e t h r a .  In  bo th  sexes i t  a l s o  sends some 

motor  f i b r e s  t o  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  and in  t h e  

male t o  t h e  p u b o - c a v e r n o s u s . In a d d i t i o n  i t  c o n t a i n s  a 

v a s o c o n s t r i c t o r  o u t f l o w  t o  t h e  p e n is  and i t  i s  j o i n e d  in  

t h e  d i s t a l  p a r t  o f  i t s  c o u rs e  by s p e c i f i c  v a s o d i l a t o r  

f i b r e s  which have passed out  in  t h e  p e l v i c  n e r v e s  ( n e r v i  

e r i g e n t e s )  and which a r e  r e s p o n s i b l e  f o r  t h e  e r e c t i o n  o f
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t h e  p e n i s .  K i t c h e l ,  C a m p b e l l ,  Q u i l l i a m  & Larson ( 1 9 5 5 )  

examined sm a l l  t w i g s  o f  t h i s  n e r v e  in  t h e  sheep ,  t a k e n  as 

f a r  d i s t a l  I y  as p o s s i b l e  a t  a l e v e l  where t h e  n e r v e  was 

t h o u g h t  t o  be p u r e l y  s e n s o r y .  In  t h e  ewe,  t h e  spec trum  

was s i m i l a r  t o  t h a t  o f  a g e n e r a l  cu ta n e o u s  n e r v e  such as 

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

maximum a t  6 t o  8 / j  . In t h e  ram, an a d d i t i o n a l  peak was 

found in  t h e  I a r g e r  f i b r e - s i z e  range  a t  14 t o  16 )x which  

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

P r o b a b ly  t h e  d i f f e r e n c e  between t h e  numbers o f  l a r g e  f i b r e s  

in  t h e  two s e x e s ,  r e f l e c t s  t h e  d i f f e r e n c e  in  s i z e  between  

t h e  p e n is  and c l i t o r i s .

In t h e  p r e s e n t  i n v e s t i g a t i o n  t h e  d o r s a l i s  p e n i s  

( o r  c l i t o r i s )  n e r v e  was t a k e n  p r o x i m a l l y ,  c l o s e  t o  i t s  

o r i g i n  f rom  t h e  main pudendal  t r u n k ,  a t  which l e v e l  i t  was 

s t i I  I a mixed n e r v e  w i t h  some motor  and many vasomotor  

f i b r e s  p r e s e n t .  No d i f f e r e n c e  c o u ld  be d e t e c t e d  between  

t h e  two sexes in  t h e  c a t  a t  t h i s  l e v e l .  The p r e s e n t  

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

n erve  w i t h  a t y p i c a l  uni modal f i b r e - s i z e  d i s t r i b u t i o n  and 

has a peak a t  3 t o  4 ju w i t h  l a r g e  numbers o f  s m a l l e r  f i b r e s  

which a r e  p r o b a b l y  vas o m o to r .

The p e r i n e a l  b ranch  is  seen on gross  d i s s e c t i o n  t o  

have a p u r e l y  c u tan e o u s  d i s t r i b u t i o n ,  i t  i s  se n s o ry  and 

vasomotor  and i s  motor t o  t h e  smooth muscle o f  t h e  d a r t o s • 

I t  was not  examined h i s t o l o g i c a l l y .

The p e l v i c  n e r v e ,  on t h e  o t h e r  hand,  is  a v i s c e r a l  

n e r v e .  I t  c a r r i e s  t h e  p r e - g a n g  I i o n i c  p a r a s y m p a t h e t ic  

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

L an g le y  & Anderson ( l 8 9 5 f )  e s t i m a t e d  i t  t o  c o n t a i n  3 , 5 0 0  

m y e l i n a t e d  f i b r e s  most o f  which were sm al l  in  d i a m e t e r  and
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a t h i r d  o f  t h e  t o t a l  were  i n g o i n g .  They s t a t e d  t h a t  most 

o f  t h e  l a r g e r  f i b r e s  were s e n s o r y .

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

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

found t o  be about  h a l f  o f  t h e  t o t a l .  The normal n e rv e  

c o n t a i n s  betw een 3 , 0 0 0  and 4 , 0 0 0  m y e l i n a t e d  f i b r e s  when 

c o u n te d  under  t h e  h ig h  power  o f  t h e  m ic ro s c o p e .  Both  

n o r m a l  and d e - a f f e r e n t e d  p e l v i c  n e rv e s  have u n i -m o d a l  

f i b r e  s p e c t r a  w i t h  t h e  peak a t  4 p ,  w h i l e  t h e  normal n e rv e  

has a sm al l  b u t  s i g n i f i c a n t  number o f  I a r g e r  f i b r e s  up t o  

14 ju. A l l  t h e  f i b r e s  o v e r  7 p  in  d i a m e t e r  a r e  i n g o i n g .

Two r e c e n t  r e p o r t s  on t h i s  s u b j e c t  a p p a r e n t l y  

d i f f e r  s i g n i f i c a n t l y  f rom  t h i s  p i c t u r e .  G r i f f i n ,  G r i f f i n  

& P a t t o n  ( 1 9 5 8 ) ,  found t h a t  t h e  c a t  pe I v i e  n e rv e  c o n t a i n e d  

up t o  6 , 0 0 0  m y e l i n a t e d  f i b r e s  a f t e r  s e c t i o n  o f  t h e  s a c r a l  

v e n t r a l  r o o t s ,  when examined under  o i I -  i mniers i o n . S c h n i t z -  

l e i n ,  Hoffm an,  T u c k e r  & Q u ig l e y  ( I 9 6 0 )  e s t i m a t e d  t h a t  t h e  

t o t a l  number o f  f i b r e s  in  t h e  p e l v i c  n e r v e  o f  t h e  rhesu s  

monkey v a r i e d  between 1 0 ,0 0 0  and 3 0 , 0 0 0  when s i l v e r  s t a i n i n g  

and e l e c t r o n  m ic ro scopy  were used ,  more t h a n  h a l f  o f  t h e s e  

were le s s  t h a n  I p  in  d i a m e t e r ,  w h i l e  t h e  f i n e s t  non­

m y e l i n a t e d  f i b r e s  (20% o f  t h e  t o t a l )  c o u ld  no t  be r e s o l v e d  

a t  a l l  u s in g  l i g h t  m ic ro scopy  even under  i d e a l  c o n d i t i o n s .

I t  seems t h a t  any h i s t o l o g i c a l  t e c h n i q u e  which  

depends on l i g h t  m ic ro scopy  w i l l  o n l y  r e v e a l  a p r o p o r t i o n  

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

c o n s t i t u t e  t h e  m a j o r i t y ,  t h e  a c t u a l  t e c h n i q u e  which is  used 

can be e x p e c te d  t o  a f f e c t  t h e  t o t a l  cou n t  s i g n i f i c a n t l y .

Some low er  l i m i t  o f  s i z e  must t h e r e f o r e  be d e f i n e d  in  o r d e r  

t o  g i v e  t h e  r e s u l t s  some m ean ing .  Even t h e  c o n v e n t i o n a l  

d i s t i n c t i o n  between m y e l i n a t e d  and u n m y e l in a t e d  f i b r e s  is
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n o t  a h a rd  and f a s t  on e .  A l l  n e r v e  f i b r e s  a r e  surroun ded  

by a membrane c o n t a i n i n g  r a d i a l l y  o r i e n t a t e d  l i p i d  m o le c u le s  

and t a n g e n t i a l l y  a r r a n g e d  p r o t e i n  m o le c u le s  ( S j t t s t r a n d  1 9 5 3 ) ,  

and t h e s e  tw o  components a r e  a r r a n g e d  t o  form a c o n -  

c e n t r i c a l  l y  l a y e r e d  s t r u c t u r e .  In  mammalian n e r v e  f i b r e s  

which exceed  I t o  2 yx in  d i a m e t e r  t h e r e  is  enough l i p i d  t o  

cause t h e  sh e a th  t o  b la c k e n  in  osmic a c i d  and such f i b r e s  

a r e  c o n v e n t i o n a l l y  te rm e d  m y e l i n a t e d .  I t  f o l l o w s  t h a t  

t h e  d i s t i n c t i o n  between m y e l i n a t e d  and u n m y e l i n a t e d  n e rve  

f i b r e s  is  an a r b i t a r y  one and does not  r e s t  on any 

fundam en ta l  p h y s i o l o g i c a l  p r o p e r t y .  In a d d i t i o n  i t  depends  

upon t h e  d eg re e  t o  which t h e  osmic a c i d  is  t a k e n  up, which  

i s  i t s e l f  a v a r i a b l e  phenomenon. Even in i d e a l l y  

im p re g n a ted  osmic a c i d  p r e p a r a t i o n s ,  l a r g e  numbers o f  

f . i i b r e s  can be seen under  o i I -  i mmers i on which a r e  no t  

v i s i b l e  under  h igh  power and in  which t h e  b la c k e n e d  l i p i d  

l a y e r  i s  b a r e l y  v i s i b l e .

I t  was f o r  t h i s  reas on  t h a t  in  t h e  p r e s e n t  

i n v e s t i g a t i o n  I d e c id e d ,  as s t a t e d  a t  t h e  b e g in n i n g  o f  t h i s  

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

in  p h o to g ra p h s  e n l a r g e d  t o  one thousand t im e s  supp lem ented  

by t h e  h ig h  power o f  t h e  m ic roscope  and t o  d i s r e g a r d  t h e  

many f i n e  f i b r e s  which can be seen o n l y  under  o i 1 - im m e rs io n . 

T h i s  d i f f e r e n c e  in  t e c h n i q u e  p r o b a b l y  acc ounts  f o r  t h e  

d i s c r e p a n c y  which e x i s t s  between t h e  t o t a l  f i b r e  co u n ts  

o b t a i n e d  f o r  t h e  p e l v i c  n e rv e  by m y s e l f  and t h e  two groups  

o f  a u t h o r s  m ent io ned  abo ve .  Under t h e  c o n d i t i o n s  j u s t  

d e f i n e d ,  t h e  c a t  p e l v i c  n e rv e  c o n t a i n s  3 , 0 0 0  t o  4 , 0 0 0  

m y e l i n a t e d  f i b r e s  o f  which abo ut  h a l f  a r e  i n g o i n g .
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4 -  Summary

The m u s c u la t u r e  o f  t h e  a n o - r e c t a l  and u r o - g e n i t a l  

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

t h e  d i f f e r e n c e s  between t h e  morphology o f  t h i s  r e g i o n  in  

lower  a n i m a l s  and in  man. The n e r v e  s u p p ly  t o  t h e  p e l v i c  

v i s c e r a  is  d e s c r i b e d  and t h e  commoner v a r i a t i o n s  a r e  

di  s c u s s e d •

The r e s u l t s  o f  a q u a n t i t a t i v e  f i b r e  a n a l y s i s  o f  

t h e  p e l v i c  n e r v e  and t h e  b ran c h es  o f  t h e  pudendal  n e rv e  

a r e  g i v e n .  The p e l v i c  n e r v e  was found t o  c o n t a i n  3 , 0 0 0  

t o  4 , 0 0 0  m y e l i n a t e d  f i b r e s  o f  which a p p r o x i m a t e l y  h a l f  

a r e  i n g o i n g .  The f i b r e - s i z e  spec trum  is  u n i -m o d a l  w i t h  

t h e  maximum number o f  f i b r e s  in  t h e  3 t o  4 r a n g e .  The  

normal n e rv e  c o n t a i n s  a few l a r g e  f i b r e s  up t o  14 p  w h i l e  

a l l  f i b r e s  o v e r  7 p  a r e  i n g o i n g .

The g e n i t o - a n a l  branch o f  t h e  pudendal n e rv e  

c o n t a i n s  m a i n l y  o u t g o in g  f i b r e s .  The d e - a f f e r e n t e d  n e rv e  

has a u n i -m o d a l  spec trum  w i t h  t h e  maximum number o f  f i b r e s  

in  t h e  8 t o  10 p  r a n g e .  The d o r s a l i s  p e n is  n e r v e  i s  

m a i n ly  sen s o ry  b u t  has a l a r g e  number o f  o u t g o i n g  f i b r e s  

in  t h e  3 t o  4  p  r a n g e  and a s m a l l e r  number 8 t o  10 p  in  

d i a m e t e r •

The s i g n i f i c a n c e  o f  t h e s e  r e s u l t s  i s  d i s c u s s e d .
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A number o f  o b j e c t i o n s  can be r a i s e d  t o  a l l  t h e  

above t e c h n i q u e s  based on m echan ica l  p r i n c i p l e s .  F i r s t ,  

t h e  s i z e  and p o s i t i o n i n g  o f  t h e  b a l l o o n s  must be c r i t i c a l l y  

a r r a n g e d  t o  r e c o r d  t h e  resp o n se  o f  t h e  re c tu m  o r  t h e  anal  

c a n a l ,  w i t h o u t  t h e  a c t i v i t y  o f  t h e  one i n f l u e n c i n g  t h e  

b a l l o o n  l y i n g  in  t h e  o t h e r .  Second, t h e s e  methods r e c o r d  

t h e  b e h a v i o u r  o f  t h e  ana l  can a l  as a whole  and do not  

d i f f e r e n t i a t e  between t h e  resp o n ses  o f  t h e  s t r i a t e d  and 

smooth s p h i n c t e r  m u s c le s .  These two m uscles may respond  

s i m i l a r l y  bu t  w i l l  no t  n e c e s s a r i l y  do s o .

G a r ry  ( 1 9 3 3 a  & b )  approached t h i s  p ro b lem  by 

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

he d i d  e i t h e r  by c u t t i n g  t h e  pudendal  n e rv e s  or  by g i v i n g  

s u f f i c i e n t  C u ra re  t o  p a r a l y s e  t h e  m u s c le .  O f  t h e s e  t w o ,  

t h e  C u ra re  method is  t h e  le s s  s a t i s f a c t o r y  as t h e  s t r i p e d  

e x t e r n a l  s p h i n c t e r s  a r e  amongst t h e  muscles in  t h e  body  

most r e s i s t a n t  t o  C u ra re  and t h e  dose l e v e l s  which a r e  

n e c e s s a ry  t o  p a r a l y s e  them a r e  not  w i t h o u t  e f f e c t  on t h e  

au to n o m ica I  I y  i n n e r v a t e d  p e l v i c  v i s c e r a .  L an g le y  ( 1 9 1 1 )  

and B a r r i n g t o n  ( | 9 | 5 )  both  r e p o r t e d  a l o w e r in g  o f  b l a d d e r  

t o n e  and a p a r t i a l  r e v e r s a l  o f  t h e  respo nse  o f  t h e  b l a d d e r  

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

C u r a r e .  The p ro c e d u r e  o f  c u t t i n g  t h e  pudendal n e rv e s  i s  

p r o b a b l y  le s s  open t o  o b j e c t i o n  b u t  i t  is  c lum sy in  t h a t  

t h e  b u l k  o f  t h e  o v e r - l y i n g  mass o f  s t r i a t e d  muscle  

o b s c u re s  t h e  respo nse  o f  t h e  smooth muscle and more 

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

most o f  t h e  a f f e r e n t  im pu lses  from t h e  anal r e g i o n  which  

may p l a y  a s i g n i f i c a n t  p a r t  in  t h e  r e f l e x  p i c t u r e .

The t h i r d  and most im p o r ta n t  o b j e c t i o n  t o  m echan ica l  

r e c o r d i n g  methods is  t h a t  t h e  b a l l o o n  o r  f l u i d  used must
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i t s e l f  a c t  as a f o r e i g n  body w i t h i n  t h e  ana l  ca n a l  and 

p re s u m a b ly  t h e r e f o r e  a c t  as a so u rc e  o f  r e f l e x  s t i m u l a t i o n .

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

r e q u i r e  some medium t o  t r a n s m i t  t h e  s i g n a l  f rom  t h e  

b a l l o o n  t o  t h e  d i s p l a y  u n i t .  O f  t h e  two s u b s ta n c e s  most  

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

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

a i r  f i l l e d  system is  s u b j e c t  t o  e r r o r  r e s u l t i n g  f rom  

a l t e r a t i o n  in  l a b o r a t o r y  t e m p e r a t u r e .

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

is  somewhat s i m i l a r  a l th o u g h  h e r e  t h e r e  i s  l e s s  d i f f i c u l t y  

in  d i s t i n g u i s h i n g  between t h e  respo nses  o f  t h e  two  

s p h i n c t e r s  s i n c e ,  in  t h e  c a t  a t  l e a s t ,  t h e  e x t e r n a l  

s p h i n c t e r  is  s e p a r a t e d  f rom t h e  b l a d d e r  neck where t h e  

main smooth muscle a c t i o n  is  th o u g h t  t o  be l o c a l i s e d ,  by 

about  one c e n t i m e t r e  o f  p ro x im a l  u r e t h r a .

Fagge ( 1 9 0 2 )  used a sm al l  ru b b e r  b a l l o o n  l y i n g  in  

t h e  u r e t h r a  and t h i s  method o f  r e c o r d i n g  was chosen as 

r e c e n t l y  as 1959 by G i r a d o  & C a m p b e l l .  Most w o r k e r s ,  

how ever ,  have used r e s i s t a n c e  t o  f l u i d  f l o w .  B a r r i n g t o n  

( 1 9 1 5 )  a l lo w e d  a s t re a m  o f  f l u i d  t o  f l o w  a lo n g  t h e  u r e t h r a  

f rom a f i x e d  p r e s s u r e  head and no ted  any change in  t h e  

r a t e  a t  which t h e  drops  is s u e d  from t h e  e x t e r n a l  meatus  

when he s t i m u l a t e d  t h e  n e rv e s  s u p p ly in g  t h e  u r e t h r a  o r  

d i s t e n d e d  t h e  b l a d d e r .  In c h r o n i c  e x p e r im e n t s ,  he 

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

r e q u i r e d  when a p p l i e d  t o  t h e  a n t e r i o r  abdominal w a l l ,  t o  

f o r c e  f l u i d  a lo n g  t h e  u r e t h r a .  Langworthy, Drew & V e s t  

( 1 9 4 0 ) ,  measured t h e  r e s i s t a n c e  by means o f  a c a n n u la  

t i e d  i n t o  t h e  u r e t h r a ,  or  by a n e e d le  passed i n t o  t h e  

b l a d d e r  t h r o u g h  t h e  a n t e r i o r  abdominal w a l l .  S e v e r a l
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o f  t h e  e a r l i e r  w o r k e r s ,  i n c l u d i n g  E l l i o t  ( 1 9 0 7 ) ,  and 

G ian n u z i  & Nawrocki  ( 1 8 6 3 ) ,  measured r e s i s t a n c e  in  t e r m s  

o f  t h e  u r e t h r a l  ope n in g  p r e s s u r e .

Methods s i m i l a r  in  p r i n c i p l e  t o  t h e s e  have been  

a p p l i e d  t o  human s u b j e c t s .  Simons ( 1 9 3 6 )  and Bors ( 1 9 4 8 )  

have b o th  d e s c r i b e d  in s t r u m e n t s  known as s p h i n c t e r o m e t e r s  

which a r e  d e s ig n e d  t o  measure t h e  a c t i v i t y  o f  t h e  u r e t h r a l  

s p h i n c t e r s ,  S im o n 's  i n s t r u m e n t  c o n s i s t s  o f  a w a t e r -  

f i l l e d  b a l l o o n  t i e d  on a u r e t h r a l  c a t h e t e r ,  w h i l e  B o r s '  

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

r e t r o g r a d e  f l o w  o f  l i q u i d  i n t o  t h e  b l a d d e r .  Such 

i n s t r u m e n t s  a r e  in  r o u t i n e  use in  some u r o l o g i c a l  c l i n i c s .

Most o f  t h e  o b j e c t i o n s  t o  t h e  use o f  m echan ica l  

r e c o r d i n g  methods which were d is c u s s e d  in c o n n e c t io n  w i t h  

t h e  anal c a n a l  a p p ly  a l s o  t o  t h e  u r e t h r a .  In  p a r t i c u l a r  

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

r e f l e x  s t i m u l i  i s  r e l e v a n t  t o  t h e s e  methods which i n v o l v e  

t h e  f lo w  o f  a l i q u i d  a lo n g  t h e  u r e t h r a  or  t h e  com press ion  

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

E l e c t r o n i c  methods o f  r e c o r d i n g  r e p r e s e n t  a new 

approach t o  t h e s e  prob lem s and a v o id  many o f  t h e  o b j e c t i o n s  

E le c t r o m y o g r a p h y  as a method o f  r e c o r d i n g  is  f r i c t i o n  I ess  

and does not i n v o l v e  e x t r a n e o u s  r e f l e x  s t i m u l a t i o n  s i n c e ,  

u s in g  n e e d le  e l e c t r o d e s ,  i t  i s  n o t  n e c e s s a ry  f o r  any 

f o r e i g n  body t o  l i e  w i t h i n  t h e  anal  cana l  o r  u r e t h r a .  I t  

i s  a more s e n s i t i v e  i n d i c a t o r  o f  muscle a c t i v i t y  th a n  

m echan ica l  methods and i t  is  p a r t i c u l a r l y  s u i t e d  t o  t h e  

prob lem  o f  t h e  s p h i n c t e r  m u sc les ,  s i n c e  t h e  e l e c t r i c a l  

d i s c h a r g e  o f  t h e  s t r i a t e d  muscle c o n s i s t i n g  o f  d i s c r e t e  

and r e l a t i v e l y  h ig h  v o l t a g e  a c t i o n  p o t e n t i a l s  i s  e a s i l y
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r e c o g n is e d  and r e c o r d e d  w h ereas ,  u s in g  s t a n d a r d  con dense r  

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

e l e c t r i c a l  a c t i v i t y .

E le c t r o m y o g r a p h y  has been c r i t i c i s e d  as a method  

on t h e  grounds t h a t  i n a c t i v e  muscles may show s i g n s  o f  

a c t i v i t y  by c o n d u c t io n  from a d j a c e n t  a c t i v e  m u s c le s .

Thus Forbes & Barbeau ( 1 9 2 7 ) ,  u s ing  u n i n s u l a t e d  s i l v e r  

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

when t h e  n e r v e  t o  t i b i a l i s  a n t e r i o r  was s t i m u l a t e d .

Denny Brown ( 1 9 4 9 )  c o n c lu d ed  t h a t  i f  a muscle  was d i s ­

c h a r g i n g  i n t e n s e l y ,  i t s  a c t i v i t y  c o u ld  be p i c k e d  up f rom  

i n a c t i v e  muscles  f i f t e e n  c e n t i m e t r e s  away. A d r i a n

(1 9 2 5  a ,  b & c ) ,  how ever ,  found t h a t  w i t h  e l e c t r o d e s  o f  

sm a l l  s u r f a c e  a r e a  a s e l e c t i v e  f i e l d  was sampled and t h e  

a c t i v i t y  r e c o r d e d  was m a i n ly  d e te r m in e d  by t h o s e  f i b r e s  

l y i n g  in  a s t r a i g h t  l i n e  between t h e  two e l e c t r o d e s .  

G e l l h o r n  & Johnson ( 1 9 5 0 ) ,  found t h a t  e l e c t r i c a l  a c t i v i t y  

induced in muscles by 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  

was a lw ays  s h a r p l y  l o c a l i s e d  even when m a x im a l .

The exposed a r e a  o f  t h e  e l e c t r o d e s  is p r o b a b ly  

t h e  c r i t i c a l  f a c t o r .  I have used f i n e  n e e d le  e l e c t r o d e s  

i n s u l a t e d  in  such a way as t o  p r e s e n t  a min imal  c o n d u c t in g  

s u r f a c e  and I f i n d  t h a t  w i t h  t h e s e ,  a s i n g l e  motor u n i t  

can be p i c k e d  up f rom a v e r y  l o c a l i s e d  a r e a  w i t h i n  a 

m u s c le .  On s t i m u l a t i o n  o f  t h e  p e r i p h e r a l  end o f  t h e  c u t  

pudendal  n e r v e  t h e  muscle a c t i o n  p o t e n t i a l  can be r e c o r d e d  

f rom  t h e  s u r f a c e  o f  t h e  s p h i n c t e r  muscle b u t  i t  i s  no t  

seen in  t h e  r e c o r d  o b t a i n e d  f rom t h e  i s c h i o - r e c t a l  f a t  

im m e d ia t e ly  a d j a c e n t  t o  t h e  a c t i v e  m u sc le .
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R a t h e r  s u r p r i s i n g l y  t h e r e  is  o n l y  one r e f e r e n c e  

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

f rom  t h e  e x t e r n a l  ana l  s p h i n c t e r  in  a n i m a l s ;  Beck ( 1 9 3 0 ) ,  

though  t h e r e  a r e  t h r e e  r e p o r t s  c o n c e r n in g  s t u d i e s  made on 

human b e i n g s ;  Newman ( 1 9 4 9 ) ,  F lo yd  & W a l ls  ( 1 9 5 3 )  and 

Kawakami ( 1 9 5 4 ) .  T h e re  a r e  no r e f e r e n c e s  t o  r e c o r d i n g  

f rom  t h e  u r e t h r a l  s p h i n c t e r  in  a n im a ls  a l th o u g h  Evans

( 1 9 3 6 )  r e c o r d e d  motor a c t i v i t y  f rom  t h e  pudendal  n e rv e

in  t h e  c a t .  T here  a r e  a few r e p o r t s  o f  e I e c t r o m y o g r a p h i c  

s t u d i e s  on t h e  human u r e t h r a l  s p h i n c t e r ;  Newman ( 1 9 4 9 )  

p e r f o r m e d  e Ie c t r o m y o g r a p h y  on t h e  anal  and u r e t h r a l  

s p h i n c t e r s  in  women, and Frankson & P e te r s e n  (1 9 5 3  & 1954)  

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

s p h i n c t e r  and u r e t h r a l  s t r i a t e d  m usc le ,  in  human p a t i e n t s .

I n f o r m a t i o n  abo ut  t h e  in g o in g  pathways f rom t h e  

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

and d e f a e c a t i o n  r e f l e x e s  has in  t h e  p a s t  been g a in e d  

l a r g e l y  by i n d i r e c t  m ethods.  Most e x p e r im e n t a l  w orkers  

have i n v e s t i g a t e d  t h e  n a t u r e  o f  t h e  ad e q u a te  s t i m u l u s  by 

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

C l i n i c a l  w o rk e rs  have approached t h e  same prob lem  by 

a p p l y i n g  v a r i o u s  s t i m u l i  t o  t h e  v i s c e r a  in  man and 

r e c o r d i n g  t h e  c on sc ious  s e n s a t io n s  p r o d u c e d .  I n v e s t i g a t i o n  

o f  t h e  in g o in g  r e f l e x  p a t h s  by e l e c t r o n i c  r e c o r d i n g  f rom  

t h e  sen s o ry  n e rv e s  in v o l v e d  a l l o w s  t h e  sense organs  t o  be 

s t u d i e d  d i r e c t l y .  T h i s  method has been used by T a l a a t
( 1 9 3 7 )  t o  s tu d y  t h e  b l a d d e r  and u r e t h r a ,  by Iggo ( 1 9 5 6 )  

t o  d e m o n s t r a te  s t r e t c h  r e c e p t o r s  in  t h e  b l a d d e r  w a l l  and 

by C h e n n e ls ,  F lo yd  & Gould ( I 9 6 0 )  t o  s t u d y  t h e  sen sory  

i n n e r v a t i o n  o f  t h e  ana l  r e g i o n .
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B. METHODS USED IN THE PRESENT INVESTIGATION 

I • E x p e r im e n ta l  A n im a ls

In a l l  t h e  e x p e r im e n t s  i n v o l v i n g  t h e  s t u d y  o f  

r e f l e x  a c t i v i t y ,  d e c e r e b r a t e  c a t s  were u s e d .  T h i s  was 

done p r i n c i p a l l y  because many o f  t h e  r e f l e x e s  b e in g  

s t u d i e d  were found  t o  be a b o l i s h e d  by q u i t e  s h a l l o w  

a n a e s t h e s i a .  I t  is  an a d d i t i o n a l  a d v a n ta g e  t h a t  i t  i s

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

s h o r t  p e r i o d s ,  as is  o f t e n  n e c e s s a ry  when w o rk in g  s i n g l e -  

handed,  whereas t h e  a n a e s t h e t i s e d  animal  r e q u i r e s  c o n s t a n t  

s u p e rv  i s i o n .

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

f o r  t h i s  work is  pe rha ps  j u s t i f i a b l e ,  s i n c e  d e c e r e b r a t i o n ,  

i n v o l v i n g  as i t  does t h e  c o m p le te  e l i m i n a t i o n  o f  a l l  

im pulses  a r i s i n g  in  t h e  h i g h e r  p a r t s  o f  t h e  b r a i n ,  produces  

d r a s t i c  changes in  t h e  d eg re e  and d i s t r i b u t i o n  o f  t o n e ,  

t h e  c o m p le te  p i c t u r e  b e in g  t h a t  o f  d e c e r e b r a t e  r i g i d i t y .

I t  would be r e a s o n a b le  t o  suppose t h a t  d e c e r e b r a t i o n  might  

produce  some change in  t h e  to n e  o f  t h e  e x t e r n a l  s p h i n c t e r s  

and indeed i t  m ig h t  even be a r g u a b le  t h a t  t h e  r e s t i n g  t o n e  

r e c o r d e d  f rom t h e  d e c e r e b r a t e  animal  m ig h t  not  e x i s t  in  

t h e  i n t a c t  a n i m a l .  N e v e r t h e l e s s  such a t o n e  has been  

r e c o r d e d  in  c o n s c io u s  i n t a c t  human b e in g s  and i t  can a l s o  

be r e c o r d e d  a lm o s t  unchanged in t h e  a c u te  s p i n a l  c a t .

For  r e c o r d i n g  f rom sen sory  n e rve  f i b r e s ,  

a n a e s t h e t i s e d  c a t s  were used .  These were found t o  be 

more r e s i s t a n t  t o  t ra u m a  and t o  t h e  haemorrhage i n v o l v e d  

in  t h e  subsequent  r a t h e r  h e r o i c  d i s s e c t i o n  t h a n  were  

d e c e r e b r a t e  or  s p i n a l  a n i m a l s .  The a n a e s t h e t i c  used was
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Nembutal ( A b b o t )  which was a d m i n i s t e r e d  i n t r a - p e r i t o n e a I  I y  

in  an i n i t i a l  dose o f  4 5  mg/Kg body w e i g h t .  Subsequent  

m a in te n a n c e  dosage was r e g u l a t e d  t o  t h e  l e v e l  o f  r e f l e x  

r e sp o n se  o b s erved  f rom  t h e  p r e p a r a t i o n .

Because o f  t h e  wide range  o f  e x p e r im e n t a l  

p r o c e d u r e s  c a r r i e d  out  and because o f  t h e  f a c t  t h a t  

s e v e r a l  p r o c e d u r e s  were c a r r i e d  out  on any one a n i m a l ,  i t  

is not  p o s s i b l e  t o  enu m era te  t h e  number o f  a n im a ls  used  

f o r  each p r o c e d u r e  in d e t a i l ,  b u t  a summary o f  t h e  number  

o f  a n im a ls  used in each s e c t i o n  o f  t h e  t h e s i s  is g iv e n  

be Iow .

Purpose f o r  which used Number o f  c a t s

A n a l y s i s  o f  t h e  motor  and se n s o ry  ( S e c t i o n  I )
components o f  t h e  pudendal  and p e l v i c
n e r v e s ,  a f t e r  d o r s a l  r o o t  s e c t i o n      8

E le c t r o m y o g r a p h y  o f  t h e  e x t e r n a l  ( S e c t i o n  3 )
anal s p h i n c t e r       30

E le c t r o m y o g r a p h y  o f  t h e  e x t e r n a l  ( S e c t i o n  4 )
u r e t h r a l  s p h i n c t e r .      49

R e c o rd in g  f rom s e n s o ry  f i b r e s  in  ( S e c t i o n  5 )
t h e  s a c r a l  d o r s a l  r o o t s  33

TOTAL 120

In a d d i t i o n  many o f  t h e  above c a t s  were s u b s e q u e n t ly  

used f o r  h i s t o l o g i c a l  s t u d i e s  and a number o f  c a t s  were used 

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

2 .  Method o f  D e c e r e b r a t i o n

The animal  was p l a c e d  in  a g l a s s  s i d e d  box and 

a n a e s t h e t i s e d  w i t h  e t h e r  blown i n t o  t h e  box by b u b b l i n g  

a i r  th r o u g h  e t h e r  in  a wash b o t t l e .  When t h e  c a t ' s
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r e s p i r a t i o n  became deep and r e g u l a r  i t  was removed f rom  

t h e  box and a n a e s t h e s i a  was m a i n t a i n e d  by d r o p p in g  e t h e r  

o nto  t h e  t o e  o f  a sock which was h e l d  o v e r  t h e  a n i m a l ' s  

f a c e .  The s k i n  was t h e n  i n c i s e d  in  t h e  m i d - v e n t r a l  l i n e  

o f  t h e  ne c k ,  t h e  s t r a p  m uscles were s e p a r a t e d  by b l u n t  

d i s s e c t i o n  and t h e  t r a c h e a  exposed and c a n n u l a t e d .  The 

l e v e l  o f  a n a e s t h e s i a  was s u b s e q u e n t ly  c o n t r o l l e d  by means 

o f  an a n a e s t h e t i c  t i n  which gave a c o n t r o l l a b l e  m i x t u r e  

o f  e t h e r  and a i r .

The common c a r o t i d  a r t e r y  was n e x t  t i e d  on both  

s i d e s ,  t a k i n g  c a r e  t h a t  t h e  vagus n e rv e  was not  in c lu d e d  

in  t h e  l i g a t u r e ,  a f t e r  which t h e  animal  was t u r n e d  i n t o  

t h e  p rone  p o s i t i o n  and s u p p o r te d  in  a head c la m p .  The 

s c a l p  was i n c i s e d  f rom above one eye t o  b e h in d  t h e  e a r  o f  

t h e  o p p o s i t e  s i d e  and t h e  t e m p o r a l i s  muscle was removed  

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

on one s i d e .  A h o le  was t h e n  t r e p h i n e d  in  t h e  bony v a u l t  

and e n l a r g e d  by bone n i b b l e r s  u n t i l  i t  c o u ld  c o m f o r t a b l y  

a d m i t  t h e  index  f i n g e r .  The edges o f  t h e  open d i p l o i c  

space were b lo c k e d  w i t h  p l a s t i c i n e .  The v e r t e b r a l  

a r t e r i e s  were n e x t  t e m p o r a r i l y  o cc lu d e d  w i t h  t h e  thumb and 

m id d le  f i n g e r  o f  t h e  l e f t  hand, w h i l e  w i th  t h e  r i g h t  hand 

t h e  du ra  was i n c i s e d  and removed from o v e r  t h e  opening  in  

t h e  bone.  A p i e c e  o f  t h e  u n d e r l y i n g  c e r e b r a l  c o r t e x  was 

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

f o r w a r d ,  so t h a t  t h e  d o rs a l  a s p e c t  o f  t h e  b r a i n - s t e r n  was 

c l e a r l y  v i s i b l e .  The b r a i n - s t e r n  was t h e n  t r a n s e c t e d  

between t h e  s u p e r i o r  and t h e  i n f e r i o r  c o l l i c u l i  and t h e  

r e m a i n in g  c e r e b r a l  t i s s u e  was removed. Any loose b lood  

w a s  sucked out  and p i e c e s  o f  Gel foam were p la c e d  ove r  t h e
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bony s e l l a  t u r c i c a .  The c r a n i a l  c a v i t y  was th e n  f i l l e d  

w i t h  warm R in g e r  s o l u t i o n  which was i m m e d ia t e ly  sucked  

o u t  a g a in  w i t h  a s u c t i o n  pump, t h u s  com press in g  t h e  Gel foam 

o n to  t h e  c o l l a p s e d  v e s s e l s  o f  t h e  c i r c l e  o f  W i l l i s  and 

e n s u r i n g  h a e m o s ta s is .  I f  t h i s  p r o c e d u r e  d id  not  p roduce  

a lm ost  im m ed ia te  h a e m o s ta s is ,  moderate  p r e s s u r e  was a p p l i e d  

w i t h  t h e  index  f i n g e r  in a downward d i r e c t i o n  o v e r  t h e  

r e g i o n  o f  t h e  s e l l a  f o r  a few m in u te s .

I f  a t  any t im e  d u r i n g  t h e  d e c e r e b r a t i o n  t h e  

r e s p i r a t i o n  s to p p e d ,  a r t i f i c i a l  r e s p i r a t i o n  was a p p l i e d  

by b lo w in g  t h r o u g h  a t u b e  d es ig n e d  t o  f i t  o n to  t h e  

t r a c h e a l  c a n n u l a . ,  The a n i m a l ' s  t e m p e r a t u r e  was m a i n t a in e d  

by a h e a t i n g  p l a t e  on t h e  o p e r a t i n g  t a b l e .

3 .  Method o f  Exposure o f  t h e  P u d e n d a l ,  P e l v i c  and 
S y m p a th e t ic  Nerves

The c o u rs e  and r e l a t i o n s  o f  t h e s e  n e rve s  in  t h e  

c a t  a r e  d e s c r ib e d  in  S e c t i o n  I and i l l u s t r a t e d  in  F i g s .  I ,

2 ,  3 , 5  and 6 .  .

In o r d e r  t o  expose t h e  pudendal n e r v e ,  an i n c i s i o n  

was s t a r t e d  above and between t h e  two e a s i l y  p a l p a b l e  bony  

prom inences  ( t u b e r  i s c h i i  and g r e a t e r  t r o c h a n t e r )  and was 

c o n t i n u e d  v e r t i c a l l y  downward f o r  two in c h e s .  At  t h e  

l e v e l  o f  t h e  t u b e r  i s c h i i ,  a v e i n  was found  which runs down 

t h e  p o s t e r o - l a t e r a l  a s p e c t  o f  t h e  t h i g h  and p lu n g e s  between j 

t h e  g l u t e u s  maximus, in  f r o n t ,  and t h e  b ic e p s  f e m o r i s ,  b e h in d . !  

T h i s  i n t r a - m u s c u I a r  space was opened and t h e  s c i a t i c  n e rv e  

f o l l o w e d  d o r s a l  I y  t o  where i t  emerges between t h e  p i r i f o r m i s  

and i s c h i o - c a u d a I  m u s c le s .  The pudendal  n e rv e  was th e n
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fo u n d ,  l y i n g  on t h e  p o s t e r i o r  a s p e c t  o f  t h e  s c i a t i c  n e rv e  

and r u n n i n g  p o s t e r i o r l y  between t h e  o b t u r a t o r  i n t e r n u s  and 

p u b o -c a u d a l  m u s c le s ,  t o  i t s  p o i n t  o f  d i v i s i o n  i n t o  g e n i t o -  

ana l  and d o r s a l  is  p e n is  b r a n c h e s .

The p e l v i c  n e rve s  were approached by B a r r i n g t o n  

( 1 9 1 5 )  a lo n g  t h e  ana l  c a n a l ,  and by E l l i o t  ( 1 9 0 7 )  f rom  

b e h in d  t h e  r e c t u m .  I t  was fo u n d ,  how ever ,  t h a t  t h e  most 

e f f e c t i v e  exp o su re  c o u ld  be o b t a i n e d  u s in g  a v e n t r a l  

approach as d e s c r i b e d  by G a r ry  (1 9 3 3  a ) .  The symphysis  

p u b is  was s p l i t  in  t h e  m i d - l i n e  and t h e  two h a l v e s  s e p a r a t e d .  

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

t h e  p e l v i c  n e rv e  c o u ld  be found em erg ing  from between t h e  

s a c r o - c a u d a l  and i s c h i o - c a u d a I  muscles and s p l i t t i n g  up t o  

fo rm  t h e  p e l v i c  p l e x u s  on t h e  s i d e  w a l l  o f  t h e  r e c t u m .

E l l i o t  ( 1 9 0 7 )  approached t h e  lumbar s y m p a th e t ic  

o u t f l o w  t h r o u g h  an i n c i s i o n  in  t h e  l e f t  f l a n k  which a l lo w e d  

an e x t r a - p e r i t o n e a l  exp o su re  o f  t h e  h y p o g a s t r i c  n e r v e s .

T h i s  p r o c e d u r e  was a l s o  f o l l o w e d  by G a r r y .  In t h e  p r e s e n t  

e x p e r im e n t s  I approached t h e  lumbar o u t f l o w  v e n t r a l l y  

t h r o u g h  t h e  g r e a t e r  sac o f  t h e  g e n e r a l  p e r i t o n e a l  c a v i t y .

I f e l t  t h a t  t h e  d i s a d v a n t a g e s  o f  open ing  t h e  p e r i to n e u m  and 

h a n d l i n g  t h e  abdominal  v i s c e r a  were o f f s e t  by t h e  g r e a t e r  

s i m p l i c i t y  o f  t h i s  approach and t h e  w id e r  access  which i t  

a f f o r d e d .

S e c t i o n i n g  t h e  pudendal  n e rv e  is  a s im p le  p r o c e d u r e  

once t h e  n e rv e  t r u n k  has been a d e q u a t e l y  exposed.  Complete  

i n t e r r u p t i o n  o f  t h e  p e l v i c  n e rv e  is  more d i f f i c u l t  t o  

e n s u re  because t h e  main t r u n k  b re a k s  up i n t o  a l a r g e  number
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o f  v e r y  f i n e  b ranc hes  i m m e d ia t e l y  a f t e r  e n t e r i n g  t h e  p e l v i s  

and t h e  n e r v e  i s  accompanied by q u i t e  a l a r g e  branch  o f  t h e  

m id d le  r e c t a l  a r t e r y .  I t  is  b e s t ,  t h e r e f o r e ,  t o  i s o l a t e  

t h e  main t r u n k  w i t h  i t s  accompanying v e s s e l  as n e a r  t o  i t s  

r o o t s  o f  o r i g i n  as p o s s i b l e  and t o  d i v i d e  i t  between  

I i  g a t u r e s .

D e s t r u c t i o n  o f  t h e  lumbar s y m p a th e t ic  o u t f l o w  

i n v o l v e s  two d i s t i n c t  p ro c e s s e s  and h e re  a g a in  c a r e  must be 

t a k e n  t o  en s u re  co m p le te  i n t e r r u p t i o n  o f  t h e  n e rv e  s t r a n d s ,  

f i r s t ,  t h e  h y p o g a s t r i c  n e rv e s  a r e  i s o l a t e d  in t h e  mesocolon  

where t h e y  a re  s e c t i o n e d  and removed a lo n g  w i t h  t h e  i n f e r i o r  

m e s e n t e r i c  g a n g l i a .  The i n f e r i o r  m e s e n te r ic  a r t e r y  is  th e n  

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

n e r v e  s t r a n d s  which run in c l o s e  a s s o c i a t i o n  w i t h  i t s  

a d v e n t i t i a  ( t h e  lumbar c o l o n i c  n e r v e s )  a r e  d e s t r o y e d  u s ing  

t h e  p o i n t s  o f  f i n e  f o r c e p s .

4 -  General  L a y -o u t  o f  t h e  A p p a ra tu s

The e x p e r im e n t s  were a l l  c a r r i e d  o u t  w i t h i n  a cage  

o f  w i r e  mesh s c r e e n i n g .  The o p e r a t i n g  t a b l e ,  t h e  p r e ­

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

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

camera a t t a c h e d  and t h e  pre-amp I i f i e r s  were o u t s i d e .  A 

sm al l  " s l a v e "  c a t h o d e - r a y  t u b e  was i n s t a l l e d  in  t h e  cage  

and was v i s i b l e  w h i l e  d i s s e c t i o n  was b e in g  c a r r i e d  o u t .

F i g .  16 is  a g e n e r a l  v ie w  showing some o f  t h e  a p p a r a t u s .

5 .  A m p l i f i e r s  and S t i m u l a t o r s

In  t h e  m a j o r i t y  o f  t h e  r e c o r d i n g  e x p e r im e n t s  o n l y
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one pre -am p I i f i e r  was used ,  b u t  in  t h o s e  e x p e r im e n t s  where  

t h e  e x t e r n a l  s p h i n c t e r s  o f  t h e  u r e t h r a  and anus were s t u d i e d  

s i m u l t a n e o u s l y ,  two were u s e d .  These a m p l i f i e r s  were  

s i m i l a r  in  p a t t e r n ,  each c o n s i s t i n g  o f  two sym m etr ic a l  

c h a n n e ls  p r o v i d i n g  b a la n c e d  in p u t  and o u t p u t  w i t h  r e j e c t i o n  

o f  in -p h a s e  a r t e f a c t .  The s t i m u l a t o r  used was a b a t t e r y -  

o p e r a t e d  t r a n s i s t o r i s e d  u n i t  g i v i n g  sq u are  wave p u l s e s  o f  

v a r i a b l e  f r e q u e n c y ,  l e n g th  and d u r a t i o n .

6 .  A p p a r a tu s  f o r  R e c o rd in g  and D i s p l a y i n g  t h e  R e s u l t s

A l l  r e c o r d s  were made from e l e c t r i c a l  s i g n a l s ,  

e i t h e r  as an in k  t r a c e  w r i t t e n  by a p e n - o s c i I  Iog raph  or  

as a p h o to g ra p h  o f  th e  o s c i l l o s c o p e  s c r e e n .

The i n p u t  l e a d s ,  which were o f  s c re e n e d  c o - a x i a l  

c a b l e ,  were a t t a c h e d  t o  t h e  r e c o r d i n g  e l e c t r o d e s  by means 

o f  c r o c o d i l e  c l i p s  or  by a P le s s e y  p lu g  and were f e d  i n t o  

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

t h e  s c r e e n i n g  c a g e .  From h ere  t h e  s i g n a l  was fe d  t h r o u g h  

a f u r t h e r  a m p l i f i e r  o f  c o n v e n t i o n a l  d e s ig n  t o  a double-beani  

d i s p l a y  u n i t  mounted on a r a c k  o u t s i d e  th e  c a g e ,  and t h i s  

in  t u r n  o p e r a t e d  a " s l a v e "  u n i t  w i t h i n  t h e  c a g e .  A Cossor  

camera was mounted on t h e  double-beam  in s t ru m e n t  and t h i s  

was used t o  make t h e  r e c o r d s  where o n l y  two s i g n a l  l i n e s  

were needed,  f o r  example  in  t h e  n e rv e  r e c o r d i n g  e x p e r i m e n t s .  

Two t y p e s  o f  t i m e  m ark ing  were used f o r  t h e  p h o to g r a p h ic  

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

c lo c k w o rk  system g i v i n g  h a l f  second p u l s e s .  One or  o t h e r  

o f  t h e s e  was d i s p l a y e d  on t h e  second beam o f  t h e  o s c i l l o ­

scope,  super imposed on t h e  s i g n a l  a l r e a d y  on t h i s  beam.
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In  e x p e r im e n t s  where s e v e r a l  s i m u l t a n e o u s  r e c o r d s  

were r e q u i r e d ,  f o r  example  in  t h e  e I e c t r o m y o g r a p h y  

e x p e r i m e n t s ,  an Ediswan f o u r - c h a n n e l  p e n - r e c o r d e r  was u se d .  

T h i s  i n s t r u m e n t  w r i t e s  f o u r  s i g n a l s  s i m u l t a n e o u s l y  in  ink  

on a moving p a p e r  s t r i p  and has a s e p a r a t e  a m p l i f i e r  w i t h  

a g a i n  c o n t r o l  f o r  each o f  t h e  f o u r  c h a n n e l s .  I t  was 

found t h a t  f o r  t h e  purpose  o f  t h e  p r e s e n t  e x p e r i m e n t s ,  t h e  

paper  speeds a v a i l a b l e  w i t h  t h e  s t a n d a r d  Ediswan in s t ru m e n t  

were u s u a l l y  t o o  f a s t .  A Palmer e l e c t r i c  kymograph,  

g i v i n g  a w ide range  o f  drum speeds ,  was t h e r e f o r e  mounted  

s id ew ays  on a s p e c i a l l y  made metal  f rame and was used t o  

p r o v i d e  s lo w e r  p a p e r  d r i v e .  ( F i g . 1 7 . )

7■ E l e c t r o d e s  f o r  S t i m u l a t i o n  and R e c o rd in g

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

were made f rom  f i n e  e n t y m o l o g i c a I  p i n s .  These were  

s o l d e r e d  a t  t h e  head end t o  l e n g t h s  o f  f i n e  v a r n i s h e d  

copper  w i r e .  They were t h e n  d ipped  in a h ig h  r e s i s t a n c e  

i n s u l a t i n g  v a r n i s h  and baked a c c o r d in g  t o  th e  m a n u f a c t u r e r ' s  

i n s t r u c t i o n s  f o r  one hour a t  I I O ° C .  The f r e e  end o f  t h e  

w i r e  was s o l d e r e d  t o  an i n s u l a t e d  t a g - s t r i p  and t h e  head o f  

t h e  p i n  was embedded in  a b l o c k  o f  s e a l i n g  wax or  " A r a l d i t e " .  

A f i n e  p i a n o - w i r e  s p r i n g  c o n n ec ted  t h e  s e a l i n g  wax b l o c k  t o  

t h e  t a g - s t r i p  and h e lp e d  t o  s p r i n g  t h e  e l e c t r o d e s  i n t o  

p o s i t i o n  and t o  m a i n t a i n  them t h e r e .

Two v a r i e t i e s  o f  t h i s  b a s ic  d e s ig n  were used .  For  

r e c o r d i n g  f rom t h e  ana l  s p h i n c t e r  i t  was found most  

c o n v e n ie n t  t o  have both  p i n s  a t t a c h e d  t o  t h e  same t a g - s t r i p  

and embedded in  t h e  same b lo c k  w i t h  t h e  s e p a r a t i o n  o f  t h e
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t i p s  f i x e d  a t  a b o u t  3 mm. in t h e  e x p e r im e n t s  on t h e  

u r e t h r a l  s p h i n c t e r  a s e p a r a t e  t a g - s t r i p  and s p r i n g  was 

used f o r  each  p i n .  T h i s  a r ra n g e m e n t  a l l o w e d  g r e a t e r  

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

space a v a i l a b l e  and i t  a l s o  a l lo w e d  th e  i n t e r - e I e c t r o d e  

d i s t a n c e  t o  be a l t e r e d .  In  both c a s e s  th e  t a g - s t r i p s  

were mounted on r i g i d  b ra s s  rods  and t h e  rods  were h e l d  

in  moveable  b a l l  and s o c k e t  j o i n t s .  The d i f f e r e n t  t y p e s  

o f  r e c o r d i n g  e l e c t r o d e  used a r e  shown in  F i g .  18 .

The e l e c t r o d e s  used f o r  r e c o r d i n g  from n erve  

s t r a n d s  were made f rom two le n g t h s  o f  p l a t i n u m  w i r e  ben t  

t o  form hooks and t h e s e  were s o l d e r e d  t o  l e n g t h s  o f  

i n s u l a t e d  copper  w i r e .  The copper  w i r e s  were e n c lo s e d  

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

c o v e re d  w i t h  s e a l i n g  wax so t h a t  o n l y  about  h a l f  an inch  

o f  t h e  p l a t i n u m  w i r e  was exposed .  The i n s u l a t e d  copper  

w ir e s  were a t t a c h e d  e i t h e r  t o  a t a g - s t r i p  o r  t o  a c o - a x i a l  

c a b l e  j u n c t i o n  and t h e  b r a s s  t u b i n g  was a t t a c h e d  t o  t h e  

c a b l e  s c r e e n i n g .  T h is  t y p e  o f  e l e c t r o d e  was a l s o  used f o r  

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

was r e q u i r e d ,  f o r  exam ple  in  S e c t i o n  5 when s t i m u l a t i n g  t h e  

v e n t r a l  r o o t s .

When i t  was d e s i r e d  t o  s t i m u l a t e  a n e rv e  f o r  a 

l o n g e r  p e r i o d  d u r in g  t h e  c o u rs e  o f  an e x p e r im e n t ,  t h e  n e rve  

was c u t  and t h e  end im p la n te d  in  f l u i d  e l e c t r o d e s .  In 

p a r t i c u l a r  t h i s  method was used in t h e  e x p e r im e n t s  on t h e  

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

on t h e  s p h i n c t e r  mechanisms o f  t h e  u r e t h r a  and t h e  e x p e r i ­

ments on t h e  e f f e c t  o f  pudendal n e rve  s t i m u l a t i o n  on t h e  

b l a d d e r .
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d e s c r i b e d  by G a r ry  & W i s h a r t  ( 1 9 5 1 )  and c o n s i s t e d  o f  two  

c y l i n d r i c a l  chambers o f  p e r s p e x  s e p a r a t e d  by a t h i n  ru b b e r  

d ia p h ra g m ,  w i t h  a s i l v e r  t e r m i n a l  in  each chamber .  The 

n e rv e  was c u t  and a t h r e a d  t i e d  t o  t h e  c u t  end .  T h i s  

t h r e a d  was led  t h r o u g h  t h e  ru b b e r  d iaphragm  u s in g  a f i n e  

s t r a i g h t  n e e d l e .  Both chambers were f i l l e d  w i t h  f l u i d  

f rom  a s y r i n g e  and t h e  d i s t a l  chamber was p l u g g e d .  The 

e l e c t r o d e s  were sm al l  enough t o  be i n s e r t e d  and s t i t c h e d  

i n t o  a space in  t h e  t i s s u e s  and t h e  wound c lo s e d  o v e r  them .  

They a r e  shown in  F i g .  19-

In e a r l y  e x p e r im e n t s  Mammalian R in g e r  s o l u t i o n  was 

used as t h e  f l u i d  medium b u t  i t  was f o u n d ,  as was p r e v i o u s l y  

r e p o r t e d  by Brown & G a r ry  ( 1 9 3 2 ) ,  t h a t  t h e  n e rv e s  d i d  not  

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

e x p e r im e n t  in  t h i s  f l u i d  and t h e  a n i m a l ' s  own serum was 

found t o  be more e f f e c t i v e .  T h is  was p r e p a r e d  by w i t h ­

d ra w in g  3 t o  5 ml o f  b lood  f rom  t h e  e x t e r n a l  j u g u l a r  v e i n  

e a r l y  in  t h e  e x p e r im e n t  and c e n t r i f u g i n g  down t h e  c e l l s  

in  a t a p e r e d  t u b e .

8 .  A p p a ra tu s  f o r  D i s t e n s i o n  o f  t h e  Rectum and Anal Canal

Two ru b b e r  b a l l o o n s ,  mounted " i n  tandem" on 

s e p a r a t e  meta l  h o l d e r s ,  as d e s c r ib e d  by G a r ry  ( 1 9 3 3  a ) ,  

were used f o r  d i s t e n s i o n  o f  t h e  rec tum  and anal  c a n a l ;  

examples  o f  t h e s e  a r e  shown in F i g .  2 0 .  The r e c t a l  

b a l l o o n  was made f rom  a condom which was t i e d  ove r  t h e  end 

o f  a h o l d e r  c o n s i s t i n g  o f  a t h i n  meta l  t u b e  about  s i x  inches  

long w i t h  a s e r i e s  o f  p e r f o r a t i o n s  a t  one end opening  i n t o  

t h e  c e n t r a l  c a v i t y .  The anal  cana l  b a l l o o n  was mounted
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on a s h o r t e r  m eta l  h o l d e r  which rode  o v e r  t h e  r e c t a l  

b a l l o o n  h o l d e r  so t h a t  t h e  two b a l l o o n s  were in d e p e n d e n t ly  

moveable  and c o u l d  be i n d e p e n d e n t ly  i n f l a t e d .  The p o s i t i o n  

o f  t h e  r e c t a l  b a l l o o n  c o u ld  be v a r i e d  by moving i t  t h r o u g h  

t h e  ana l  b a l I o o n  h o l d e r  so t h a t  t o  and f r o  o r  r o t a t o r y  

movement o f  t h e  r e c t a l  b a l l o o n  c o u ld  be p e r fo r m e d  w i t h o u t  

s t im u  Iu I  a t i n g  t h e  ana l  c a n a l .  When in use t h e  b a l l o o n  

h o ld e r s  were c lamped t o  t h e  meta l  rod  f ramework  which  

s u p p o r te d  t h e  animal  and t h e  b a l l o o n s  were l u b r i c a t e d  w i t h  

v a s e l i n e .  On a number o f  o c c a s io n s  soap j e l l y  was used  

f o r  t h i s  l u b r i c a t i o n  and t h i s  sub stance  was found t o  have  

an a u g m e n t a t i v e  e f f e c t  on t h e  a c t i v i t y  o f  t h e  e x t e r n a l  

ana l  s p h i n c t e r ,  which was somet imes an a d v a n t a g e .

The system used f o r  i n f l a t i n g  t h e  b a l l o o n  is  

shown in F i g .  2 4 -  A two gal Ion p e t r o l  can was used as 

an a i r  p r e s s u r e  r e s e r v o i r  and was p r e s s u r i s e d  by means o f  

hand b e l l o w s .  The r e s e r v o i r  was con nec ted  t o  t h e  two  

b a l l o o n s  i n d e p e n d e n t ly  by means o f  a s e r i e s  o f  g l a s s  t w o -  

way t a p s ,  w h i l e  a s e p a r a t e  m ercury  manometer was used t o  

measure t h e  p r e s s u r e  in  each b a l l o o n .  A r e c o r d  o f  t h e  

p r e s s u r e  w i t h i n  t h e  b a l l o o n s  was made w i t h  t h e  e l e c t r o n i c  

t r a n s d u c e r  manometer .

9■ A p p ara tu s  f o r  F i l l i n g  t h e  B la d d e r  o r  p e r f u s i n g  t h e  

Ufte thra

The u r e t h r a l  c a n n u la e  were made f rom  s i l v e r  p l a t e d  

b ra s s  and had sm ooth ly  rounded c l o s e d  ends t o  f a c i l i t a t e  

t h e i r  i n t r o d u c t i o n  ( F i g .  2 4 ) .  For  s im u l t a n e o u s  r e c o r d i n g  

o f  b l a d d e r  p r e s s u r e  and b l a d d e r  volume changes ,  t h e  c a n n u la  

used had two s e p a r a t e  c h a n n e ls  each c o n n e c t in g  w i t h  t h e  

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

d e s ig n e d  f o r  p e r f u s i o n  o f  t h e  u r e t h r a  bu t  ilib p r a c t i c e  f i n e  

po I y th e n e  tu b i  ng , open a t  t h e  end, was found t o  be more 

s a t i s f a c t o r y .  The c a n n u la  was c o n n ec ted  t o  t h e  r e s e r v o i r  

and t h e  manometer by t h i c k - w a l  led  p o l y t h e n e  t u b i n g  so t h a t  

t h e  system was o f  minimum d i s t e n s i b i  I i t y  and volume d i s ­

p l a c e m e n t .

In some o f  t h e  e a r l i e r  e x p e r i  ment s ,  a c o n s t a n t  

p r e s s u r e  d e v i c e  o f  t h e  typ e  d e s c r i b e d  by Ferguson & G arry  

( 1 9 5 4 ) ,  c o n s i s t i n g  o f  a h o r i z o n t a l  ly  mounted f l a t  s p i r a l  

o f  t u b i n g  was used f o r  del i v e r i n g  f l u i d  t o  t h e  b l a d d e r  o r  

u r e t h r a .  T h is  was l a t e r  found t o  be u n s u i t a b l e  on account  

o f  i t s  h ig h  r e s i s t a n c e  t o  f lo w  and a te n d e n c y  f o r  t h e  column  

o f  f l u i d  t o  b r e a k  up in to  s e c t i o n s .  A s i m p le  r e s e r v o i r  

made o f  p e r s p e x  was found t o  be s u i t a b l e .  I t s  d im en s io n s  

were such ,  t h a t  t h e  change in head o f  p r e s s u r e  r e s u l t i n g  

f rom t h e  f lo w  o f  f l u i d  in o r  out  was r e l a t i v e l y  sm a l l  and in  

t h e  c i r c u m s t a n c e s  q u i t e  a c c e p t a b l e .

The r e s e r v o i r  had t h r e e  open ings  ; one a t  t h e  t o p ,  

one a t  t h e  base and one a t  t h e  s i d e ,  ( F i g .  3 9 ) .  I t  was 

f i l l e d  t h r o u g h  t h e  open ing  a t  t h e  t o p  and a t  o t h e r  t i m e s  

t h i s  o p e n in g  was co n n e c te d  t o  t h e  f l o a t  volume r e c o r d e r  by 

a system o f  a i r - f i l l e d  t u b e s .  The s id e  open ing  was l e f t  

open t o  a l lo w  a i r  t o  escape  w h i le  t h e  r e s e r v o i r  was b e ing  

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

a d a p to r  w i t h  a t h r e e - w a y  ta p  was i n t e r p o s e d  in  t h e  t u b i n g  

system between t h e  r e s e r v o i r  art! t h e  volume r e c o r d e r  so t h a t  

t h e  volume o f  t h e  system c o u ld  be a d j u s t e d ,  by adding or  

w i t h d r a w in g  a i r  w i t h  a s y r i n g e .  T h is  method was a l s o

used t o  c a l i b r a t e  t h e  vo Iume—change r e c o r d s .
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The r e s e r v o i r  was mounted on t h e  c a r r i a g e  o f  a Pa lm er  s ta n d  

which c o u ld  be r a i s e d  and lowered  between 0 and 40 cm 

t o  al  low t h e  b l a d d e r  t o  f i I  I o r  em pty .  The h e i g h t  o f  t h e  

r e s e r v o i r  was r e c o r d e d  by a system o f  p u l l e y  wheels  which

o p e r a t e d  a p o t e n t i o m e t e r  co n n ec ted  across  a 4 v o l t  b a t t e r y  

s u p p l y .  T h is  a p p a r a t u s  is  shown in F i g ,  39 & F i g ,  4 0 ,

10 •  The Measurement o f  Volume Change

Changes in  t h e  volume o f  t h e  b l a d d e r  c o n t e n t s ,  o r  

t h e  t o t a l  volume o f  f l o w  a lo n g  t h e  u r e t h r a ,  were measured  

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

c e l l u l o i d  ( F i g .  2 1 ) .  F l o a t s  o f  d i f f e r e n t  c a p a c i t i e s  were  

used t o  v a r y  t h e  s e n s i t i v i t y  o f  t h e  i n s t r u m e n t .  A s i d e  

arm o f  b ra s s  w i r e  was s o l d e r e d  t o  t h e  s p i n d l e  a t  t h e  a x i s  

o f  r o t a t i o n  o f  t h e  f l o a t ,  so t h a t  movement o f  t h e  f l o a t  

caused t h e  end o f  t h i s  w i r e  t o  t r a v e l  a long  a t r o u g h  f i l l e d  

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

The c r o s s  s e c t i o n a l  a r e a  o f  t h i s  t r o u g h  was smal l  but  

u n i f o r m  and i t  was f i l l e d  w i t h  g l y c e r i n e  t o  which s a l i n e  

was added u n t i  I t h e  r e s i s t a n c e  across  t h e  cel I r eached  a 

s u i t a b l e  v a l u e  such as 20 KjTl. Two metal  e l e c t r o d e s  were  

i n s e r t e d ,  one in  each end o f  t h e  t r o u g h  and a d . c .  p o t e n t i a l  

was c o n n e c te d  a c ro s s  them from a dry  b a t t e r y .  T h is  d . c ,  

p o t e n t i a l  v a r i e d  from 2 t o  12 v o l t s  a c c o r d in g  t o  t h e  

s e n s i t i v i t y  d e s i r e d .  A IMK p o t e n t i o m e t e r  was c o n n ec ted  

across  t h e  c e l l  and t h i s  was a d j u s t e d  t o  b a la n c e  t h e  b r i d g e ,  

w h i l e  t h e  s i g n a l  was led  o f f  f rom  t h e  sweep t e r m i n a l  o f  

t h e  p o t e n t i o m e t e r .  The s e n s i t i v i t y  o f  th e  whole i n s t ru m e n t  

c o u ld  be v a r i e d  by a l t e r i n g  t h e  c a p a c i t y  o f  t h e  f l o a t ,  t h e  

voltage ac ros s  t h e  c e l l ,  o r  t h e  g a in  o f  t h e  a m p l i f i e r s  in to
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which t h e  s i g n a l  was f e d .

I I . The Measurement o f  P r e s s u r e

The p r e s s u r e s  d e v e lo p e d  w i t h i n  t h e  v i s c e r a  were  

r e c o r d e d  by means o f  an e l e c t r o n i c  t r a n s d u c e r  manometer ,  

( F i g .  22 & F i g . 2 3 ) .  The o r i g i n a l  v e r s i o n  o f  t h i s  i n s t r u ­

ment was d e s ig n e d  and b u i l t  by D r .  T . D . k .  R o b e r ts  o f  t h i s  

departme n t .

The e s s e n t i a l  component is t h e  RCA 5734 mechano-  

e l e c t r i c  t r a n s d u c e r  v a l v e  which was r i g i d l y  mounted in a 

b rass  b l o c k .  T h i s  is  a t r i o d e  which is d e s ig n e d  f o r  use 

in c o n v e r t i n g  mechanical  movement i n t o  an e l e c t r i c a l  s i g n a l .  

In t h i s  i n s t r u m e n t ,  i t  was used as a d io d e  w i t h  t h e  g r i d  

and c a t h o d e  common. The anode o f  t h e  v a l v e  i s  ex te n d e d  

as a p i n  p r o t r u d i n g  th ro u g h  the  metal  d iaphrag m  which forms  

t h e  base o f  t h e  v a l v e .  A n g u la r  d is p la c e m e n t  o f  t h i s  p i n  

produces  a change in  t h e  t o t a l  impedance o f  t h e  v a l v e .  A 

d e s i r a b l e  d e f l e c t i o n  o f  t h e  t i p  is  about  5 p ,  w h ic h ,  w i t h  

a d . c .  v o l t a g e  o f  240 v o l t s ,  g i v e s  an o u t p u t  s i g n a l  o f  6 
vo 11 s .

The i n s t r u m e n t  was c o n s t r u c t e d  by m i l l  ing a s l o t  ou t  

o f  t h e  c e n t r e  o f  a b rass  b lo c k  and t h i s  s l o t  was co n n e c te d  

by h o le s  d r i  l i e d  a t  each end o f  t h e  b l o c k ,  t o  p r o j e c t i n g  

metal  t u b i n g .  The s l o t  was c o v e r e d  by a g l a s s  d iaphragm  

c o n s i s t i n g  o f  a number one m icroscope  cog er  s i  i p ,  s e a le d  

down w i t h  s e a l i n g  wax.  The chamber so formed was f i l l e d  

w i t h  w a te r  f o r  use and t h e  t r a n s p a r e n t  c o v e r  s l i p  a l lo w e d  

any bubb les  t o  be seen and t o  be washed o u t .  The l e v e r  

c o n n e c t in g  t h e  d iaphragm t o  t h e  anode p i n  is  o f  s t i f f
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meta l  and is  t h e r m a l l y  i n s u l a t e d  by a f i b r e  s l e e v e  t o  

m in im is e  e x p a n s io n  e f f e c t s .  The RCA 5734 i s  co n n e c te d  

in a b r i d g e  c i r c u i t  which is  f i r s t  b a la n c e d  by a d j u s t i n g  

t h e  p o t e n t i o m e t e r s  and t h e  o u t p u t  i s  f e d  in to  a h igh  

impedance v o l t m e t e r ,  such as a c a t h o d e - r a y  t u b e ,  or th e  

a m p l i f i e r s  f o r  t h e  Ediswan p e n - r e c o r d e r . The h ig h  t e n s i o n  

s u p p ly ,  240 t o  300 v o l t s ,  is  d e r i v e d  f rom dry  b a t t e r i e s  and 

a 6 v o l t  t r a n s f o r m e r  is  used t o  s t e p  down t h e  mains v o l t a g e  

f o r  t h e w a l v e  h e a t e r .
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A.  REVIEW OF THE LITERATURE ON THE CENTRAL CONTROL OF 

THE ANAL SPHINCTERS AND THEIR REFLEX RESPONSES

The e a r l i e r  work on t h i s  s u b j e c t  has been 

e x t e n s i v e l y  r e v ie w e d  by G a r ry  ( 1 9 3 4  a & b )  and I have  

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

t o  t h e s e  e a r l y  p a p e r s .  There  were a l a r g e  number o f  

e a r l y  s t u d i e s  on t h e  anal s p h i n c t e r s ,  many o f  which  

d u p l i c a t e d  one a n o th e r  and added l i t t l e  t o  t h e  t o t a l  

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

g a t i o n s  were con cerned  w i t h  l o c a l i s i n g  t h e  a r e a  in t h e  

l u m b o -s a c r a l  s p i n a l  c o rd  which a c t s  as a c e n t r e  f o r  t h e  

t o n e  o f  t h e  anal s p h i n c t e r s  and as a r e f l e x  c e n t r e  f o r  

d e f a e c a t i o n .  S e v e r a l  w orkers  a ls o  d e s c r ib e d  r h y t h m ic  

c o n t r a c t i o n s  o f  t h e  anal  s p h i n c t e r s  in  a n im a ls  w i t h  

i s o l a t e d  lu m b o -s a c ra l  c o r d s .  At t h e  same t im e  a number  

o f  r e p o r t s  appeared  which sug gested  t h a t  t h e  e x t e r n a l  

s p h i n c t e r  d id  no t  show loss  o f  t o n i c i t y  nor d e g e n e r a t e  

when i t s  motor n e rv e s  were c u t  and in a d d i t i o n  i t  was 

re p u t e d  t o  be r e s i s t a n t  t o  t h e  a c t i o n  o f  C u r a r e .  As a 

r e s u l t  o f  t h e s e  r e p o r t s ,  t h e  bel i e f  a rose  t h a t  t h e  e x t e r n a l  

ana l  s p h i n c t e r  had c e r t a i n  p r o p e r t i e s  un ique  amongst th e  

s t r i a t e d  muscles o f  t h e  body.

Some o f  t h e  e a r  I i e r  w r i t e r s  made s ta t e m e n t s  about  

t h e  f u n c t i o n s  o f  t h e  anal s p h i n c t e r s  which were l a r g e l y  

u n s u b s t a n t i a t e d  by e x p e r im e n t a l  r e s u l t s .  M t f l l e r  ( 1 8 3 8 )  

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

p a r t  in  d e f a e c a t i o n ,  b e in g  f o r c e d  open by t h e  passage o f  

t h e  f a e c e s .  He a t t r i b u t e d  t h e  major  r o l e  in  t h e  p ro ce ss  

t o  t h e  abdominal muscles and t h e  d iaphrag m .  V a l e n t i n  ( 1841)
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b e l i e v e d  t h a t  t h e  smooth muscle  i n t e r n a l  s p h i n c t e r  a c t e d  

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

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

Marshal  H a l l  ( 1 8 3 6 )  was t h e  f i r s t  t o  s tu d y  t h e  

p rob lem  e x p e r i m e n t a l l y .  He found t h a t  when t h e  lumbo­

s a c r a l  c o r d  o f  t h e  t u r t l e  was i s o l a t e d ,  t h e  to n e  o f  t h e  

anal  ca n a l  rem ained  i n t a c t  and a to u ch  s t i m u l u s  a p p l i e d  

t o  t h e  p e r i - a n a l  s k i n  caused c o n t r a c t i o n  o f  t h e  anal  

s p h i n c t e r s .  In such a s p i n a l  p r e p a r a t i o n  c o n s i d e r a b l e  

p r e s s u r e  was r e q u i r e d  t o  f o r c e  f l u i d  ou tw ards  p a s t  t h e  

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

a b o l i s h e d  both  t h e  t o n e  and t h e  r e f l e x  r e s p o n s e s .  He 

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

Budge ( 1 8 5 8 )  a l s o  no ted  t h a t  t h e  to n e  o f  t h e  anal  can a l  

was dependent  on t h e  i n t e g r i t y  o f  t h e  lu m b o -s a c ra l  co rd  

and he c o n c lu d e d  t h a t  t h e  e f f e c t i v e  c e n t r e  was in t h e  lumbar  

r e g i o n .  He emphasised t h e  r o l e  o f  t h e  p e l v o - c a u d a l  muscles  

which s u r ro u n d  t h e  anal  can a l  as a u x i l i a r y  s p h i n c t e r s  and 

was a b l e  t o  s to p  t h e  f l o w  o f  w a te r  t h r o u g h  t h e  anal  cana l  

by d i r e c t  s t i m u l a t i o n  o f  t h e s e  m usc les .

By s e l e c t i v e  c u t t i n g  o f  t h e  s a c r a l  n e rv e  r o o t s  in  the  

dog G ian nuz i  & Nawrocki ( 1 8 6 3 )  l o c a l i s e d  th e  o u t f l o w  t o  

t h e  s p h i n c t e r s  t o  t h e  second and t h i r d  s a c r a l  r o o t s .  They 

r e g a r d e d  t h e  t o n e  o f  t h e  anal s p h i n c t e r s  as b e in g  o n ly  

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

f o r  t h e  anal  s p h i n c t e r s  l a y  in  t h e  caudal  p a r t  o f  t h e  f i f t h  

lumbar  segment.  They found t h a t  t h e  anal s p h i n c t e r s  c o u ld  

s u p p o r t  a p r e s s u r e  o f  40  cm H2O d u r in g  l i f e  bu t  t h i s  

r e s i s t a n c e  f e l l  t o  18 cm H2O on c u t t i n g  t h e  pudendal ne rve s
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and rem ained  a t  t h i s  l e v e l  a f t e r  t h e  d ea th  o f  t h e  a n i m a l .  

Masius (18 6 7  & 186 8 )  c o n c lu ded  t h a t  t h e  a n o - s p in a l  c e n t r e  

was s a c r a l  and he found t h a t  t r a n s e c t i o n  o f  t h e  s p in a l  

c o rd  a t  a h i g h e r  l e v e l  increased both  t h e  t o n e  and t h e  

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

G o l t z  & F re u s b e rg  ( 1 8 7 4 )  produced c h r o n i c  s p i n a l  

dogs by t r a n s e c t i o n  o f  t h e  s p i n a l  c o rd  and r e p o r t e d  con­

t r a c t i o n  o f  t h e  anus when t h e  anal mucous membrane o f  t h e s e  

a n im a ls  was s t i m u l a t e d .  k f i n g e r  i n s e r t e d  i n t o  t h e  anal  

can a l  led  t o  a s e r i e s  o f  r h y th m ic  c o n t r a c t i o n s  o f  t h e  anus 

a t  a r a t e  o f  about  t w e n t y  p e r  m in u te  and t h e s e  c o n t r a c t i o n s  

c o u ld  be i n h i b i t e d  by any nocuous s t i m u l u s .  These c h r o n ic  

s p i n a l  dogs were a b le  t o  expe l  any f o r e i g n  body which was 

i n t r o d u c e d  i n t o  t h e  re c tu m .  O t t  ( 1 8 7 9 )  d e s c r ib e d  r h y th m ic  

c o n t r a c t i o n s  s i m i l a r  t o  t h o s e  r e p o r t e d  by G o l t z  & F re u s b e rg ,  

a p p e a r in g  some hours a f t e r  h igh  s p in a l  t r a n s e c t i o n  in dogs 

and c a t s .  He l o c a l i s e d  a c e n t r e  in  th e  tha lam us  which was 

i n h i b i t o r y  t o  t h e  a n o -s p in a l  c e n t r e .

The f i r s t  c l i n i c a l  r e p o r t ,  Gowers ( 1 8 7 7 ) ,  showed 

t h a t  in  a p a t i e n t  w i t h  damage t o  th e  s a c r a l  r o o t s  t h e  

e x t e r n a l  anal s p h i n c t e r  was p a r a l y s e d  w h i l e  t h e  i n t e r n a l  

smooth muscle s p h i n c t e r  showed v a r y in g  to n e  and c o u ld  be 

r e l a x e d  by i r r i t a t i o n  o f  t h e  r e c t a l  mucosa. T h is  r e l a x a t i o n  

was sometimes f o l l o w e d  by a p e r i o d  o f  r h y th m ic  c o n t r a c t i o n s .  

U n f o r t u n a t e l y  i t  is  not  p o s s i b l e  t o  d e c id e  from t h e  

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

c a s e .

The f i n d i n g s  o f  G o l t z  & Ewald ( 1 8 9 6 )  a r e  d i f f i c u l t  

t o  e x p l a i n  and seem t o  have been r e s p o n s i b l e  f o r  many o f



6 2

t h e  s t a t e m e n t s  which appeared  s u b s e q u e n t l y ,  i m p ly in g  t h a t  

t h e  e x t e r n a l  s p h i n c t e r  had s p e c i a l  p r o p e r t i e s .  These 

w orkers  found t h a t  in  ' c o r d l e s s '  dogs,  in  which a l l  t h e  

s o m at ic  m u c u la t u r e  had a t r o p h i e d ,  t h e  s p h i n c t e r  remained  

u n d e g e n e ra te d  and s t i l l  responded t o  s t i m u l a t i o n  o f  t h e  

pudendal n e r v e .  They a l s o  found t h a t  t h e  s p h i n c t e r  co u ld  

not  be p a r a l y s e d  by C u r a r e .  They c la im e d  t h a t  d e f a e c a t i o n  

was c a r r i e d  o u t  n o r m a l ly  in t h e s e  c o r d l e s s  a n i m a l s .

The r e s u l t s  o f  A r l o i n g  b C h an tre  (1 8 9 7  b 1898)  a re  

in  many ways s i m i l a r  t o  t h o s e  o f  G o l t z  b Ewald and t h e i r  

i n v e s t i g a t i o n  was in f a c t  s t i m u l a t e d  by t h e  pap ers  o f  th e s e  

workers p u b l i s h e d  in t h e  p r e v i o u s  y e a r .  A r l o i n g  b  C h an tre  

found t h a t  d e g e n e r a t io n  o f  t h e  e x t e r n a l  anal  s p h i n c t e r  was 

minimal  a f t e r  s e c t i o n  o f  both pudendal nerves  and even  

a f t e r  an i n t e r v a l  o f  two y e a rs  t h e  muscle s t i l l  responded  

t o  s t i m u l a t i o n  t h r o u g h  t h e  s k i n .  They r e p o r t e d  t h a t  t h e  

response  o f  t h e  e x t e r n a l  s p h i n c t e r  t o  s t i m u l a t i o n  th ro u g h  

t h e  pudendal nerve  d i f f e r e d  from t h e  normal response o f  a 

s t r i a t e d  muscle t o  s t i m u l a t i o n  o f  i t s  motor  n e r v e ,  in  t h a t  

t h e  c o n t r a c t i o n  produced was slow and f e e b l e ,  t h e  c r i t i c a l  

f re q u e n c y  o f  s t i m u l a t i o n  r e q u i r e d  t o  produce a s u s t a i n e d  

t e t a n u s  was lower and t h e  l a t e n t  p e r i o d  o f  t h e  response  was 

l o n g e r .  The b e h a v io u r  o f  t h e  muscle was in f a c t ,  t h e y  

d e c id e d ,  more in k e e p in g  w i t h  t h e  p r o p e r t i e s  o f  smooth 

muscle th a n  o f  s t r i a t e d  m usc le .  D i r e c t  e l e c t r i c a l  

s t i m u l a t i o n  o f  t h e  muscle f i b r e s  t h e m s e lv e s ,  however,  

produced a t y p i c a l  s t r i a t e d  muscle r e s p o n s e .  I t  is  

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

t h e y  have not  been s u b s t a n t i a t e d  by subsequent  w o r k e r s .
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I t  is  a l s o  d i f f i c u l t  t o  e x p l a i n  t h e  r e s u l t s  o f  

E l l i o t  & B a r c l a y  Sm ith  ( 1 9 0 4 )  who r e p o r t e d  t h a t  d e s t r u c t i o n  

o f  t h e  lu m b o -s a c ra l  c o rd  in  c a t s  r e l a x e d  t h e  e x t e r n a l  

s p h i n c t e r  bu t  d i d  no t  cause loss  o f  e x c i t a b i l i t y  or a t r o p h y  

whereas t h e  same p r o c e d u r e  in  r e t s  d i d  not  even r e l a x  t h e  

anal c a n a l .  I t  seems l i k e l y  t h a t  in t h e  r a t s ,  t h e  c l o s u r e  

o f  t h e  anus was due t o  t h e  i n t e r n a l  smooth muscle s p h i n c t e r ,  

s u p p l i e d  by t h e  i n f e r i o r  m e s e n te r ic  g a n g l i a .

A f u r t h e r  group o f  anomalous f i n d i n g s  con cern  th e  

response  o f  t h e  e x t e r n a l  anal s p h i n c t e r  t o  t h e  a c t i o n  o f  

C u r a r e .  F rank l  Hochwort & F r (5 l ic h  ( 1 9 0 4 )  found t h a t  th e  

muscle had a h igh  t h r e s h o l d  t o  t h i s  s u b s ta n c e ,  b e in g  l i t t l e  

e f f e c t e d  by dose l e v e l s  which p a r a l y s e d  t h e  l imb m u s c u la t u r e .  

G o l t z  & Ewald ( 1 8 9 6 )  b e l i e v e d  i t  t o  be t o t a l l y  r e s i s t a n t ,  

as d i d  Magnus (191 I ) ,  but  on t h e  o t h e r  hand s e v e r a l  w orkers  

i n c l u d i n g  D a le  ( 1 9 0 6 )  and G ar ry  ( 1 9 3 4 a )  were a b le  t o  

produce neurom uscu Iar  b lo ck  u s in g  C u r a r e .

The i n v e s t i g a t i o n s  o f  G ar ry  (1 9 3 3  a ,  b & c and 1934 9 

on t h e  p h y s io lo g y  o f  t h e  anal  s p h i n c t e r s  a r e  t h e  f u l l e s t  

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

t h e  b e h a v io u r  o f  t h e  e x t e r n a l  anal s p h i n c t e r  w i th  r e s p e c t  

t o  t h e  e f f e c t  o f  d e n e r v a t i o n  and C u ra re  and he c o n c lu d e d  

t h a t  t h e r e  was no j u s t i f i c a t i o n  f o r  r e g a r d i n g  t h e  b e h a v io u r  

o f  t h i s  muscle as in any way u n iq u e ,  but  t h a t  i t  shou ld  

r a t h e r  be r e g a r d e d  as an ex trem e example o f  a " r e d "  m usc le .
In a d d i t i o n  he worked out  t h e  r e f l e x  b e h a v io u r  o f  t h i s  

muscle in  d e t a i l  in  a manner complementary  t o  t h e  s t u d i e s  

o f  B a r r i n g t o n  on m i c t u r i t i o n .

G ar ry  found t h a t  movement o f  a d e f l a t e d  b a l l o o n
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w i t h i n  t h e  ana l  c a n a l ,  e i t h e r  t o  and f r o  or  r o t a t o r y ,  

r e l a x e d  t h e  c an a l  and b ro u g h t  on c o n t r a c t i o n  o f  t h e  som at ic  

m u s c u la tu r e  w i t h  t h e  d ev e lo pm ent  o f  t h e  d e f a e c a t i o n  p o s t u r e .  

D i s t e n s i o n  o f  t h e  anal cana l  w i t h o u t  movement had l i t t l e  

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

w i t h o u t  caused a s e r i e s  o f  t w i t c h  l i k e  c o n t r a c t i o n s  o f  th e  

anus.  T h is  r e l a x a t i o n  o f  t h e  cana l  in response t o  movement 

w i t h i n  i t  p e r s i s t e d  a f t e r  pudendal n e rve  s e c t i o n  and 

depended on t h e  i n t e g r i t y  o f  t h e  lumbar o u t f l o w .  I t  was 

p re s u m a b ly ,  t h u s ,  a phenomenon o f  t h e  i n t e r n a l  s p h i n c t e r .  

When c o c a in e  was a p p l i e d  t o  th e  anal mucous membrane, th e  

cana l  r e l a x e d  and movement w i t h i n  i t  now caused c o n t r a c t i o n .  

G a rry  a l s o  found t h a t  d i s t e n s i o n  o f  t h e  rectum  d i d  not  

cause th e  anal cana l  t o  d i l a t e ,  whereas movement o f  a 

d e f l a t e d  b a l l o o n  w i t h i n  t h e  rectum  was a p o t e n t  s t i m u l u s .  

T h i s  response  was a b o l i s h e d  by t h e  a p p l i c a t i o n  o f  c o c a in e  

t o  t h e  r e c t a l  mucous membrane but  was s t i l l  p r e s e n t  a f t e r  

t h e  a d m i n i s t r a t i o n  o f  C u ra re  or  s e c t i o n  o f  t h e  pudendal  

n e r v e s .  He examined t h e  e x t e r n a l  anal s p h i n c t e r  h i s t o ­

l o g i c a l l y  and found t h a t  i t  was o f  t y p i c a l  " r e d "  muscle  

ap p e a ra n c e ,  w i th  f i b r e s  o f  smal l  d ia m e t e r  r i c h  in  sarcop lasm  

h a v in g  t y p i c a l  motor e n d in g s .  He found t h a t  s e c t i o n  o f  t h e  

pudendal  ne rve s  led  t o  d e g e n e r a t io n  o f  t h e  muscle f i b r e s  

b u t  t h a t  t h i s  was s lo w e r  t h a n  in most s t r i p e d  m usc les .  The 

t h r e s h o l d  t o  C u ra re  was a l s o  h ig h e r  t h a n  in l imb muscles  

b u t  no h i g h e r  th a n  in t h e  d iaphragm and he con c lu ded  t h a t  

t h e r e  was t h e r e f o r e  no j u s t i f i c a t i o n  f o r  r e g a r d i n g  t h e  

p r o p e r t i e s  o f  t h e  s t r i a t e d  e x t e r n a l  anal s p h i n c t e r  as in  

any way u n iq u e ,  as had been p r e v i o u s l y  s u g g e s te d .
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In t h e  most com prehens ive  c l i n i c a l  r e p o r t  on t h e  

s u b j e c t  y e t  p u b l i s h e d ,  Denny Brown & R ober tson  ( 1 9 3 5 )  

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

t h e  c o n t r o l  o f  d e f a e c a t i o n  in man. They r e p o r t e d  t h a t  

v o l u n t a r y  c o n t r o l  o v e r  d e f a e c a t i o n  in man depends w h o l l y  

on t h e  e x t e r n a l  s p h i n c t e r ,  t h e  i n t e r n a l  s p h i n c t e r  a c t i n g  

o n l y  in  r e c i p r o c i t y  w i t h  t h e  muscle o f  t h e  r e c tu m .  They  

c l a i m e d  t h a t  t h e  e x t e r n a l  anal s p h i n c t e r  in  s p i n a l  man d i d  

not show t o n i c  c o n t r a c t i o n  b u t  c o n t r a c t e d  r e f l e x l y  as p a r t  

o f  t h e  mass r e f l e x  and i t  a l s o  c o n t r a c t e d  r e f l e x l y  in  

syn ergy  w i th  t h e  r e s t  o f  t h e  abdominal m usc les ,  t o  r e s i s t  

a r i s e  in i n t r a - a b d o m in a l  p r e s s u r e .  T h is  r e s u l t  is  in  

c o n t r a d i c t i o n  t o  t h a t  o f  Head & Riddoch ( 1 9 1 7 )  who c la im e d  

t h a t  t h e  e x t e r n a l  anal s p h i n c t e r  was t h e  f i r s t  muscle in 

t h e  body t o  r e g a i n  i t s  to n e  on r e c o v e r y  from s p i n a l  shock .  

The e x p l a n a t i o n  o f  t h i s  d i f f e r e n c e  p r o b a b ly  l i e s  in t h e  

v a r i a b l e  i n t e r p r e t a t i o n  which can be pu t  upon t h e  r e s u l t s  

o f  m echanica l  r e c o r d i n g  methods and b a l l o o n  r e c o r d i n g  in  

p a r t i c u l a r  and s e r v e s  t o  emphasise t h e  f a c t  t h a t  i t  i s  not  

p o s s i b l e  t o  d i s e n t a n g l e  t h e  r o l e s  o f  t h e  two super im posed  

s p h i n c t e r s  by such methods.

Amongst o t h e r  c l i n i c a l  w o rk e rs ,  Gaston (1 9 4 8  a & b )  

and G o l i g h e r  & Hughes ( 1 9 5 1 )  have s t u d i e d  t h e  p h y s io lo g y  

o f  t h e  anal  s p h i n c t e r s  from t h e  p o i n t  o f  v iew  o f  t h e i r  

f u n c t i o n  in t h e  m a in tenance  o f  f a e c a l  c o n t i n e n c e .  Gaston  

found t h a t  a sudden r i s e  in  i n t r a - r e c t a l  p r e s s u r e  r e s u l t i n g  

f rom t h e  i n f l a t i o n  o f  a b a l l o o n  or  f rom t h e  passage o f  

f a e c e s  o r  f l a t u s  from t h e  c o lo n  i n t o  t h e  re c tu m ,  caused a
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c o n t r a c t i o n  o f  t h e  e x t e r n a l  anal s p h i n c t e r .  T h is  r e f l e x  

was a b s en t  in  s p i n a l  man b u t  was p r e s e n t  in  t h e  normal  

s u b j e c t  d u r i n g  s l e e p  o r  d u r in g  l i g h t  a n a e s t h e s i a .  G o l i g h e r  & 

Hughes r e p o r t e d  s i m i l a r  r e s u l t s  and c o n c lu d e d  t h a t  t h i s  was 

a r e f l e x  phenomenon o c c u r r i n g  a t  a s u b c o r t i c a l  l e v e l  and 

t h a t  i t  was i m p o r t a n t  f o r  th e  m a in tenance  o f  f a e c a l  

c o n t i n e n c e .

Kffhn ( 1 9 5 0 )  in a s tu d y  o f  t w e n t y  f i v e  men w i t h  

c h r o n i c  h ig h  s p i n a l  t r a n s e c t i o n s , found t h a t  f o u r t e e n  o f  

them were a b l e  t o  i n i t i a t e  r e f l e x  d e f a e c a t i o n  by d i g i t a l  

s t r e t c h i n g  o f  t h e  e x t e r n a l  anal s p h i n c t e r  and t h a t  t h i s  

s t r e t c h i n g  was o f t e n  a s s o c i a t e d  w i t h  some vague s e n s a t io n  

such as abdominal a c h in g  or  s w e a t in g  ove r  t h e  upper p a r t  

o f  t h e  body.  A nocuous s t im u l u s  a p p l i e d  t o  t h e  legs  o r  

g e n i t a l  a r e a  d u r in g  t h e  cou rs e  o f  r e f l e x  m i c t u r i t i o n  

caused c o n t r a c t i o n  o f  t h e  anal and u r e t h r a l  s p h i n c t e r s .

He no ted  t h a t  anal s p h i n c t e r  to n e  f e l l  d u r in g  c o n t r a c t i o n  

o f  t h e  b l a d d e r .

T h is  same i n t e r a c t i o n  between b l a d d e r  and anus was 

r e p o r t e d  by Denny Brown & Robertson  ( 1 9 3 3 ) in man and was 

i n v e s t i g a t e d  e x p e r im e n t a I  I y  by Semba, Mishima & D a te  ( 1 9 5 6 )  

in c h r o n i c  s p i n a l  dogs.  They found t h a t  t h e  r h y t h m ic  

c o n t r a c t i o n s  o f  t h e  e x t e r n a l  ana l  s p h i n c t e r  which t h e s e  

a n im a ls  showed were a b o l i s h e d  by any sudden r i s e  in  i n t r a ­

v e s i c a l  p r e s s u r e  w hether  produced by d i s t e n s i o n  or  

c om press ion  o f  t h e  b l a d d e r .  Such a r i s e  in  b l a d d e r  p r e s s u r e  

a l s o  caused i n h i b i t i o n  o f  t h e  c o l o n ,  f o l l o w e d  by a 

c o n t r a c t i o n  which o u t l a s t e d  t h e  s t im u l u s  by s e v e r a l  m in u te s .
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O n ly  a few r e p o r t s  o f  e l e c t r o m y o g r a p h i c  s t u d i e s  o f  t h e  

s t r i p e d  e x t e r n a l  ana l  s p h i n c t e r  muscle can be t r a c e d  

d e s p i t e  i t s  r e p u t e d l y  anomalous b e h a v i o u r  and i t s  r e l a t i v e  

access  i b i I i t y .

Beck ( 1 9 3 0 )  used s t e e l  n e e d le  e l e c t r o d e s  which he 

i n s e r t e d  a t  t h e  muco-cutaneous  j u n c t i o n  t o  a dep th  o f  4 mm, 

making h i s  r e c o r d i n g s  w i th  a s t r i n g  g a l v a n o m e t e r .  He 

s t u d i e d  t h e  e f f e c t s  o f  d i s t e n s i o n  o f  t h e  anal  cana l  in  

seven dogs and in one man. D u r in g  both c o n t r a c t i o n  and 

r e l a x a t i o n  o f  t h e  s p h i n c t e r ,  he found t h a t  a c t i o n  p o t e n t i a l s  

were r e c o r d e d ,  b u t  when t h e  muscle f i b r e s  rem ained  a t  

c o n s t a n t  l e n g t h  t h e  a c t i o n  c u r r e n t s  g r a d u a l l y  sub s id ed  and 

somet imes c o m p l e t e l y  d is a p p e a r e d .  These f i n d i n g s  he 

i n t e r p r e t e d  as an example  o f  a t r u e  r a t c h e t  tone  mechanism.  

I t  i s  d i f f i c u l t  t o  i n t e r p r e t  B e ck 's  r e s u l t s  in  te rm s  o f  

t h e  modern c o n cep t  o f  s t r i a t e d  muscle f u n c t i o n .

Newman ( 1 9 4 9 )  r e c o r d e d  e l e c t r i c a l l y  f rom t h e  

e x t e r n a l  s p h i n c t e r s  o f  t h e  anus and u r e t h r a  in u n a n a e s th ­

e t i s e d  women, u s in g  c o n c e n t r i c  n ee d le  e l e c t r o d e s .  He 

found t h a t  t h e r e  was no e l e c t r i c a l  a c t i v i t y  in e i t h e r  muscle  

when t h e  s u b j e c t  was a t  r e s t .  Coughing,  o r  a t te m p ts  t o  

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

a n t e r i o r  abdominal  w a l l  m usc les ,  o r  v o l u n t a r y  c o n t r a c t i o n  

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

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

produced by t h e  o b s e r v e r  d i d  not  do so .  A t te m p ts  t o  v o id  

were p re c e d e d  by t w i t c h e s  o f  both  s p h i n c t e r s .  The 

e I e c t r o m y o g r a p h ic  r e c o r d s  which a r e  in c lu d e d  in h i s  p a p e r
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show o n l y  s low b a s e - l i n e  s h i f t s  w i t h  no d i s c r e t e  a c t i o n  

p o t e n t i a l s .  D e t a i l s  o f  t h e  equ ipm ent  and t h e  method o f  

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

whole a r e  d i f f i c u l t  t o  e v a l u a t e *  The p a p e r  o f  F lo yd  & 

W a l ls  ( 1 9 5 3 )  i s  more i m p re s s iv e  th a n  e i t h e r  o f  t h e  two  

p r e v i o u s l y  d e s c r i b e d .  They s t u d i e d  seven human s u b j e c t s  

u s in g  s u r f a c e  e l e c t r o d e s  a p p l i e d  t o  t h e  p e r i - a n a l  s k i n .

The e x t e r n a l  s p h i n c t e r  showed a t o n i c  d is c h a r g e  t h r o u g h o u t  

t h e  waking h o u rs ,  which became minimal  d u r i n g  t h e  hours o f  

s l e e p .  R a is e d  i n t r a - a b d o m i n a l  p r e s s u r e  was a lw ays  accom­

p a n ie d  by an in c r e a s e d  d i s c h a r g e ,  e x c e p t  when t h i s  was 

a s s o c i a t e d  w i t h  an e f f o r t  a t  d e f a e c a t i o n ,  in  which c i r c u m ­

s ta n c e  s p h i n c t e r  to n e  was re d u c e d .

Kawakami ( 1 9 5 4 )  s t u d i e d  human s u b j e c t s  under  l i g h t  

n a r c o s i s  u s in g  n e e d le  e l e c t r o d e s .  L ik e  F loyd  & W a l l s ,  

he found  a c o n t i n u o u s  low f re q u e n c y  e l e c t r i c a l  a c t i v i t y  

in  t h e  m u s c le .  T h i s  c o u ld  be reduced by  a co n s c io u s  

a t t e m p t  a t  d e f a e c a t i o n ;  q u i t e  e a s i l y  i f  t h e  rec tum  was 

f u l l ,  b u t  o n l y  w i th  d i f f i c u l t y  i f  i t  was empty .  He found  

t h a t  t h e  t o n i c  d is c h a r g e  co u ld  be r e f l e x l y  m o d i f i e d  by 

v a r i o u s  p r o c e d u r e s ,  such as cu taneous  r e f l e x e s  from t h e  

s k i n  o f  t h e  pe r ineum  and a n t e r i o r  abdominal w a l l .

B is h o p ,  who worked a long w i t h  me in 1956,  has 

p u b l i s h e d  a f u r t h e r  pap er  on t h i s  s u b j e c t  s i n c e  he r  r e t u r n  

t o  t h e  U n i t e d  S t a t e s .  (B ishop  1 9 5 9 ) .  She f i n d s  t h a t  t h e  

i n g o in g  f i b r e s  which a r e  r e s p o n s i b l e  f o r  t h e  t o n i c  motor  

a c t i v i t y ,  a lm os t  a l l  pass in  by S 2 *d o r s a l  r o o t ,  whereas t h e  

in g o in g  f i b r e s  r e s p o n s i b l e  f o r  p h a s ic  a c t i v i t y  pass in  by 

a l l  t h r e e  s a c r a l  d o r s a l  r o o t s .  V a r i a t i o n s  in  t h e  osm ot ic
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r a n g e ,  i n f l u e n c e  t h e  l e v e l  o f  e x t e r n a l  ana l  s p h i n c t e r  t o n e .

I t  can be seen f rom t h e  f o r e g o i n g  r e v i e w  t h a t  our  

knowledge o f  t h e  r e f l e x  b e h a v io u r  o f  t h e  anal s p h i n c t e r s  is  

d e r i v e d  f rom  a l a r g e  number o f  o b s e r v a t i o n s ,  both e x p e r i m e n t ­

al  and c l i n i c a l ,  in which m echan ica l  r e c o r d i n g  t e c h n i q u e s  

were u s e d .  Those e l e c t r o m y o g r a p h ic  s t u d i e s  which have so 

f a r  been publ ished  have been l i m i t e d  in scope and a f u l l  

e I ectromyograp|f i  ic  s tudy  o f  t h e  b e h a v io u r  o f  t h e  e x t e r n a l  

s p h i n c t e r  has not y e t  been r e p o r t e d .
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B . DISSECTION AND ARRANGEMENT OF EQUIPMENT FOR

ELECTROMYOGRAPHY OF THE EXTERNAL ANAL SPHINCTER

The c a t  was p l a c e d  on i t s  s i d e  or  in  a few cases  

was s u p p o r te d  u p r i g h t  in  a system o f  b ra s s  rods and t h e  

h a i r  was shaved from t h e  p e r i - a n a I  r e g i o n .  A v e r t i c a l  

s k i n  i n c i s i o n  was th e n  made one inch l a t e r a l  t o  t h e  anus 

and concave  to w a rd s  i t  and t h e  s k i n  was r e f l e c t e d  inwards  

t a k i n g  c a r e  t o  p r e s e r v e  cu taneous  n e rv e  t w i g s .  The 

i s c h i o - r e c t a I  pad o f  f a t  was t h e n  c a r e f u l l y  removed l e a v i n g  

t h e  b o u n d a r ie s  o f  t h e  muscle  and t h e  s u r r o u n d in g  s t r u c t u r e s  

c l e a r l y  exp osed .  The s k i n  edges formed a pool o v e r  t h e  

exposed muscle which was f i l l e d  w i t h  warm l i q u i d  p a r a f f i n .  

The r e c o r d i n g  e l e c t r o d e s  were p l a c e d  so t h a t  t h e i r  p o i n t s  

were r e s t i n g  l i g h t l y  on t h e  s u r f a c e  o f  t h e  s p h i n c t e r .

For i n v e s t i g a t i n g  t h e  r e f l e x e s ,  t h e  r e c t a l  and anal  

c a n a l  b a l l o o n s  were i n s e r t e d  e i t h e r  th ro u g h  t h e  anal  cana l  

or  t h r o u g h  a c o lo s to m y  opening  and were co n n e c te d  t o  t h e  

p r e s s u r e  r e s e r v o i r  and t o  t h e  m ercury  and e l e c t r o n i c  

manometers .  In t h e  e a r l i e r  e x p e r im e n t s  no p r e s s u r e  

r e s e r v o i r  was used and t h e  b a l l o o n s  were i n f l a t e d  d i r e c t l y  

by hand b e l l o w s .  A l l  t h e  s i g n a l s  were d i s p l a y e d  on t h e  

Ediswan pen—r e c o r d e r . A d iagram  o f  t h e  a r ran g e m en t  is

shown in  F i g .  24■
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C.  EXPERIMENTAL RESULTS

I . Tone in  t h e  E x t e r n a l  Anal S p h in c te r

VJith t h e  e x c e p t i o n  o f  one an imal  in which t h e  anal

g la n d s  were i n f e c t e d  and t h e  e x t e r n a l  s p h i n c t e r  was b a r e l y  

v i s i b l e ,  a s t e a d y  t o n i c  d is c h a r g e  c o u ld  a lways  be r e c o r d e d  

f rom  t h e  s u r f a c e  o f  t h e  muscle in  t h e  d e c e r e b r a t e  c a t  when 

t h e  an imal  was a t  r e s t  and t h e  anal  can a l  was em pty .  T h is  

to n e  p e r s i s t e d  t h r o u g h o u t  t h e  d u r a t i o n  o f  each e x p e r im e n t  

and showed no s ig n  o f  waning w i t h  t i m e .  In a few cases  

s l i g h t  t w i t c h i n g  o f  t h e  muscle was v i s i b l e ,  bu t  t y p i c a l l y  

no s i g n  o f  a c t i v i t y  c o u ld  be seen w i t h  t h e  naked eye ,  

a l th o u g h  t h e  anal  can a l  was h e ld  c l o s e d .  With  t h e  p o i n t s  

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

o f  t h e  muscle  and a r r a n g e d  so t h a t  t h e  t i p s  were p a r a l l e l  

t o  t h e  g e n e r a l  l i n e  o f  t h e  muscle f i b r e s ,  i t  was o f t e n  

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

( F i g .  2 5 k ) m Such a u n i t  would d is c h a r g e  r e g u l a r l y  a t  a 

f r e q u e n c y  o f  about  12 impulses  p e r  second,  f o r  a p e r i o d  o f  

s e v e r a l  seconds or  m in u tes  a t  a t im e  and would o f t e n  

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

T h i s  b e h a v i o u r  su g g es ts  t h a t  some form o f  r o t a t i o n  o f  motor  

u n i t s  t a k e s  p l a c e .

A s i n g l e  u n i t  o f  t h i s  s o r t  would respond t o  an 

a u g m e n ta t i v e  s t i m u l u s  w i t h  an i n c r e a s e  in d is c h a r g e  

f r e q u e n c y  up t o  a v a l u e  o f  about  30 impulses p e r  second.  

V a r i a t i o n s  in  t h e  d i s c h a r g e  f re q u e n c y  o f  s i n g l e  u n i t s  d i d  

n o t ,  how ever ,  g i v e  a f a i t h f u l  p i c t u r e  o f  changes in  t h e  

a c t i v i t y  o f  t h e  m usc le ,  s i n c e  t h e  d i s c h a r g e  was in c r e a s e d
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p r i n c i p a l l y  by r e c r u i t m e n t  o f  a d d i t i o n a l  motor u n i t s .

These same two f a c t o r s ,  changes in  t h e  number o f  a c t i v e  

u n i t s  and changes in  t h e  d i s c h a r g e  f r e q u e n c y  o f  i n d i v i d u a l  

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

accompanies i n h i b i t i o n  o f  t h e  m usc le .  They a r e  w e l l  shown 

in  F i g .  29 where i n h i b i t i o n  o f  t h e  r e s t i n g  d i s c h a r g e  was 

produced g r a d u a l l y .

In  g e n e r a l ,  however ,  no a t t e m p t  was made t o  r e c o r d  

f rom s i n g l e  u n i t s .  A more u s e fu l  i n d i c a t i o n  o f  a c t i v i t y  

was o b t a i n e d  by h a v in g  t h e  e l e c t r o d e  t i p s  some 3 mm a p a r t  

and r e c o r d i n g  t h e  combined d i s c h a r g e  o f  s e v e r a l  motor u n i t s .  

F i g .  25B is  an example  o f  a r e s t i n g  t o n i c  d is c h a r g e  r e c o r d e d  

in  t h i s  way. When t h e  p e n - r e c o r d e r  is  used a t  t h e  lower  

pap er  speeds ,  i n d i v i d u a l  s p ik e s  a r e  not  d i s t i n g u i s h a b l e  from  

one a n o t h e r .  V a r i a t i o n  in o v e r a l l  a m p l i t u d e  r a t h e r  th a n  

v a r i a t i o n  in f r e q u e n c y  is  shown in t h e  pen r e c o r d s  and t h i s  

was found t o  be t h e  most u s e fu l  i n d i c a t i o n  o f  t h e  changes  

in  muscle a c t i v i t y  which o c c u r re d  in t h e  r e f l e x  e x p e r i m e n t s .  

On t h e  o t h e r  hand,  com parison  o f  t h e  l e v e l  o f  s p h i n c t e r  to n e  

o v e r  long p e r i o d s  o f  t i m e  is  d i f f i c u l t  by t h i s  method,  

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

t h e  same e l e c t r o d e  p lacem en t  cannot  u s u a l l y  be m a i n t a in e d  

i f  o p e r a t i v e  p r o c e d u r e s  a r e  be ing  c a r r i e d  o u t .

W ith  t h i s  r e s e r v a t i o n ,  t h e r e  was n o t i c e d  a s l i g h t  

b u t  d e f i n i t e  in c r e a s e  in  r e s t i n g  s p h i n c t e r  d is c h a r g e  a f t e r  

d e s t r u c t i o n  o f  t h e  lumbar s y m p a th e t ic  o u t f l o w  and a f t e r  

t r a n s e c t i o n  o f  t h e  s p i n a l  c o rd  a t  t h e  lower t h o r a c i c  l e v e l .  

The t o n e  rem ained  a t  an unchanged l e v e l  a f t e r  s e c t i o n  o f  

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

pudendal n e rv e s  had been c u t .
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S p in a l  a n a e s t h e s i a  o f  t h e  I um bo-sacra l  c o rd  w i t h  

I % p r o c a i n e  h y d r o c h l o r i d e  s o l u t i o n ,  i n j e c t e d  i n t r a - t h e c a I  Iy  

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

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

somewhat l a t e r  t h a n  d i d  t h e  knee j e r k .  F u l l  g e n e r a l  

a n a e s t h e s i a  w i t h  e t h e r  or  w i t h  i n t r a - v e n o u s  P e n t o b a r b i t o n e  

a l s o  a b o l i s h e d  t h e  a c t i v i t y  bu t  t h e  a p p l i c a t i o n  o f  a 5% 

Cocaine  s o l u t i o n  or  a 4% X y lo c a in e  s o l u t i o n  t o  t h e  mucous 

membrane o f  t h e  c o l o n ,  or  o f  t h e  anal c a n a l ,  d i d  n o t  a l t e r  

t h e  l e v e l  o f  t h e  t o n i c  a c t i v i t y  o f  t h e  e x t e r n a l  anal  

sph i n c t e r .

2 .  A u g m e n ta t io n  o f  t h e  T o n ic  D i s c h a r g e .

S t r o k i n g  o r  p i n c h i n g  t h e  p e r i - a n a l  s k i n  o r  t h e  

v i s i b l e  p a r t  o f  t h e  anal mucous membrane caused a sharp  

b u r s t  o f  a c t i v i t y  which was v i s i b l e  t o  t h e  naked eye as 

a t w i t c h  o f  t h e  muscle ( F i g .  2 6 ) .  T h is  r e f l e x ,  known as 

t h e  anal  r e f l e x ,  is  p r e s e n t  in man and is  used in r o u t i n e  

n e u r o l o g i c a l  e x a m in a t i o n  as a t e s t  o f  t h e  i n t e g r i t y  o f  t h e  

s a c r a l  r o o t s  and t h e  s a c r a l  s p i n a l  c o r d .  An a t t e m p t  t o  

i n s e r t  a c o t t o n  wool b o lu s  or  a b l u n t  in s t ru m e n t  i n t o  t h e  

anal c a n a l  f rom  t h e  e x t e r i o r ,  caused a s t r o n g  c o n t r a c t i o n  

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

by a p e r i o d  o f  reduced d is c h a r g e  w h i l e  th e  o b j e c t  t r a v e r s e d  

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

e s t a b l i s h e d  ( F i g .  2 8 ) .  Both t h e s e  r e f l e x e s  were p r e s e n t  

a f t e r  s e c t i o n  o f  t h e  s p i n a l  cord  a t  t h e  lower  t h o r a c i c  

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

o f  t h e  lumbar s y m p a th e t ic  o u t f l o w .
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The i n f l a t i o n  o f  a b a l l o o n  w i t h i n  t h e  anal  cana l  

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

s p h i n c t e r  and a t  t h e  same t im e  t h e  animal  assumed t h e  

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

t a i l ,  a r c h i n g  o f  t h e  back and c o n t r a c t i o n  o f  o t h e r  so m at ic  

m uscles t o  a s s i s t  in  t h e  e x p u ls io n  o f  t h e  b a l l o o n  t o  t h e  

e x t e r i o r .  I t  was im p o s s ib le  t o  keep a b a l l o o n  i n f l a t e d  

w i t h i n  t h e  anal  c a n a l  f o r  more th a n  a few seconds under  

t h e s e  c i r c u m s t a n c e s  and t h e  movement in v o lv e d  c o m p l i c a t e d  

t h e  p r o c e s s  o f  r e c o r d i n g  f rom t h e  s p h i n c t e r .  Movement 

o f  a d e f l a t e d  b a l l o o n  w i t h i n  t h e  anal cana l  caused an 

in c r e a s e d  d i s c h a r g e  but  w i th  less  te n d e n c y  f o r  o t h e r  

s o m a t ic  muscles t o  be i n v o l v e d .  In some cases t h e  back ­

ground d i s c h a r g e  seemed t o  be reduced f o r  s h o r t  p e r i o d s  

b u t  no s u s t a i n e d  r e d u c t i o n  o f  a c t i v i t y  was seen,  t h e  response  

b e in g  p r i m a r i l y  a u g m e n t a t i v e .  S t r e t c h i n g  o f  th e  s p h i n c t e r  

m uscle ,  w i t h o u t  s i m u l t a n e o u s l y  s t i m u l a t i n g  t h e  mucous 

membrane, was produced by d o r s i f l e x i n g  t h e  t a i l  t o  which  

t h e  p o s t e r i o r  p a r t  o f  t h e  muscle is  a t t a c h e d  or  more 

e l e g a n t l y  by i n s e r t i n g  s u t u r e s  i n t o  t h e  most a n t e r i o r  and 

p o s t e r i o r  p a r t s  o f  t h e  muscle r i n g  and a p p l y i n g  t r a c t i o n  

t o  th e m .  These p r o c e d u r e s  caused a s u s t a i n e d  b u t  r e g u l a r  

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

s o m a t ic  m u s c le s .

In many c a s e s ,  i n f l a t i o n  o f  a b a l l o o n  w i t h i n  t h e  

c o lo n  caused a d i s t i n c t  i n c r e a s e  in t h e  d is c h a r g e  f rom t h e  

s p h i n c t e r  b e f o r e  i n h i b i t i o n  de v e lo p e d  ( F i g .  3 2 )  and t h e r e  

was e v id e n c e  a l s o  t h a t  s u r f a c e  r e c e p t o r s  in  t h e  c o l o n i c  

mucosa c o u ld  i n f l u e n c e  t h e  le v e l  o f  t h e  d i s c h a r g e .  Thus 

t h e  a p p l i c a t i o n  o f  an i r r i t a n t  su b stance  t o  t h e  mucous
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membrane o f  t h e  c o lo n  o r  ana l  can a l  -  t h e  soap s o l u t i o n  

used t o  l u b r i c a t e  t h e  b a l l o o n s  in  some o f  t h e  e a r l i e r  

e x p e r im e n t s  -  caused a s u s t a i n e d  in c r e a s e  in  t h e  t o n i c  

d i s c h a r g e  t o  t h e  m u s c le .

A nocuous cu ta n e o u s  s t im u l u s  a p p l i e d  t o  t h e  l imbs  

o r  e ls e w h e r e  caused a b r i e f  b u r s t  o f  a c t i v i t y  in t h e  

s p h i n c t e r .  T h is  response  was more marked i f  t h e  s i t e  o f  

s t i m u l a t i o n  was n e a r  t o  t h e  p e r in e u m .  R a is i n g  th e  i n t r a ­

abdominal  p r e s s u r e  by p r e s s in g  ove r  t h e  a n t e r i o r  abdominal  

w a l l  or  by o b s t r u c t i n g  t h e  t r a c h e a l  c a n n u la  a t  t h e  h e i g h t  

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

a g a i n s t  r e s i s t a n c e ,  caused an i n c r e a s e  in t h e  d i s c h a r g e .

3■ I n h i b i t i o n  o f  t h e  Tonic  D ischarge

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

t h e  c o l o n  w i t h  a i r  t h r o u g h  a c o lo s to m y .  T h is  p ro c e d u re  

i s  f r e e  f rom some o f  t h e  o b j e c t i o n s  which might  be r a i s e d  

a g a i n s t  t h e  i n t r o d u c t i o n  o f  b a l l o o n s  but  does not  a l l o w  

t h e  e f f e c t s  o f  d i f f e r e n t  p r e s s u r e s  or  t h e  e f f e c t s  o f  

d i s t e n s i o n  a t  d i f f e r e n t  s i t e s  t o  be i n v e s t i g a t e d .  D i s t e n s i o n  

o f  a b a l l o o n  w i t h i n  t h e  co lo n  reduced t h e  d is c h a r g e  or  

a b o l i s h e d  i t  c o m p l e t e l y ,  depending on t h e  p r e s s u r e  used 

( F i g s .  30 and 3 1 ) -  D u r ing  t h e  p e r i o d  t h a t  t h e  b a l l o o n  

rem ained  i n f l a t e d  w i t h i n  t h e  c o l o n ,  r e f l e x e s  which n o r m a l ly  

produced an i n c r e a s e  in t h e  d i s c h a r g e ,  such as t h e  anal  

r e f l e x ,  were a b s e n t .  The b a l l o o n s  were in t r o d u c e d  e i t h e r  

t h r o u g h  t h e  anus or  th ro u g h  a co los tom y opening in  t h e  

c a e c a l  r e g i o n .  When t h e  b a l l o o n  was d e f l a t e d  t h e  p e r i o d  

o f  i n h i b i t i o n  o f  t h e  d is c h a r g e  ended i m m e d ia te ly  and t h e r e  

was o f t e n  a b u r s t  o f  i n c r e a s e d  s p h i n c t e r  a c t i v i t y .  T h i s
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' r e b o u n d '  phenomenon was a c o n s t a n t  f e a t u r e  o f  t h e  response  

a f t e r  l i g a t i o n  o f  t h e  s p i n a l  c o rd  above t h e  lumbar r e g i o n .  

( F i g .  3 6 ) .

The p o s i t i o n  o f  t h e  b a l l o o n  was im p o r ta n t  in  

d e t e r m i n i n g  t h e  n a t u r e  o f  t h e  response  t o  d i s t e n s i o n .  

I n h i b i t i o n  was most e a s i l y  produced by d i s t e n s i o n  o f  th e  

d i s t a l  c o lo n  b u t  in  most c a t s  d i s t e n s i o n  as f a r  c r a n i a l  as 

t h e  caecum was e f f e c t i v e  a l th o u g h  u s u a l l y  a h i g h e r  p r e s s u r e  

was needed in t h e  c r a n i a l  r e g i o n .  The a c t u a l  l e v e l  o f  

p r e s s u r e  needed t o  produce  com ple te  s i l e n c e  in t h e  s p h i n c t e r  

v a r i e d  between 10 and 80 mm Hg, bu t  a c c u r a t e  measurement o f  

t h e  e f f e c t i v e  p r e s s u r e  was made d i f f i c u l t  by t h e  f a c t  t h a t  

in  many cases  a c t i v e  c o n t r a c t i o n  o f  t h e  co lo n  w a l l  to o k  

p l a c e  as a r e f l e x  response  t o  d i s t e n s i o n .  When t h e  b a l l o o n  

was i n f l a t e d  f rom  t h e  p r e s s u r e  r e s e r v o i r ,  as in th e  l a t e r  

e x p e r im e n t s ,  and t h e  t a p  t o  t h e  r e s e r v o i r  was th e n  c l o s e d ,  

t h e  e f f e c t  o f  t h i s  r e f l e x  c o n t r a c t i o n  co u ld  be seen as a 

p r e s s u r e  r i s e  super imposed upon t h e  r e s e r v o i r  p r e s s u r e .

A c t i v e  c o n t r a c t i o n  produced in t h i s  way was a more e f f e c t i v e  

s t i m u l u s  t o  s p h i n c t e r  i n h i b i t i o n  th an  was p a s s iv e  d i s t e n s i o n .  

Thus,  a l th o u g h  i t  was d i f f i c u l t  t o  o b t a i n  an a c c u r a t e  v a lu e  

f o r  t h e  p r e s s u r e  r e q u i r e d  t o  produce c o m p le te  s i l e n c e  in t h e  

e x t e r n a l  s p h i n c t e r ,  i t  was found t h a t  a lower p r e s s u r e  was 

n e c e s s a ry  t o  produce i n h i b i t i o n  when a p p l i e d  t o  th e  anal  end 

o f  t h e  c o lo n  than  when a p p l i e d  t o  t h e  ca e c a l  end, and 

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

than w i t h  a s m a l l e r  one .  I t  was a l s o  found t h a t  a lower  

i n t r a - c o l o n i c  p r e s s u r e  was e f f e c t i v e  a f t e r  d e s t r u c t i o n  o f  

t h e  lumbar s y m p a th e t ic  o u t f l o w .  The r a t e  o f  a p p l i c a t i o n  

o f  t h e  d i s t e n s i o n  d i d  no t  seem t o  be a s i g n i f i c a n t  f a c t o r
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in d e te rm i  ni  ng t h e  respo nse  o f  t h e  e x t e r n a l  s p h i n c t e r .

D i s t e n s i o n  o f  t h e  c o lo n  was n o t  a s s o c i a t e d  w i t h  

t h e  s o m a t ic  s p re a d  o f  a c t i v i t y  t o  I im b  and t a i l  muscles  

which make up t h e  c o m p le te  d e f a e c a t i o n  r e s p o n s e ,  u n le s s  

p a r t  o f  t h e  b a l l o o n  l a y  w i t h i n  t h e  anal c a n a l .  I f  t h e

b a l l o o n  l a y  e n t i r e l y  w i t h i n  t h e  c o lo n  i t  c o u ld  be m a i n t a in e d

d is t e n d e d  f o r  p e r i o d s  o f  o v e r  two m in u tes  and i n h i b i t i o n  o f  

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

a c t i v i t y  g r a d u a l l y  r e t u r n e d  t o  t h e  s p h i n c t e r  ( F i g .  3 4 ) ,  or  

a ' d e f a e c a t i o n '  respo nse  s e t  in ( F i g .  2 9 ) .  When t h e  c o lo n  

was d i s t e n d e d  t o  a p r e s s u r e  j u s t  above t h a t  n e c essa ry  to  

produce  i n h i b i t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r  and was m ain ­

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

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

muscle o v e r  a p e r i o d  o f  m inutes  ( F i g .  3 4 ) .  I f  t h e  

p r e s s u r e  was s i g n i f i c a n t l y  above t h i s  le v e l  t h e  d i s c h a r g e  

d i d  not  r e a p p e a r  and t h e  usual  t e r m i n a t i o n  was t h e  e x p u l s i o n  

o f  t h e  b a l l o o n  t h r o u g h  t h e  anal c a n a l .  As t h e b a l l o o n  

t r a v e r s e d  t h e  anal  canal  t h e  d e f a e c a t i o n  p o s tu r e  a l r e a d y  

d e s c r ib e d  was assumed and t h e  r e t u r n  o f  a c t i v i t y  t o  t h e  

s p h i n c t e r  was p re c e d e d  by rh y th m ic  c o n t r a c t i o n s  o f  t h e  

muscle ( F i g .  2 4 ) .  On r a r e  o c c a s io n s  r e c o r d s  were o b t a i n e d  

f rom t h e  s p h i n c t e r  d u r i n g  spontaneous normal d e f a e c a t i o n  in  

t h e  absence o f  b a l l o o n s  and showed a s i m i l a r  p a t t e r n  o f

r e s p o n s e .  Towards t h e  end o f  t h e  a c t ,  as t h e  fa e c e s  were

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

w i t h  p e r i o d s  o f  s t r o n g  c o n t r a c t i o n  o f  t h e  m usc le .

S im p le  d i s t e n s i o n  o f  t h e  c o lo n  was not  t h e  o n l y  

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

swab t i e d  o v e r  a b a l l o o n  h o l d e r  w i t h i n  t h e  c o lo n  led t o  

i n h i b i t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r  ( F i g .  3 3 ) .  No means 

o f  r e c o r d i n g  o r  o f  m eas ur ing  such movement was d e v e lo p e d .  

Even under  t h e s e  c i r c u m s t a n c e s ,  however,  i t  is  p o s s i b l e  

t h a t  some t e n s i o n  may have d ev e lo ped  in t h e  w a l l  o f  t h e  

c o l o n ,  s i n c e  t h e  c o lo n  c o u ld  be f e l t  t o  c o n t r a c t  and g r i p  

t h e  b a l l o o n  h o l d e r  as t h e  movement was c a r r i e d  o u t .

I t  was no ted  t h a t  com ple te  i n h i b i t i o n  o f  anal  

s p h i n c t e r  d i s c h a r g e  accompanied spontaneous m i c t u r i t i o n .

To i n v e s t i g a t e  t h i s  e f f e c t ,  s im u l ta n e o u s  r e c o r d i n g s  were  

t a k e n  from t h e  anal  and u r e t h r a l  s p h i n c t e r s  in a number 

o f  c a t s .  I t  was found t h a t  e i t h e r  d i s t e n s i o n  o f  t h e  co lon  

w i t h  a b a l l o o n  or  d i s t e n s i o n  o f  t h e  b la d d e r  w i th  f l u i d  

c o u ld  i n h i b i t  bo th  s p h i n c t e r s  ( F i g s .  35 & 5 4 )  and t h e r e  was 

n o  d e t e c t a b l e  d i f f e r e n c e  between t h e  two s p h i n c t e r s  e i t h e r  

in  t h e  p r e s s u r e  t h r e s h o l d  ne c e s s a ry  t o  produce a response  

o r  in  th e  l a t e n c y  o f  t h e  responses  -  th e  s p h i n c t e r s  behaved  

as though t h e y  were p a r t  o f  t h e  same muscle mass. No 

a t t e m p t  was made t o  r e c o r d  i n t r a - c o l o n i c  p r e s s u r e s  d u r in g  

d i s t e n s i o n  o f  t h e  b l a d d e r  bu t  i t  was noted  t h a t  w h i l e  t h e  

c o lo n  was b e in g  d is t e n d e d  w i t h  a b a l l o o n  a s l i g h t  r i s e  in  

b l a d d e r  p r e s s u r e  o c c u r r e d ,  which was due t o  th e  b a l l o o n  in  

t h e  c o lo n  p r e s s i n g  on t h e  b l a d d e r .  On no occ as io n  was 

c o n t r a c t i o n  o f  t h e  b l a d d e r  see n .

A f t e r  t h e  a p p l i c a t i o n  o f  a 5% s o l u t i o n  o f  c o c a in e  

hyd ro ch I  o r i d e  t o  t h e  mucous membrane o f  t h e  c o l o n ,  t h e  

d i s c h a r g e  f rom t h e  s p h i n c t e r  was u n a f f e c t e d  bu t  i t  was no 

lo n g e r  p o s s i b l e  t o  i n h i b i t  i t  e i t h e r  by i n f l a t i o n  o f  a
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b a l l o o n  o r  by movement o f  a b a l l o o n  w i t h i n  t h e  c o l o n .  I t  

was n o t  fo u n d  p o s s i b l e  t o  remove one o f  t h e  i n h i b i t o r y  

respo nses  and t o  l e a v e  t h e  o t h e r  one i n t a c t  by a p p l y i n g  

c o c a i n e ,  bu t  i t  was n o te d  t h a t  c o m p le te  i n h i b i t i o n  o f  t h e  

anal  s p h i n c t e r  s t i l l  accompanied spontaneous m i c t u r i t i o n .

In  no case  was t h e r e  a s u g g e s t io n  o f  any c e n t r a l  e f f e c t s  

due t o  a b s o r p t i o n  o f  c o c a in e  and th e  pudendal nerve  

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

4 .  The Nervous Pa ths

I s o l a t i o n  o f  t h e  I um bo-sacra l  p a r t  o f  th e  s p i n a l  

co rd  by e x t r a - d u r a l  l i g a t i o n  a t  or  above t h e  le v e l  o f  L2,  

d i d  not  im p a i r  t h e  t o n i c  a c t i v i t y  o f  t h e  e x t e r n a l  s p h i n c t e r  

muscle which was r e c o r d a b l e  as soon as t h e  e t h e r  anaes ­

t h e s i a  had worn o f f  and as soon as t h e  knee j e r k  had 

r e t u r n e d .  In most cases t h e  t o n i c  a c t i v i t y  o f  t h e  

s p h i n c t e r  seemed t o  be somewhat in c re a s e d  a f t e r  such 

i n t e r r u p t i o n  of  t h e  cord  and in some cases t h e  spontaneous  

r h y th m ic  c o n t r a c t i o n s  o f  t h e  e x t e r n a l  s p h i n c t e r  d e s c r ib e d  

by s e v e r a l  o f  t h e  e a r l y  w orkers  were seen ( F i g .  3 7 ) .  The 

d i s c h a r g e  c o u ld  be i n h i b i t e d  as b e f o r e  and a rebound phase  

o f  p o s t - i n h i b i t o r y  a c t i v i t y  was f r e q u e n t l y  seen ( F i g .  3 6 ) .

D e s t r u c t i o n  o f  t h e  lumbar s y m p a th e t ic  o u t f l o w  l e f t  

t h e  t o n i c  d i s c h a r g e  u n im p a i r e d  and in most cases i t  seemed 

t o  be enh anced .  T h is  t o n i c  d is c h a r g e  t o  t h e  e x t e r n a l  

s p h i n c t e r  c o u ld  s t i l l  be i n h i b i t e d  by d i s t e n s i o n  o f  t h e  

c o lo n  and a t  a lower  p r e s s u r e  th a n  b e f o r e .

A f t e r  d i v i s i o n  o f  t h e  p e l v i c  ne rve s  t h e  d is c h a rg e  

was unchanged in a m p l i t u d e  but  d i s t e n s i o n  and movement 

w i t h i n  t h e  c o lo n  were now i n e f f e c t i v e  even w i t h  d i s t e n d i n g
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p re s su re s  o f  over 100 mm Hg ( F i g .  3 8 ) .  In one c a t ,  

d is te n s io n  rem ained e f f e c t i v e  and ex am in a tio n  showed 

a sm all tw ig  o f  p e lv i c  nerve s t i l l  i n t a c t .
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D.  DISCUSSION

The e x t e r n a l  anal  s p h i n c t e r  in  th e  c a t  is  composed 

o f  r e d  muscle  f i b r e s  o f  sm al l  d i a m e t e r  r i c h  in  s a rc o p la s m .  

The a v e r a g e  d i a m e t e r  o f  t h e  muscle f i b r e s  o f  t h e  s p h i n c t e r  

i s  50 ju, compared w i t h  75 A* * n t h e  b ic e p s  f e m o r i s .  These  

a re  t h e  h i s t o l o g i c a l  f e a t u r e s  in s k e l e t a l  muscles which  

a r e  a s s o c i a t e d  w i t h  th e  m ain tenance  o f  p r o lo n g e d  t o n i c  

c o n t r a c t i o n .  Hciggquist ( 1 9 4 0 )  found t h a t  t h e  n erve  

s u p p ly in g  t h e  s p h i n c t e r  was made up e x c l u s i v e l y  o f  f i n e  

f i b r e s  w i t h  "en g ra p p e "  e n d in g s .  Th is  arrangem ent  he 

c o n s id e r e d  t o  be con cerned  w i t h  t o n i c  r a t h e r  t h a n  p h a s ic  

a c t i v i t y .  The e I e c t r o - m y o g r a p h i c  f i n d i n g s  conform t o  

what one would e x p e c t  f rom a muscle hav ing  t h e s e  h i s t o l o g i c a l  

f e a t u r e s ;  a s t e a d y  d is c h a r g e  was observed  w i t h  th e  animal  

in  a r e s t i n g  p o s t u r e  and in  t h e  absence o f  any d i r e c t  

s t  i mu I a t  i on .

Denny Brown & Robertson  ( 1 9 3 5 ) ,  on t h e  o t h e r  hand,  

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

came t o  t h e  c o n c lu s io n  t h a t  t h e  t o n i c  c l o s u r e  o f  t h e  anal  

cana l  in  man was m a i n t a in e d  by c o n t r a c t i o n  o f  t h e  smooth 

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

e x t e r n a l  s p h i n c t e r  was r a p i d  c o n t r a c t i o n  t o  p r e v e n t  incon ­

t i n e n c e .  The e x t e r n a l  s p h i n c t e r ,  t h e y  b e l i e v e d ,  c o u ld  not  

c o n t r a c t  t o n i c a l l y  because i t  f a t i g u e d  e a s i l y .  Newman ( 1 9 4 9 )  

came t o  a s i m i l a r  c o n c lu s io n  on t h e  b a s is  o f  e l e c t r o ­

myographic  s t u d i e s  on women, but  t h e  r e c o r d s  which he shows 

a r e  u n l i k e  t h e  e Ie c t r o m y o g r a p h s  o f  o t h e r  workers  and th e  

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

One c o u ld  o b j e c t  t h a t  in  t h e  p r e s e n t  s e r i e s  o f  

e x p e r i m e n t s ,  n o c i c e p t i v e  impulses r e s u l t i n g  from t raum a
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a t  t h e  s k i n  i n c i s i o n  and f rom t h e  exposed t i s s u e ,  

g e n e r a t e d  an abnormal t o n i c  a c t i v i t y .  On t h e  o t h e r  

hand,  t h e  d i s c h a r g e  c o n t i n u e d  a t  an unchanged l e v e l  a f t e r  

t h e  i n i t i a l  d i s s e c t i o n  f o r  as long as t h e  animal  s u r v i v e d  -  

in  some cas es  f o r  s e v e r a l  days -  and i t  showed no s ig n s  o f  

waning w i t h  t i m e .  The l e v e l  o f  t h e  d i s c h a r g e  was not  

d i r e c t l y  r e l a t e d  t o  t h e  amount o f  t raum a i n v o l v e d ;  

a d d i t i o n a l  t ra u m a  had no e f f e c t .  One co u ld  a l s o  o b j e c t  

t h a t  t h e  t o n e  o b s e rv e d  was a r e s u l t  o f  t h e  d i s t u r b a n c e  in  

t h e  f u n c t i o n  o f  t h e  nervous system produced by t h e  d e c e r e ­

b r a t i o n .  T h i s  o b j e c t i o n  is  le s s  e a s i l y  answered s in c e  

a n a e s t h e s i a  a b o I i s h e s  t h e  to n e  and i t  would be t e c h n i c a l l y  

d i f f i c u l t  t o  r e c o r d  from i n t a c t  u n a n a e s t h e t i s e d  c a t s .  On 

t h e  o t h e r  hand,  F loyd  & W a l ls  ( 1 9 5 3 )  and Kawakami ( 1 9 5 4 )  

both  o b s erved  a c o n t in u o u s  t o n i c  d is c h a r g e  in  normal  

co n sc io u s  human b e in g s  w i t h o u t  a n a e s t h e s i a  o r  s u r g i c a l
9

i n t e r f e r e n c e .  The fo rm e r  used s u r f a c e  e l e c t r o d e s  and t h e  

l a t t e r  n e e d le  e l e c t r o d e s .

Tone in t h e  e x t e r n a l  anal s p h i n c t e r  is  un ique  among 

t h e  m uscles o f  t h e  body which have so f a r  been s t u d i e d ,  

f o r  even in t h o s e  muscles most concerned  w i t h  p o s t u r e ,  

( s o l e u s )  which a r e  in t o n i c  c o n t r a c t i o n  w h i le  t h e  e r e c t  

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

example  s i t t i n g ,  r e s u l t  in an i n s t a n t  c e s s a t i o n  o f  d is c h a r g e  

w i t h o u t  an accompanying w i l l e d  r e l a x a t i o n .

S p h i n c t e r  t o n e ,  l i k e  s t r i a t e d  muscle to n e  e l s e w h e r e  

in  t h e  body,  i s  r e f l e x  in  n a t u r e ,  w i th  t h e  a f f e r e n t  

im pulses  which g i v e  r i s e . t o  i t  pas s in g  in by t h e  s a c r a l  

d o r s a l  r o o t s .  G a r ry  ( 1 9 3 4 b )  found t h a t  t h e  anal  canal  

became p a t u l o u s  when t h e  s a c r a l  d o rs a l  r o o t s  were c u t .
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Bishop ( i 9 6 0 )  c o n f i r m e d  t h a t  t h e  e x t e r n a l  s p h i n c t e r  had 

no r e c o r d a b l e  e l e c t r i c a l  a c t i v i t y  a f t e r  t h e  d o rsa l  r o o t s  

had been c u t .  The p r e s e n t  r e s u l t s  c o n f i r m  t h a t  t h e  t o n e  

i s  c e n t r a l  in  o r i g i n  and t h a t  i t  is  a b o l i s h e d  by g e n era l  

o r  s p i n a l  a n a e s t h e s i a .  The source  o f  t h e  impulses which  

d r i v e  t h i s  t o n e  i s  not  im m e d ia te ly  o b v io u s .  The to n e  

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

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

s i n g l y  or  a l l  t o g e t h e r  and indeed t h e  s p in a l  co rd  and t h e  

s y m p a th e t ic  p a t h s  seem t o  c a r r y  impulses which a r e  

i n h i b i t o r y  t o  t h e  to n e  in t h e  i n t a c t  a n i m a l .  The a f f e r e n t  

s t i m u l u s  f o r  t h e  to n e  must t h e r e f o r e  pass in m a i n ly  by way 

o f  t h e  pudendal n e r v e s ,  but s in c e  t h e s e  nerves  a r e  a l s o  t h e  

r o u t e  f o r  t h e  motor o u t f l o w ,  t h i s  f a c t  cannot  e a s i l y  be 

c o n f i r m e d .  Local a n a e s t h e s i a  o f  t h e  anal and c o l o n i c  

mucous membranes does not  a l t e r  t h e  le v e l  o f  t h e  t o n e ,  so 

i t  seems l i k e l y  t h a t  p r o p r i o c e p t o r s  w i t h i n  t h e  s p h i n c t e r  

muscle i t s e l f  may be c o n c e rn e d .  T h is  p rob lem  is  f u l l y  

d e a l t  w i t h  in t h e  d is c u s s io n  t o  s e c t i o n  5 o f  t h i s  t h e s i s .

L i t t l e  need be s a id  about  t h e  in c r e a s e  in d is c h a r g e  

which was obs erved  when t h e  p e r i - a n a  I s k i n  was s t i m u l a t e d  

or  a f o r e i g n  body was i n t r o d u c e d  i n t o  t h e  anal c an a l  f rom  

t h e  e x t e r i o r .  These f i n d i n g s  c o n f i r m  e Ie c t r o m y o g r a p h ic a I  I y ,  

what had p r e v i o u s l y  been d e s c r ib e d  by many workers  and  

conform  t o  e x p e c te d  b e h a v i o u r .  The f i n d i n g  o f  an in c r e a s e d  

d i s c h a r g e  when t h e  anal cana l  was d i s t e n d e d  by a ba I  loon is  

in agreement  w i t h  Denny Brown & Robertson ( 1 9 3 5 )  a l th o u g h  

in t h e  d e c e r e b r a t e  c a t ,  as opposed to  t h e  s p in a l  man, such 

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

m usc les ,  abdominal muscles and l imb m uscles ,  which make up 

t h e  d e f a e c a t i o n  p o s t u r e .  Such s t i m u l a t i o n  o f  t h e  anal
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ca n a l  w i l l  o c c u r  in  t h e  i n t a c t  a n i m a l ,  o n l y  when t h e  f a e c e s  

a r e  a c t u a l l y  t r a v e r s i n g  t h e  cana l  and t h e  response o f  t h e  

s p h i n c t e r ( y  r a p i d  c o n t r a c t i o n s , a I  t e r n a t i n g  w i t h  p e r i o d s  o f  

r e l a x a t i o n ,  r e s u l t s  in  t h e  e x p u l s i o n  o f  t h e  b a l l o o n  and so 

w i l l  p re s u m a b ly  have a s i m i l a r  a c t i o n  on t h e  f a e c a l  masses.

D i s t e n s i o n  o f  t h e  c o l o n ,  t o  a degree  i n s u f f i c i e n t  t o  

i n h i b i t  t h e  e x t e r n a l  s p h i n c t e r ,  causes a s i g n i f i c a n t  

i n c r e a s e  in  t h e  a c t i v i t y  o f  t h e  m usc le .  Gaston ( 1 9 4 8 )  

found t h a t  any sudden r i s e  in i n t r a - r e c t a l  p r e s s u r e  in  man, 

such as t h a t  r e s u l t i n g  from t h e  passage o f  fa e c e s  or  f l a t u s  

f rom t h e  c o lo n  i n t o  t h e  rec tum ,  caused a c o n t r a c t i o n  o f  t h e  

e x t e r n a l  s p h i n c t e r .  T h is  response  was absent  in s p i n a l  man 

but  was p r e s e n t  in t h e  normal s u b j e c t  d u r in g  s le e p  or w h i l e  

under  l i g h t  a n a e s t h e s i a .  G o l i g h e r  & Hughes ( 1 9 5 1 )  con­

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

s u b c o r t i c a l  l e v e l .  They found t h a t  t h e  r e f l e x  was 

im p o r ta n t  f o r  t h e  m ain tenance  o f  f a e c a l  c o n t i n e n c e ;  t h e  

i n i t i a l  c o n t r a c t i o n  was r e f l e x  bu t  i t  was soon f o l l o w e d  and 

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

d e c i s i o n  as t o  w he ther  f a e c e s  or  f l a t u s  is  p r e s e n t  is  a 

co n sc io u s  one .  Todd ( 1 9 5 9 )  emphasised t h e  im por tance  o f  

t h e  s e n s i t i v i t y  o f  t h e  anal canal  in  t h i s  c o n n e c t io n  and 

t h e  n e c e s s i t y  t o  p r e s e r v e  not  o n ly  r e c t a l  s e n s a t io n  but  anal  

s e n s a t i o n  a l s o ,  in  any o p e r a t i v e  p ro ce d u res  on t h i s  r e g i o n ,  

i f  c o n t i n e n c e  i s  t o  be r e t a i n e d .

D i s t e n s i o n  o f  t h e  c o lo n  o f  adequate  degree  and 

movement w i t h i n  i t ;  both e l i c i t e d  i n h i b i t i o n  o f  t h e  e x t e r n a l  

s p h i n c t e r .  G a r ry  ( 1933b)  was d o u b t f u l  i f  s im p le  d i s t e n s i o n  

c o u ld  be e f f e c t i v e  as t h e  s t i m u l u s ,  s in c e  he d i d  not  f i n d  

r e l a x a t i o n  o f  t h e  anal can a l  in t h e  c a t  on d i s t e n s i o n  o f  t h e



8 5

co I  o n ■ T h i s  was p r o b a b l y  because he used a w a te r  manometer  

and t h e  p r e s s u r e  l e v e l s  produced in t h i s  way were t o o  low t o  

be e f f e c t i v e .  The p r e s s u r e s  used in t h e  p r e s e n t  s e r i e s ,

10 t o  60 mm H9 , a r e  p r o b a b l y  n o t  e x c e s s i v e ,  s in c e  G o l i g h e r  & 

Hughes ( 1 9 5 1 ) ,  and Nathan & Smith  ( 1 9 5 3 ) ,  Had t o  use 

p r e s s u r e s  r a n g i n g  from 40  t o  150 mm Hg in t h e  rectum in man, 

t o  evoke t h e  d e s i r e  t o  d e f a e c a t e .  I t  is commonly s t a t e d  

t h a t  in  man t h e  d e s i r e  t o  d e f a e c a t e  is f u g i t i v e .  T h is  may 

w e l l  be so,  s i n c e  in t h e  c a t ,  when t h e  p r e s s u r e  in t h e  c o lo n  

was m a i n t a i n e d  f o r  ove r  two m in u te s ,  e i t h e r  t h e  d is c h a r g e  t o  

t h e  e x t e r n a l  s p h i n c t e r  recommenced or d e f a e c a t i o n  movements 

s e t  i n .  I n h i b i t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r  cou ld  a lways  

be produced by d i s t e n s i o n  o f  t h e  caudal  r e g io n  o f  t h e  c o lo n  

and u s u a l l y  such i n h i b i t i o n  c o u ld  be produced by d i s t e n s i o n  

o f  t h e  c o l o n  as f a r  c r a n i a l  as t h e  caecum. In man, a c c o rd in g  

t o  G o l i g h e r  & Hughes, t h e  d e s i r e  t o  d e f a e c a t e  is  evoked o n ly  

when t h e  rec tu m  is  d i s t e n d e d ,  whereas d i s t e n s i o n  o f  th e  

co lo n  i t s e l f  causes c o l i c .  There  is p r o b a b ly  a t r u e  s p e c ie s  

d i f f e r e n c e ,  in  t h a t  t h e  whole co lon  o f  t h e  c a t ,  a c a r n i v o r o u s  

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

o f  t h e  l a r g e  i n t e s t i n e  in man.

S in c e  d i s t e n s i o n  o f  t h e  co lo n  f a i l e d  t o  evoke  

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

i t  seems t h a t  t h e  in g o in g  pathway f o r  t h i s  r e f l e x  l i e s  in  

t h e  p e l v i c  n e r v e s .  T h is  v i s c e r o - s o m a t i c  r e f l e x ,  t h e r e f o r e ,  

c o r re s p o n d s  t o  B a r r i n g t o n / s f i f t h  m i c t u r i t i o n  r e f l e x  

( T a b l e  3 ) .  On t h e  o t h e r  hand, s e c t i o n  o f  t h e  s y m p a th e t ic  

o u t f l o w  a l lo w e d  t h e  r e f l e x  t o  be e l i c i t e d  w i t h  g r e a t e r  e a s e .  

The mechanism by which t h i s  e f f e c t  is  produced is  not c l e a r ,  

but  s e c t i o n  o f  t h e  s y m p a th e t ic  nerves  is known t o  lower  t h e
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t h r e s h o l d  f o r  t h e  r e f l e x  c o n t r a c t i o n  o f  t h e  b l a d d e r  in  

respo nse  t o  d i s t e n s i o n  w i t h  f l u i d  ( B a r r i n g t o n )  and o f  th e  

c o lo n  in  resp o n se  t o  d i s t e n s i o n  w i t h  a b a l l o o n  ( G a r r y )  and 

th u s  a g i v e n  d i s t e n d i n g  p r e s s u r e  might  be e x p e c te d  t o  lead  

t o  t h e  d ev e lo pm ent  o f  a g r e a t e r  t e n s i o n  in t h e  w a l l  o f  t h e  

c o lo n  a f r e r  t h e  s y m p a t h e t i c  o u t f l o w  has been d e s t r o y e d .  

T h is  seems t h e  most l i k e l y  e x p l a n a t i o n .

In S e c t i o n  4 o f  t h i s  t h e s i s ,  t h e  argument is  

advanced t h a t  t h e  f o u r t h  m i c t u r i t i o n  r e f l e x  o f  B a r r i n g t o n ;A.
f l o w  a lo n g  t h e  u r e t h r a  c a u s in g  i n h i b i t i o n  o f  t h e  e x t e r n a l  

u r e t h r a l  s p h i n c t e r ,  does not  e x i s t .  In t h e  case o f  t h e  

anus,  however ,  t h e r e  does seem t o  be e v id e n c e ,  in F i g .  28 ,  

f o r  e x a m p le ,  f o r  t h e  e x i s t e n c e  o f  a correspond!* ng r e f l e x  

i n v o l v i n g  t h e  anal s p h i n c t e r  and th e  anal c a n a l .  

S t i m u l a t i o n  o f  t h e  p e r i - a n a l  s k in  and d i s t e n s i o n  o f  t h e  

anal can a l  i t s e l f ,  cause motor respo nses .  I t  is t h e r e f o r e  

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

response  t o  movement w i t h i n  t h e  anal c a n a l ,  w i t h o u t  t h e s e  

motor re s p o n ses  b e ing  super imposed upon i t .  N e v e r t h e l e s s ,  

in F i g ,  2 8 ,  a f t e r  t h e  i n i t i a l  s p h i n c t e r  c o n t r a c t i o n  when 

t h e  th e rm o m e te r  was b e ing  i n s e r t e d ,  t h e r e  is  a p e r i o d  when 

t h e  s p h i n c t e r  d is c h a r g e  is reduced s i g n i f i c a n t l y  below th e  

r e s t i n g  t o n i c  l e v e l .  In th e  i n t a c t  animal t h i s  r e f l e x  

would not  be r e q u i r e d  t o  produce s u s t a i n e d  i n h i b i t i o n  o f  

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

e x i s t i n g  i n h i b i t i o n ,  s i n c e  movement th ro u g h  t h e  cana l  would 

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

r e c e p t o r s  in  t h e  w a l l  o f  t h e  c o lon  were a l r e a d y  s t i m u l a t e d .  

S p h i n c t e r  i n h i b i t i o n  under t h e s e  c i rc u m s ta n c e s  would not be 

c o n f i n e d  t o  s t r i a t e d  m usc le .  G arry  ( 1 9 3 3 b )  showed t h a t
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movement w i t h i n  t h e  anal cana l  b ro u g h t  about  r e l a x a t i o n  

o f  t h e  i n t e r n a l  anal  s p h i n c t e r  even a f t e r  t h e  pudendal  

n e rv e s  had been c u t ,  t h e r e f o r e  c e n t r i p e t a l  impulses pass,  

in both  p e l v i c  and pudendal n e r v e s .

D i s t e n s i o n  o f  t h e  b l a d d e r  i n h i b i t e d  t h e  anal  

s p h i n c t e r .  T h i s  was observed  c l i n i c a l l y  in s p in a l  man 

by Denny Brown & R o ber tson  ( 1 9 3 5 )  and was f u r t h e r  r e p o r t e d  

by Semba, Mishima & Date  ( 1 9 5 6 )  in c h r o n ic  s p in a l  dogs.

I h  f a c t  t h e  two e x t e r n a l  s p h i n c t e r s  respond t o g e t h e r  in  

both a u g m e n ta t i v e  and i n h i b i t o r y  r e f l e x e s ,  as though t h e y  

formed a s i n g l e  muscle mass. There  i s  no d i f f e r e n c e  

between t h e  respo nses  o f  t h e  two muscles e i t h e r  in l a t e n c y  

or  in t h r e s h o l d .  I t  seems l i k e l y  t h a t  t h e  motor neurons  

s u p p ly in g  t h e  two muscles form a s i n g l e  pool in t h e  s p in a l  

c o r d .

I t  would perhaps  be p o s s i b l e  t o  number th e  i n d i v i d u a l  

component r e f l e x e s  o f  d e f a e c a t i o n ,  in a manner s i m i l a r  t o  

t h a t  used by B a r r i n g t o n  f o r  t h e  r e f l e x e s  o f  m i c t u r i t i o n .

Such numbering i s  a p t  t o  obscure  th e  normal c o o r d in a t e d  

sequence o f  e v e n t s .  P r o b a b ly  a t r u e r  p h y s i o l o g i c a l  p i c t u r e  

is  g iv e n  by a d e s c r i p t i o n  which r e c o g n is e s  J u s t  two s t a g e s .  

In s ta g e  one,  d i s t e n s i o n  o f  t h e  c o lo n  and movement w i t h i n  

th e  c o l o n  send impulses  a long th e  p e l v i c  nerves  t o  th e  

I um bo-sacra l  r e g i o n  o f  t h e  s p in a l  c o rd  which a c t s  as a 

c e n t r e .  Then,  motor impulses t o  t h e  c o l o n ,  and i n h i b i t o r y  

impulses  t o  t h e  i n t e r n a l  anal s p h i n c t e r  pass ou t  by t h e  

p e l v i c  n e r v e s ,  w h i l e  t h e  e x t e r n a l  anal s p h i n c t e r  r e l a x e s  

owing t o  i n h i b i t i o n  o f  i t s  motor neurons .  In s ta g e  tw o ,  

movement o cc u rs  w i t h i n  t h e  anal c a n a l . D u r ing  t h i s  s ta g e  

t h e  in g o in g  impulses  run in t h e  p e l v i c  and pudendal nerves
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and t h e  c e n t r e  a g a in  is  in t h e  I um bo-sacra l  c o r d .  O ut ­

g o ing  motor  im pulses  pass by t h e  p e l v i c  n e rv e s  t o  t h e  co lo n  

t o  m a i n t a i n  c o n t r a c t i o n  and c o n t i n u i n g  i n h i b i t o r y  impulses  

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

anal s p h i n c t e r .  The r e l a x a t i o n  o f  t h e  e x t e r n a l  anal  

s p h i n c t e r  p e r s i s t s ,  s in c e  not o n ly  is  t e n s i o n  s t i l l  h igh  in 

t h e  w a l l  o f  t h e  c o l o n ,  i n h i b i t i n g  any p o s s i b l e  motor  

r espo nse  t o  d i s t e n s i o n  o f  t h e  anal c a n a l ,  but  t h e  movement 

t a k i n g  p l a c e  w i t h i n  t h e  anal can a l  w i l l  a c t  t o  r e i n f o r c e  

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

At t h e  c l o s e  o f  t h i s  second s t a g e ,  t h e  r e l a x a t i o n  o f  t h e  

e x t e r n a l  s p h i n c t e r  is  i n t e r r u p t e d  by phases o f  s t r o n g  

c o n t r a c t i o n  which expel  any f a e c a l  masses from t h e  anal  

c an a l  .

The r e c e p t o r s  l y i n g  in t h e  anal r e g io n  a re  

d e s c r i b e d  in  d e t a i l  in S e c t i o n s  5 and 6 o f  t h i s  t h e s i s .

On t h e  b a s i s  o f  t h e  above scheme, however,  t h e  c h i e f  

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

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

L i t t l e  d e f i n i t e  can be s a id  about  t h e  p r e c i s e  l o c a t i o n ,  

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

s i n c e  t h e y  have not  been dem on stra ted  by d i r e c t  e l e c t r i c a l  

r e c o r d i n g .  Iggo ( 1 9 5 7 )  has however dem onstra ted  t e n s i o n  

r e c e p t o r s ,  s i m i l a r  t o  t h o s e  he has d e s c r ib e d  in t h e  b l a d d e r ,  

l y i n g  in  t h e  upper  p a r t s  o f  t h e  a l i m e n t a r y  cana l  w i t h  t h e i r  

in g o in g  f i b r e s  in t h e  vagus.  Presumably s i m i l a r  r e c e p t o r s  

a r e  p r e s e n t  in  t h e  d i s t a l  p a r t s  o f  t h e  g u t .  R e cep to rs  

which i n i t i a t e  t h e  f e e l i n g  o f  f u l I  ness and t h e  d e s i r e  t o  

d e f a e c a t e  and which a re  e s s e n t i a l  f o r  t h e  m ain tenance o f  

f a e c a l  c o n t i n e n c e  in con sc ious  human b e in g s ,  must l i e  in 

t h e  w a l l  o f  t h e  rec tum  (Gaston 1948 a & b,  G o l i g h e r  1 9 5 1 ) -



T h e re  i s  a l s o  some e v id e n c e  f o r  t h e  e x i s t e n c e  o f  

r e c e p t o r s  in  t h e  mucosa o f  t h e  l a r g e  bow el ,  s e n s i t i v e  t o  

s t i m u l a t i o n  o t h e r  th a n  t e n s i o n ,  though t h e  e v id e n c e  f o r  

t h e s e  is  l e s s  c o m p le te  th a n  f o r  t h e  t e n s i o n  r e c e p t o r s .

Thus,  movement o f  a d e f l a t e d  b a l l o o n  w i t h i n  t h e  c o lo n  is  

an a d e q u a te  s t i m u l u s  t o  s p h i n c t e r  i n h i b i t i o n ,  w h i l e  t h i s  

response  is  a b o l i s h e d  by t h e  a p p l i c a t i o n  o f  c o c a in e  t o  

t h e  r e c t a l  mucous membrane. The v a lu e  o f  t h i s  l a s t  p i e c e  

o f  e v i d e n c e  is  l a r g e l y  reduced by t h e  f a c t  t h a t  t h e  

a p p l i c a t i o n  o f  c o c a in e  a b o l i s h e s  th e  i n h i b i t o r y  response  

o f  t h e  s p h i n c t e r  t o  d i s t e n s i o n  o f  t h e  co lo n  as w e l l  as 

t h a t  t o  movement and t h e  f a c t  t h a t  co c a in e  is  r a p i d l y  

absorbed f rom most mucosal s u r f a c e s .  On th e  o t h e r  hand 

Bishop ( 1 9 5 9 )  showed t h a t  t h e  c o m p o s i t io n  o f  t h e  c o l o n i c  

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

t o n e  and G o l i g h e r  & Hughes ( 1 9 5 1 )  showed t h a t  t h e  i n j e c t i o n  

o f  an i r r i t a n t  s o l u t i o n  i n t o  t h e  submucosa o f  t h e  lower  

rec tu m  in  man was f o l l o w e d  by a s e n s a t io n  o f  d i s t e n s i o n  

a k i n  t o  t h a t  accompanying normal d e f a e c a t i o n .
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E. SUMMARY

An e l e c t r o m y o g r a p h i c  s tu d y  o f  t h e  e x t e r n a l  anal  

s p h i n c t e r  o f  t h e  d e c e r e b r a t e  c a t  shows t h a t  t h i s  muscle  

has a c o n t i n u o u s  low g ra d e  t o n i c  d is c h a r g e  in t h e  absence  

o f  any d i r e c t  s t i m u l a t i o n .  T h i s  t o n e  is  not  a f f e c t e d  by 

s e c t i o n  o f  t h e  p e l v i c  nerves  or  by lo ca l  a n a e s t h e s i a  o f  

t h e  anal  o r  c o l o n i c  mucous membranes. I t  is  somewhat  

i n c r e a s e d  by s e c t i o n  o f  t h e  s p i n a l  co rd  above t h e  lumbar  

r e g i o n ,  o r  by d e s t r u c t i o n  o f  t h e  lumbar s y m p a th e t ic  

o u t f l o w .  General  or  s p i n a l  a n a e s t h e s ia  a b o l i s h e s  t h e  

t o n e .

S t i m u l a t i o n  o f  t h e  p e r i - a n a I  s k i n  or  o f  t h e  anal  

mucous membrane causes c o n t r a c t i o n  o f  t h e  e x t e r n a l  

s p h i n c t e r .  D i s t e n s i o n  o f  t h e  c o lo n  t o  a degree  i n s u f f i c ­

i e n t  t o  i n h i b i t  t h e  d is c h a r g e  t o  t h e  s p h i n c t e r  in c r e a s e s  

t h i s  d i s c h a r g e .  Any i n c r e a s e  in in t r a - a b d o m in a l  p r e s s u r e ,  

w hether  a c t i v e l y  o r  p a s s i v e l y  produced,  i f  i t  is  not  

accompanied by a ' d e f a e c a t i o n '  response ,  causes an i n c r e a s e  

in  t h e  t o n e .  D i s t e n s i o n  o f  t h e  anal canal  leads t o  

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

D i s t e n s i o n  o f  t h e  co lo n  o r  movement w i t h i n  th e  

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

The respo nse  t o  d i s t e n s i o n  is  more e a s i l y  produced a t  t h e  

ana I end o f  t h e  c o lo n  th a n  a t  t h e  caeca I end .  I t  i s  more 

e a s i l y  p roduced  a f t e r  d e s t r u c t i o n  o f  t h e  lumbar s y m p a th e t ic  

o u t f l o w  b u t  i t  is  a b o l i s h e d  by s e c t i o n  o f  t h e  p e l v i c  nerves  

or  by t h e  a p p l i c a t i o n  o f  c o c a in e  t o  t h e  mucous membrane 

o f  t h e  c o l o n .
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The e x t e r n a l  anal  s p h i n c t e r  is  i n h i b i t e d  d u r in g  

spontaneous  m i c t u r i t i o n  or  d u r in g  d i s t e n s i o n  o f  t h e  

b l a d d e r .

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

d is c u s s e d  and a scheme f o r  t h e  r e f l e x  b a s is  o f  d e f a e c a t i o n  

and f a e c a l  c o n t i n e n c e  is  o u t l i n e d .
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A. REVIEW OF THE LITERATURE ON THE PHYSIOLOGY OF THE

URETHRA AND THE REFLEX BASIS OF MICTURITION

Reviews o f  t h e  e a r l i e r  work have been p u b l i s h e d  

by F e a r n s id e s  ( 1 9 2 7 ) ,  Gruber ( 1 9 3 3 )  and Langworthy ,

Kolb & Lewis  ( 1 9 4 0 ) .
N o n e  o f  t h e s e  r e v i e w s  g o e s  f u l l y  i n t o  t h e  p h y s i o ­

l o g y  o f  t h e  s t r i a t e d  u r e t h r a l  s p h i n c t e r  o r  i n t o  t h e  
s e n s o r y  n e u r o p h y s i o l o g y  o f  t h e  b l a d d e r  a n d  u r e t h r a .
Much o f  t h e  p r e v i o u s  work concerns  t h e  r e l a t i o n  o f  t h e  

s y m p a t h e t i c  and p a r a s y m p a t h e t ic  nervous systems to  t h e  

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

c e n t r a l  nervous  system o f  t h e  c e n t r e s  c o n t r o l l i n g  

m i c t u r i t i o n .  In t h i s  r e v i e w  I have not a t te m p te d  to  

deal f u I l y  w i t h  al I asp e c ts  o f  m i c t u r i t i o n ,  b u t  have 

c o n c e n t r a t e d  on t h e  p h y s io lo g y  o f  th e  u r e t h r a  w i th  s p e c ia l  

emphasis  on t h e  e x t e r n a l  s p h i n c t e r  muscle and on t h e  

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

t o  p a r t  5 , I have d is c u s s e d  t h e  I i t e r a t u r e  d e a l i n g  w i th  

t h e  s e n s i b i l i t y  and t h e  sensory  i n n e r v a t i o n  o f  t h e  lower  

ur  i n a r y  t r a c t .

Many o f  t h e  e a r l i e r  workers  were concerned  w i t h  t h e  

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

and t h e  u r e t h r a .  V a l e n t i n  ( 1 8 4 7 )  showed t h a t  s t i m u l a t i o n  

o f  t h e  p e r i p h e r a l  ends o f  t h e  c u t " l o w e r  lumbar and upper  

s a c r a l  s p i n a l  r o o t s  in  r a b b i t s ,  dogs and c a t s ,  caused  

c o n t r a c t i o n  o f  t h e  b l a d d e r .  He b e l i e v e d  t h a t  t h e  

i n i t i a t i o n  o f  m i c t u r i t i o n  was brought  about  by t h e  v o l u n t a r y  

r e l a x a t i o n  o f  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r .
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Budge ( 1 8 6 4 )  r e p o r t e d  u n i l a t e r a l  c o n t r a c t i o n  o f  t h e  

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

v e n t r a l  r o o t s  and b i l a t e r a l  c o n t r a c t i o n  on s t i m u l a t i o n  

o f  t h e  f i r s t ,  second and t h i r d  s a c r a l  dorsa l  r o o t s .  These  

r e s u l t s  on s t i m u l a t i o n  have been c o n f i r m e d  by many w o r k e r s .

O th e r  w o rk e rs  have been concerned w i th  t h e  l o c a l ­

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

Masius ( 18 6 7 )  found t h a t  in an im a ls  w i th  i s o l a t e d  lumbo­

s a c r a l  c o r d s ,  u r e t h r a l  r e s i s t a n c e  was g r e a t e r  than  norm a l ,  

but i t  f e l l  m a r k e d ly  when t h e  i s o l a t e d  segment o f  cord  

was d e s t r o y e d .  He lo c a t e d  a c e n t r e  f o r  u r e t h r a l  to n e  in  

t h e  s a c r a l  c o r d ,  j u s t  c r a n i a l  to  t h e  a n o -s p in a l  c e n t r e .  

S i m i l a r l y ,  O t t  ( 1 8 7 9 )  by s e c t i o n i n g  t h e  s p i n a l  c o r d ,  

l o c a t e d  a 9v e s i c o - s p i n a I '  c e n t r e ,  between L6 and L7,  

which was a c t u a l l y  a c e n t r e  f o r  u r e t h r a l  t o n i c i t y .

L ike  t h e  c o r r e s p o n d in g  a n o - s p in a l  c e n t r e  t h i s  is  n o r m a l ly  

i n h i b i t e d  by im pulses  a r i s i n g  in t h e  r e g io n  o f  th e  upper  

p a r t  o f  t h e  c r u r a  c e r e b r i  .

The r e  I a t i v e  im por tance  o f  th e  smooth and s t r i a t e d  

muscle s p h i n c t e r s  o f  t h e  u r e t h r a  was e s t i m a te d  by Courtade  

and Guyon ( l  8 9 5 )  in  t h e  dog.  The e x t e r n a l  s p h i n c t e r  was 

t h e  s t r o n g e r  and c o u ld  s u p p o r t  a p r e s s u r e  o f  70 cm H2O, 
whereas t h e  b l a d d e r  neck ( i n t e r n a l  s p h i n c t e r )  c o u ld  o n ly  

h o ld  back 15 cm H2O. Simons ( 1 9 3 6 )  came t o  a s i m i l a r  

c o n c lu s io n  about  t h e  r e l a t i v e  s t r e n g t h s  o f  th e  two muscles  

in  man. S im ons '  s p h i n c t e r o m e t e r ,  w i t h  which he i n v e s t i ­

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

c o n s i s t e d  o f  a w a te r  f i  I l e d  bal loon a t  t h e  end o f  a
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c a t h e t e r .  He found t h a t  t h e  i n t e r n a l  s p h i n c t e r  c o u ld  

not be v o l u n t a r i l y  c o n t r a c t e d  or r e l a x e d ,  but  when under  

normal to n u s  i t  s u p p o r te d  a p re s s u re  o f  12cm H2O. The 

e x t e r n a l  s p h i n c t e r  was a l s o  le s s  under v o l u n t a r y  c o n t r o l  

th a n  is g e n e r a l l y  supposed but  was more pow er fu l  and was 

a b le  t o  s u p p o r t  a p r e s s u r e  more than  t w i c e  as g r e a t .

Bors ( 1 9 4 8 )  used a n o th e r  t y p e  o f  s p h in c te r o m e t e r  which  

d i f f e r e d  f rom S im ons '  i n s t r u m e n t ,  in using a s tream  o f  

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

gave s i m i l a r  r e s u l t s  but  t h e  f i g u r e s  o b ta in e d  f o r  s p h i n c t e r  

to n e  were c o n s i s t e n t l y  h ig h e r  th a n  those  o b t a in e d  using  

Sim ons '  i n s t r u m e n t .

Many w orkers  have i n v e s t i g a t e d  th e  e f f e c t  o f  t h e  

p e r i p h e r a l  n e rv e s  on t h e  tone o f  t h e  u r e t h r a l  s p h i n c t e r s  

and upon t h e  r e s i s t a n c e  which th e s e  muscles o f f e r  to  th e  

passage o f  f l u i d  a lo n g  th e  u r e t h r a .  G ianuzz i  b Nawrock 

U 8 6 3 )  w o rk in g  in Claude B e rn a r d 's  l a b o r a t o r y ,  showed 

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

in t h e  dog was reduced a f t e r  s e c t io n  o f  t h e  nerves  

s u p p ly in g  t h e  u r e t h r a ,  presumably  both p e l v i c  and pudendal  

n e r v e s ,  but  t h a t  no g r e a t  f a l I  occ ur re d  in t h e  r e s i s t a n c e  

o f  t h e  d e n e r v a t e d  u r e t h r a  on the  deqth o f  t h e  a n i m a l .

They found u r e t h r a l  r e s i s t a n c e  t o  be g r e a t e r  in the  male  

animal t h a n  in t h e  fem ale  and bel ieved t h a t  i t  was r e l a t e d  

t o  t h e  le n g th  o f  t h e  u r e t h r a .  Von Z e iss l  ( 1 8 93 )  a lso  

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

He found t h a t  p a r a s y m p e t h e t ic  s t i m u l a t i o n  caused u r e t h r a l  

r e l a x a t i o n  in d e p e n d e n t ly  o f  b la d d e r  c o n t r a c t i o n  and t h a t  

s y m p a th e t ic  s t i m u l a t i o n  in creased  th e  r e s i s t a n c e  t o  f l o w .

He s u p p o r te d  t h e  th e o r y  o f  c rossed  in n e r v a t i o n  which holds  

t h a t  t h e  autonomic nerves have o p p o s i te  e f f e c t s  on th e
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d e t r u s o r  and smooth muscle  s p h i n c t e r .

S t e w a r t  ( 1899 & 1900)  on t h e  o t h e r  hand,  c la im e d  

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

nerve  d i d  not  cause d i l a t i o n  o f  t h e  u r e t h r a  and a s i m i l a r  

r e s u l t  was o b t a i n e d  by Fagge ( 1 9 0 2 )  who used a b a l l o o n  

l y i n g  in  t h e  u r e t h r a  as h is  re c o rd i  ng d e v ic e ,  r a t h e r  th a n  

measuring o p e n in g  p r e s s u r e  f o r  f l u i d ,  as t h e  o t h e r  workers  

d i d .  Fagge was s c e p t i c a l  o f  t h e  crossed  i n n e r v a t i o n  

t h e o r y  and t h o u g h t  i t  was an o v e r - s i m p l i f i c a t i o n  o f  t h e  

t r u e  p i c t u r e ,  a v ie w  which is  w id e ly  h e ld  t o d a y .  E l l i o t  

( 1 9 0 7 )  in  a s e r i e s  o f  c a r e f u l l y  des igned and c o n t r o l l e d  

e x p e r im e n t s  r e - e x a m i n e d  t h e s e  q u e s t io n s  and found t h a t  

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

smooth muscle  o f  t h e  p ro x im a l  u r e t h r a  in t h e  male c a t ,  as 

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

nerve  led  t o  a s l i g h t  and t r a n s i e n t  r e l a x a t i o n .

In  1915 B a r r i n g t o n  p u b l i s h e d  t h e  f i r s t  o f  h i s  

n o t a b l e  s e r i e s  o f  pap ers  on m i c t u r i t i o n  in which he de ­

s c r i b e d  some e x p e r im e n t s  upon t h e  e f f e c t  o f  the p e r i p h e r a l  

n e rve s  on t h e  t o n e  o f  t h e  u r e t h r a l  s p h i n c t e r s .  Using  

f e m a le  c a t s  a n a e s t h e t i s e d  w i t h  e t h e r  he found t h a t  

s t i m u l a t i o n  o f  t h e  h y p o g a s t r i c  nerves or th e  pudendal  

n erve s ,  caused an i n c r e a s e  in u r e t h r a l  r e s i s t a n c e .  In 

both cases  t h e  e f f e c t  was t r a n s i e n t  and f lo w  recommenced 

w h i l e  t h e  s t i m u l a t i o n  was s t i l l  being a p p l i e d .  In  a cu te  

e x p e r im e n t s  he i n v e s t i g a t e d  t h e  t o n i c  e f f e c t s  o f  th e s e  

nerves  by c u t t i n g  them w h i l e  f l u i d  was f l o w i n g  th rough
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t h e  u r e t h r a ,  n o t i n g  a n y  c h a n g e  i n  t h e  r a t e  o f  f l o w .  

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

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

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

L a n g w o r t h y  a n d  h i s  c o l l e a g u e s  ( 1 9 3 3 - 1 9 4 0 ) ,  i n  a  
s e r i e s  o f  e x p e r i m e n t s  o n  c a t s  u s i n g  a n a e s t h e t i s e d  a n d  d e -  
c e r a b r a t e  a n i m a l s ,  e s t i m a t e d  u r e t h r a l  r e s i s t a n c e  i n  t e r m s  
o f  t h e  i n t r a - v e s i c a I  p r e s s u r e  r e q u i r e d  t o  f o r c e  f l u i d  
a l o n g  t h e  u r e t h r a .  M e a s u r e m e n t  w a s  m a d e  b y  m e a n s  o f  a 
n e e d l e  i n s e r t e d  i n t o  t h e  b l a d d e r  t h r o u g h  t h e  a n t e r i o r  
a b d o m i n a l  w a l  I .  M a l e  c a t s  h a d  a  h i g h e r  u r e t h r a l  r e s i s t a n c e  
t h a n  f e m a l e s  a n d  i n  b o t h  s e x e s  r e s i s t a n c e  f e l l  o n  a c t i v e  
v e s i c a l  c o n t r a c t i o n  o r  p a r a s y m p a t h e t i c  s t i m u l a t i o n .  
S t i m u l a t i o n  o f  t h e  p e r i p h e r a l  e n d  o f  t h e  c u t  p u d e n d a l  
n e r v e  l e d  t o  a  s e r i e s  o f  r h y t h m i c  c o n t r a c t i o n s  o f  t h e  
e x t e r n a l  s p h i n c t e r  e n d  o f  t h e  p e r i n e a l  m u s c l e s ,  w h i c h  
l e d  t o  t h e  e x p u l s i o n  o f  a n y  f l u i d  i n  t h e  u r e t h r a  a n d
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r a i s e d  t h e  u r e t h r a l  r e s i s t a n c e .  In c o n t r a s t  t o  t h e  

r e s u l t  o f  B a r r i n g t o n ,  t h e y  found t h a t  s e c t i o n  o f  t h e  

pudendal n e r v e s  in  s u r v i v i n g  an im a ls  never  produced  

i n c o n t i n e n c e  o f  u r i n e  and subsequent  e s t i m a t i o n  o f  t h e  

u r e t h r a l  r e s i s t a n c e  ove r  a p e r i o d  o f  weeks showed t h a t  

i t  had not  a l t e r e d .  S t i m u l a t i o n  o f  th e  p a r a s y m p a t h e t ic  

nerve  s u p p ly  in  t h e  s a c r a l  r o o t s  in c re a s e d  u r e t h r a l  r e ­

s i s t a n c e  in  t h e  male  c a t  o n ly  and t h i s  t h e y  a t t r i b u t e d  

t o  tumescence o f  t h e  p e n i s .  Sy m p ath e t ic  s t i m u l a t i o n  

i n c r e a s e d  t h e  r e s i s t a n c e ,  e s p e c i a l l y  in males and t h i s  

i n c r e a s e d  r e s i s t a n c e  was loca l  ised  to  t h e  r e g io n  o f  t h e  

verumontanum a t  t h e  j u n c t i o n  o f  t h e  p r o s t a t i c  and mem­

branous p a r t s  o f  t h e  u r e t h r a .  Sect i  on o f  t h e  s a c ra l  

dorsa l  r o o t s  led  t o  an i n c r e a s e  in t h e  r e s i s t a n c e  t o  

f lo w  a lo n g  t h e  u r e t h r a  and t h i s  t h e y  a t t r i b u t e d  t o  oedema 

o f » t h e  u r e t h r a l  mucosa.

T h e  m o s t  r e c e n t  i n v e s t i g a t i o n  o f  t h i s  a s p e c t  o f  
t h e  s u b j e c t ,  i s  t h a t  o f  G i r a d o  &  C a m p b e l l  ( 1 9 5 9 )  w h o ,  
w o r k i n g  w i t h  a n a e s t h e t i s e d  a n d  d e c e r e b r a t e  c a t s  i n  w h i c h  
t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  a n d  a l l  o t h e r  s t r i a t e d  
m u s c l e s  w e r e  p a r a l y s e d  b y  a  m u s c l e  r e l a x a n t ,  d e s c r i b e d  t h e  
r e s p o n s e  o f  t h e  u r e t h r a l  s m o o t h  m u s c l e  t o  n e r v e  s t i m u l a t i o n  
a n d  t o  d r u g s .  T h e y  c o n c l u d e d  t h a t  t h e  t o n e  o f  t h e  s m o o t h  
m u s c l e  o f  t h e  u r e t h r a  i s  n o n - n e u r o g e n i c  b e c a u s e  i t  w a s  n o t  
a f f e c t e d  b y  n e r v e  s e c t i o n ,  b u t  w a s  r e d u c e d  b y  a u t o n o m i c  

b l o c k i n g  a g e n t s .

In  a d d i t i o n  to  t h e  many i n v e s t i g a t i o n s  on t h e  

e f f e c t s  o f  t h e  s y m p a th e t ic  and p a r a s y m p a th e t ic  nerves  

on t h e  u r e t h r a  in  an im a ls  , t h e r e  have a ls o  been a few  

o b s e r v a t i o n s  on t h i s  s u b j e c t  in  man. Learmonth ( 1 9 3 0 )
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in  h i s  r e v i e w  o f  t h e  e f f e c t s  o f  s t i m u l a t i n g  t h e  autonomic  

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

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

n e c k .  Bucy,  Huggins & Buchanan ( 1 9 3 7 )  on t h e  o t h e r  hand,  

re p o e te d  c o n t r a c t i o n  o f  t h e  human u r e t h r a  in t h e  r e g i o n  

o f  t h e  e x t e r n a l  s p h i n c t e r ,  when t h e  s y m p a th e t ic  nerve  

s u p p ly  was s t i m u l a t e d  but  t h e y  were unab le  t o  t e l l  whether  

smooth o r  s t r i a t e d  muscle was r e s p o n s i b l e .

A l th o u g h  t h e  pudendal nerve  is  motor t o  t h e  

e x t e r n a l  s p h i n c t e r  and is  sensory  t o  t h e  u r e t h r a ,  s e v e ra l  

w orkers  have produced e v id e n c e  t h a t  i t s  i n t e g r i t y  is  not  

e s s e n t i a l  f o r  m i c t u r i t i o n .  In h i s  f i r s t  paper  ( 1 9 1 5 ) ,  

B a r r i n g t o n  r e p o r t e d  t h a t  when both pudendal nerves had 

been cu t  in  c a t s ,  t h e y  remained c o n t i n e n t  a t  r e s t ,  but  

when ju m p in g  o r  o t h e r w i s e  s t r a i n i n g ,  u r i n e  escaped in 

s p u r t s .  Lan gw orthy ,  Kolb & Lewis ( 1 9 4 0 )  s t a t e d ,  on th e  

o t h e r  hand,  t h a t  s e c t i o n  o f  t h e  pudendal nerves  in c a t s  

d id  n o t  p rodu ce  even s t r e s s  in c o n t in e n c e .  Dennig ( 1926) 

found t h a t  m i c t u r i t i o n  in v a r i o u s  an im a ls  was u n a f f e c t e d  

by s e c t i o n  o f  both s y m p a th e t ic  and pudendal n e rv e s .  In 

t h e  c l i n i c a l  f i e l d  W er th e im er  Zf Mi chon (1 9 2 8 )  cu t  the  

pudendal n e r v e s  in  women f o r  p a i n f u l  c o n d i t i o n s  o f  th e  

v u lv a  and r e p o r t e d  no i n c o n t in e n c e  or  o t h e r  u r i n a r y  d i s ­

t u r b a n c e .  T h i s  f i n d i n g  has s in c e  been c o n f i rm e d  by 

many w o r k e r s .

A r e l a t e d  o b s e r v a t i o n  is  t h a t  o f  Lap id e s ,  Sweet & 

L e w is ,  ( 1 9 5 5 )  who found t h a t  p a t i e n t s ,  t o t a l l y  p a r a l y s e d  

by t h e  i n j e c t i o n  o f  muscle r e l a x a n t s ,  had no in c o n t in e n c e
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a n d  w e r e  a b l e  " t o  p a s s  u r i n e  n o r m a l  l y ,  a l t h o u g h  t h e  

c e s s a t i o n  o f  t h e  a c t  w a s  d e l a y e d .  S i m p l e  p u d e n d a l  b l o c k  
p r o d u c e d  s i m i l a r  r e s u l t s .  E l l i o t t  ( 1 9 5 4 )  a s  a  r e s u l t  
o f  s t u d i e s  o n  i n c o n t i n e n t  a n d  p o s t - p r o s t a t e c t o m y  p a t i e n t s ,  
c o n c l u d e d  t h a t  t h e  e x t e r n a l  s p h i n c t e r  a l w a y s  a c t e d  a s  a n  
a u x i l i a r y  t o  t h e  i n t e r n a l  s p h i n c t e r  a n d  h a d  n o  t o n i c  
a c t  i o n .

M a n y  w o r k e r s  h a v e  s t u d i e d  m i c t u r i t i o n  f r o m  
t h e  p o i n t  o f  v i e w  o f  i t s  r e f l e x  b a s i s .  G o l t z  ( 1 6 7 4 )  g a v e  
a  d e t a i l e d  d e s c r i p t i o n  o f  m i c t u r i t i o n  i n  c h r o n i c  s p i n a l  
d o g s .  T h i s  i n v o l v e d  t h e  p q s s a g e  o f  l a r g e  v o l u m e s  o f  u r i n e  
a t  a  t i m e  a n d  h e n c e  w a s  a  c o - o r d i n a t e d  a c t  a n d  n o t  s i m p l y  
a n  o v e r f l o w  f r o m  a f u l l  b l a d d e r .  T h e  p r o c e s s  c o u l d  b e  
i n i t i a t e d  b y  s t i m u l a t i o n  o f  t h e  p e r i n e u m  o r  t h e  a n t e r i o r  
a b d o m i n a l  w a l l  a n d  h e n c e  w a s  p r e s u m a b l y  r e f l e x  i n  n a t u r e .
He a l s o  d e s c r i b e d  a  r h y t h m i c  f l u c t u a t i o n  i n  t h e  u r i n a r y  
s t r e a m  o f  t h e s e  a n i m a l s  w h i c h  w a s  s i m i l a r  t o  t h e  r h y t h m  . 
w h i c h  h e  h q d  d e s c r i b e d  i n  t h e  a n a l  s p h i n c t e r s  o f  s p i n a l  
a n i m a l s  a n d  t h i s  a l s o  c o u l d  b e  i n h i b i t e d  b y  n o c u o u s  s t i m ­

u l a t i o n .

A l a t e r  p a p e r  b y  t h e  s a m e  a u t h o r  ( G o l t z  &  E w a l d ,
1 8 9 6 ) ,  i s  m o r e  d i f f i c u l t  t o  f i t  i n t o  t h e  g e n e r a l  p i c t u r e .  
T h e s e  w o r k e r s  e x c i s e d  t h e  s p i n a l  c o r d  b e l o w  t h e  t h o r a c i c  
l e v e l  i n  d o g s  a n d  f o u n d  t h a t  a f t e r  a  p e r i o d  o f  r e t e n t i o n  
w i t h  o v e r f l o w ,  a  s t a g e  o f  s p o n t a n e o u s  p e r i o d i c  m i c t u r i t i o n  
r e s u l t e d ,  w h i c h , . t h e y  b e l i e v e d ,  w a s  s i m i l a r  t o  t h a t  
d e v e l o p i n g  a f t e r  s i m p l e  s p i n a l  t r a n s e c t i o n  a b o v e  t h e  
l u m b a r  r e g i o n .  I t  i s  n o t  c e r t a i n  f r o m  t h e  d e t a i l s  g i v e n ,  
h o w e v e r ,  t h a t  b l a d d e r  c o n t r a c t i o n  w a s  a c t u a l l y  t a k i n g  p l a c e
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i n  t h e s e  a n i m a l s ,  a n d  i t  i s  d i f f i c u l t  t o  i m a g i n e  t h a t  
a n y  c o n t r a c t i o n  w a s  p o s s i b l e .

T h e  e a r l i e s t  e x p e r i m e n t a l  s t u d y  o f  m i c t u r i t i o n  i n
man  i s  t h a t  o f  M o s s o  &  P e l l a c a n i  ( 1 8 8 2 )  a n d  t h i s  p a p e r  
i s  o u t s t a n d i n g  a m o n g s t  t h e  o t h e r s  o f  t h a t  p e r i o d .  T h e s e  
w o r k e r s  p r o d u c e d  g r a p h i c  c y s t o m e t r i c  r e c o r d s  i n  h u m a n  
s u b j e c t s  a s  w e l l  a s  a n i m a l s ,  w i t h  s i m u l t a n e o u s  r e c o r d i n g  
f r o m  t h e  b l a d d e r ^  a b d o m i n a l  w a l l  a n d  c h e s t .  T h e y  d e m ­
o n s t r a t e d  t h a t  t h e  b l a d d e r  c o u l d  h o l d  w i d e l y  d i f f e r i n g  
v o l u m e s  a t  a p p r o x i m a t e l y  c o n s t a n t  p r e s s u r e  a n d  t h e y  s h o w e d  
t h a t  r e f l e x  b l a d d e r  c o n t r a c t i o n  c o u l d  r e s u l t  f r o m  e m o t i o n a l  
s t i m u l i .  T h e y  a l s o  s h o w e d  t h a t  i n  d o g s  , m i c t u r i t i o n  
w a s  u n a f f e c t e d  b y  s e c t i o n  o f  t h e  s y m p a t h e t i c  n e r v e  s u p p l y  
t o  t h e  b l a d d e r  a n d  u r e t h r a  b u t  s t i m u l a t i o n  o f  t h e s e  s a m e  
s y m p a t h e t i c  n e r v e  t r u n k s  c a u s e d  t h e  b l a d d e r  t o  c o n t r a c t .

A n o t h e r  f u l l  a n d  c a r e f u l  i n v e s t i g a t i o n  o f  t h i s  
p e r i o d  i s  c o n t a i n e d  i n  t h e  p a p e r s  o f  G r i f f i t h s  ( 1 8 9 0  a n d  
1 8 9 4 ,  a  o ’ b )  w h o s e  o b s e r v a t i o n s  c o v e r e d  t h e  a n a t o m y  o f  

t h e  p a r t s  c o n c e r n e d  a n d  s o m e  s t u d y  o f  t h e  f i b r e  c o n s t i t ­
u t i o n  o f  t h e  r e l e v a n t  n e r v e  t r u n k s ,  a s  w e l l  a s  e x p e r i m e n t a l  
p h y s i o l o g i c a l  o b s e r v a t i o n s . G r i f f i t h s  s t a t e d  t h a t  
s t i m u l a t i o n  o f  t h e  p e r i p h e r a l  e n d  o f  t h e  c u t  p u d e n d a l  n e r v e  
c a u s e d  t h e  s t r i a t e d  m u s c l e s  o f  t h e  p e r i n e u m  a n d  u r e t h r a  
t o  c o n t r a c t  i n  a n  o r d e r l y  s e q u e n c e  f r o m  p r o x i m a l  t o  d i s t a l  
a n d  s o  t o  e x p e l  u r i n e  f r o m  t h e  u r e t h r a .  S t i m u l a t i o n  o f  
t h e  c e n t r a l  e n d  o f  t h e  c u t  p u d e n d a l  n e r v e  l e d  t o  a s i  i g h t  
b l a d d e r  c o n t r a c t i o n  i f  t h e  o r g a n  c o n t a i n e d  o n l y  a  s m a l I  
v o l u m e  o f  u r i n e ,  b u t  i f  a l a r g e  v o l u m e  w a s  c o n t a i n e d ,  i t
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r e l a x a t i o n .  He  f o u n d ,  t h a t  n e i t h e r  s e c t i o n  o f  t h e  
h y p o g a s t r i c  n e r v e s ,  n o r  s e c t i o n  o f  t h e  p u d e n d a l  n e r v e s  
a f f e c t e d  u r e t h r a l  r e s i s t a n c e .  A f t e r  t h e  d e a t h  o f  t h e  
a n i m a l  t h e  r e s i s t a n c e  f e I  I t o  a l o w  v a l u e .  G r i f f i t h s  
e m p h a s i s e d  t h e  i m p o r t a n c e  o f  p h y s i c a l  f a c t o r s ,  s u c h  a s  
s u r f a c e  t e n s i o n ,  i n  t h e  m a i n t e n a n c e  o f  u r i n a r y  c o n t i n e n c e .

G u y o n  ( 19 0 0 )  d e s c r i b e d  i n  d e t a i l  t h e  r e f l e x  r e s ­
p o n s e  o f  t h e  b l a d d e r  t o  d i s t e n s i o n  i n  c u r a r i s e d  d o g s  a n d  
s h o w e d  t h a t  t h e  r e f l e x  w a s  a b o l i s h e d  b y  p e l v i c  n e r v e  
s e c t i o n  b u t  w a s  n o t  a f f e c t e d  b y  s e c t i o n  o f  t h e  s y m p a t h e t i c  
n e r v e s .  T h i s  r e f l e x  c a m e  t o  b e  k n o w n  a s  G u y o n ' s  r e f l e x  
a n d  l a t e r  i t  b e c a m e  B a r r i n g t o n ' s  f i r s t  m i c t u r i t i o n  r e f l e x .  
S h a t t o c k  ( 1 9 0 8 )  f o u n d  t h a t  t h e  a p p l i c a t i o n  o f  c o c a i n e  t o  
t h e  b l a d d e r  m u c o s a  c a u s e d  a t e m p o r a r y  u r i n a r y  r e t e n t i o n  
d u e  t o  t h e  a b o l i t i o n  o f  t h i s  r e f l e x  r e s p o n s e  o f  t h e  b l a d d e r  
w a I  I t o  s t r e t c h .

I n  1 9 2 1 ,  B a r r i n g t o n  s u b d i v i d e d  t h e  p r o c e s s  o f  
m i c t u r i t i o n  i n t o  f i v e  r e f l e x e s .  He a d d e d  a s i x t h  i n  1931  
a n d  a  s e v e n t h  i n  1 9 4 1 .  T h e s e  r e f l e x e s  a r e  h e r e  p r e s e n t e d  
i n  t a b u l a r  f o r m ,  ( T a b l e  3 ) ,  b e c a u s e  o f  t h e i r  r e l e v a n c e  t o  

t h e  s u b j e c t  m a t t e r  o f  t h i s  t h e s i s .  H i s  c o n c e p t i o n  w a s  
b a s e d  o n  s t u d i e s  o f  t h e  p r e s s u r e  a n d  v o l u m e  o f  f l u i d  i n  
t h e  b l a d d e r  a n d  o f  t h e  r e s i s t a n c e  t o  f l o w  a l o n g  t h e  u r e t h r a .  
I t  c a n  b e  s e e n  f r o m  T a b l e  3 ,  t h a t  t w o  o ^  t h e s e  r e f l e x e s  

t h e  f o u r t h  a n d  t h e  f i f t h ,  h a v e  a s  t h e i r  e f f e c t o r  o r g a n  t h e  
e x t e r n a l  u r e t h r a l  s p h i n c t e r  a n d  t h a t  n e i t h e r  o f  t h e s e  
r e f l e x e s  p a s s e s  c r a n i a l  t o  t h e  l u m b a r  r e g i o n  o f  t h e  s p i n a l  
c o r d .  T h o s e  r e f l e x e s  w h i c h  h a v e  t h e  d e t r u s o r  m u s c l e  a s
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TABLE 3*

MICTURITION REFLEXES IN THE CAT ACCORDING TO BARRINGTON : 

THE TERMINOLOGY IS THAT OF BARRINGTON.

REFLEX ' THE STIMULUS ' INGOING PATH

......

' "CENTRE" OUTGOING PATH RESPONSE OF 
THE EFFECTOR

1 Distension of 
the bladder

Pelvio
nerves

Hind-brain Pelvio
nerves

Contraction of 
the bladder

2 Running water 
through the 
urethra

Pudendal
nerves

Hind-brain Pelvio
nerves

Contrastion of 
the bladder

3 Distension of 
the proximal 
urethra

Hypogastrie
nerves

Lumbar cord Hypogastric
nerves

Slight trans­
itory contrac­
tion of the 
bladder

If Running water 
through the 
urethra

Pudendal
nerves

Sacral cord Pudendal
nerves

Relaxation of 
the urethra

5 Distension of 
the bladder

Pelvio
nerves

Sacral cord Pudendal
nerves

Relaxation of 
the urethra

6 Distension of 
the bladder

Pelvio
nerves

Sacral cord Pelvio
nerves

Relaxation of 
the plain 
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t h e i r  e f f e c t o r ,  t h e  f i r s t  and second,  have a r e f l e x  c e n t r e  

in t h e  h in d  b r a i n  a t  t h e  l e v e l  o f  t h e  upper  p a r t  o f  t h e  

pons.  B a r r i n g t o n ' s  p ap e rs  form t h e  b a s is  o f  our  p r e s e n t  

day c o n c e p t  o f  t h e  r e f l e x  b a s is  o f  m i c t u r i t i o n  and t h e y  

r e p r e s e n t  t h e  most im p o r ta n t  s i n g l e  c o n t r i b u t i o n  t o  our  

knowledge o f  t h e  p h y s io lo g y  o f  t h e  u r i n a r y  t r a c t .

Denny Brown & Robertson ( 1 9 3 3 )  s t u d i e d  t h e  process  

o f  m i c t u r i t i o n  in t h r e e  normal men. They recorded  

s i m u l t a n e o u s l y  t h e  b e h a v io u r  o f  t h e  d e t r u s o r  and th e  

s p h i n c t e r s .  By p l a c i n g  c a t h e t e r s  a t  d i f f e r e n t  l e v e l s  in 

t h e  u r e t h r a  t h e y  found  t h a t  t h e y  co u ld  d i s s o c i a t e  t h e  

response o f  t h e  two s p h i n c t e r  muscles .  They a l s o  re c o rd e d  

t h e  b e h a v i o u r  o f  t h e  per ineum and o f  t h e  a n t e r i o r  abdominal  

w a l l  and t h e  p r e s s u r e  w i t h i n  t h e  rec tum .  They found  t h a t  

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

f i r s t  d e t e c t a b l e  e v e n t  was a b u l g i n g  o f  th e  per ineum .  

D e t r u s o r  c o n t r a c t i o n  preceded  t h e  opening o f  t h e  i n t e r n a l  

s p h i n c t e r  and t h i s  in  t u r n  preceded t h e  opening o f  t h e  

e x t e r n a l  s p h i n c t e r .  At t h e  end o f  m i c t u r i t i o n ,  o r  when 

an a t t e m p t  was made t o  a r r e s t  m i c t u r i t i o n  w h i l e  i t  was in  

p r o g r e s s ,  t h e  e x t e r n a l  s p h i n c t e r  c o n t r a c t e d  s h a r p ly  and 

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

l a t e r .  They a ) so found t h a t  t h e  e x t e r n a l  s p h i n c t e r  was 

c a p a b le  o f  v o l u n t a r y  c l o s i n g  but  c o u ld  not  be opened  

v o l u n t a r i l y .  The i n t r o d u c t i o n  o f  f l u i d  in to  t h e  

p o s t e r i o r  u r e t h r a  produced no s e n s a t io n  and was q u i t e  

i n e f f e c t i v e  as a s t i m u l u s  t o  b la d d e r  c o n t r a c t i o n .  As a 

r e s u l t  o f  t h i s  o b s e r v a t i o n  t h e y  were d o u b t fu l  o f  t h e
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p r e s e n c e  o f  B a r r i n g t o n ' s  s e c o n d  a n d  f o u r t h  m i c t u r i t i o n  
r e f l e x e s  i n  m a n .  I n  s p i n a l  ma n  s t i m u l a t i o n  o f  t h e  s o l e  o f  
t h e  f o o t  I e d  t o  a  p o w e r f u l  c o n t r a c t i o n  o f  t h e  e x t e r n a l  
s p h i n c t e r  w h i c h  i m m e d i a t e l y  s t o p p e d  t h e  s t r e a m  a n d  w a s  
f o l l o w e d  b y  r e l a x a t i o n  o f  t h e  v e s i c a l  d e t r u s o r .  T h i s  
p a p e r  i s  t h e  b a s i s  o f  m a n y  o f  t h e  c u r r e n t  t e x t b o o k  a c c o u n t s  
o f  t h e  p r o c e s s  o f  m i c t u r i t i o n  i n  m a n .

L a n g w o r t h y ,  D r e w  & V e s t  (  19 4 - 0 )  s t u d i e d  t h e  e f f e c t  
o f  v a r y i n g  t h e  i n t r a - u r e t h r a I  p r e s s u r e  o n  t h e  u r e t h r a l  
r e s i s t a n c e  i n  d e c e r e b r a t e  c a t s .  Whe n  t h e  i n t r a - u r e t h r a I  
p r e s s u r e  w a s  r a i s e d  g r a d u a l l y ,  t h e r e  w a s  a t  f i r s t  n o  f l o w ,  
a n d  l a t e r  w h e n  f l o w  s t a r t e d  i t  w a s  a t  f i r s t  s p u r t i n g  i n  
c h a r a c t e r  a n d  w a s  a s s o c i a t e d  w i t h  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  e x t e r n a l  u r e t h r a l  s p h i n c t e r  a n d  t h e  p e r i n e a l  
m u s c l e s .  A t  s t i  I I  h i g h e r  p r e s s u r e s  t h e r e  w a s  a c o n t i n ­
u o u s  f l o w .  Wh e n  t h e  p r e s s u r e  w a s  g r a d u a l l y  r e d u c e d ,  
t h e  s p u r t i n g  f l o w  r e c u r r e d ,  b u t  b o t h  t h e  i r r e g u l a r  f l o w  
a n d  t h e  c l o s u r e  o f  t h e  u r e t h r a  o c c u r r e d  a t  l o w e r  p r e s s u r e s  
t h a n  w h e n  t h e  p r e s s u r e  w a s  b e i n g  r a i s e d .  A s o m e w h a t  
s i m i l a r  p h e n o m e n o n  w a s  r e p o r t e d  i n  m a l e  d o g s  b y  M u g g i n s ,  
H a y m o n d  &  M c C a r r o I  ( 1 9 3 4 )  w h o  f o u n d  t h a t  d i s t e n s i o n  o f  
t h e  m e m b r a n e o u s  u r e t h r a  i n  t h e s e  a n i m a l s  p r o d u c e d  a 
r h y t h m i c  c o n t r a c t i o n  o f  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  
a n d  p e r i n e a l  s t r i p e d  m u s c l e s  wh i ch  t h e y  c a l  l e d  u r e t h r a l  
c l o n u s .  T h e y  c o n s i d e r e d  t h i s  t o  b e  t h e  n o r m a l  m e c h a n i s m  

o f  e j a c u l a t i o n .

N a t h a n  ( 1 9 5 2 )  s t u d i e d  s o m e  o f  t h e  m i c t u r i t i o n  
r e f l e x e s  i n  m e n .  He m e a s u r e d  b l a d d e r  p r e s s u r e  w h i l e  
m o v i n g  a  c y s t o s c o p e  w i t h i n  t h e  u r e t h r a ,  w h i l e  d i l a t i n g
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t h e  u r e t h r a  w i t h  t h e  bag o f  a Fo ley  c a t h e t e r ,  and w h i le  

i r r i g a t i n g  t h e  u r e t h r a  w i t h  s a l i n e .  In no in s ta n c e  did  

t h e  s u b j e c t  e x p e r i e n c e  a d e s i r e  t o  m i c t u r a t e  o r  was a 

r e f l e x  r i s e  in b l a d d e r  p r e s s u r e  re c o r d e d .  He conc luded ,  

t h a t  t h e r e  was no e v id e n c e  f o r  t h e  e x i s t e n c e  in man o f  

B a r r i n g t o n ' s  second and f o u r t h  r e f l e x e s  ( b l a d d e r  c o n t r a c ­

t i o n  and s p h i n c t e r  r e l a x a t i o n  in response t o  movement 

w i t h i n  o r  p e r f u s i o n  o f  t h e  u r e t h r a ) .  P r e v i o u s l y ,  Nathan  

b Sm ith  ( 1 9 5 1 )  had r e p o r t e d  t h a t  in a p e r c e n ta g e  o f  men 

a des i r e  t o  m i c t u r a t e  was produced when t h e  t i p  o f  a 

c a t h e t e r  was t r a v e r s i n g  t h e  membranous u r e t h r a ,  but  in 

no c as e  wqs t h i s  accompanied by any response from t h e  

v e s i c a I  waI I .

A s  w a s  s t a t e d  i n  p a r t  2 ,  e l e c t r i c a l  r e c o r d i n g  
m e t h o d s  o f f e r  c e r t a i n  a d v a n t a g e s  o v e r  m e c h a n i c a l  r e c o r d i n g  
m e t h o d s  i n  t h e  s t u d y  o f  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  a n d  
e s p e c i a l l y  o f  i t s  r e f l e x  b e h a v i o u r .  A n u m b e r  o f  w o r k e r s  
h a v e  u s e d  s u c h  m e t h o d s  t o  i n v e s t i g a t e  t h e  r e f l e x  b a s i s  
o f  m i c t u r i t i o n .

T h e  e a r l i e s t  i n v e s t i g a t i o n  o f  t h e  u r i n a r y  t r a c t  b y  
m e a n s  o f  e l e c t r i c a l  r e c o r d i n g ,  w a s  m a d e  b y  E v a n s  ( 1 9 3 6 ) ,  
w h o  r e c o r d e d  e f f e r e n t  a c t i v i t y  i n  t h e  n e r v e s  s u p p l y i n g  
t h e  b l a d d e r  a n d  t h e  u r e t h r a  i n  c a t s .  T w i g s  o f  t h e  p e l v i c  
n e r v e  p a s s i n g  t o  t h e  b l a d d e r  f u n d u s  a n d  t h e  p r o x i m a l  
u r e t h r a ,  s h o w e d  a  s i m i l a r  p a t t e r n  o f  d i s c h a r g e  —  a c o n s t a n t  
o u t f l o w  o f  i m p u l s e s  w h e n  t h e  b l  a d d e r  w a s  i n  a s t a t e  o f  
m o d e r a t e  c o n t r a c t i o n  a n d  t h i s  o u t f l o w  d i s a p p e a r e d  i f  t h e  
p r e s s u r e  i n  t h e  b l a d d e r  w a s  s u d d e n l y  r e d u c e d .  He w a s  
f o r c e d  t o  c o n c l u d e  t h a t  t h i s  d i s c h a r g e  w a s  m o t o r  t o  t h e  
b l a d d e r  w a i l  a n d  i n h i b i t o r  t o  t h e  r e g i o n  o f  t h e  i n t e r n a l  
s p h i n c t e r .  T h e  e x t e r n a l  s p h i n c t e r  w a s  k e p t  i n  a s t a t e
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o f  t o n i c  c o n t r a c t  i o n  b y  a  s t r e a m  o f  i m p u l s e s  p a s s i n g  o u t  
i n  t h e  p u d e n d a l  n e r v e s  a n d  t h e s e  i m p u l s e s  d i s a p p e a r e d  
c o m p l e t e l y  w h e n  b l a d d e r  p r e s s u r e  r e a c h e d  a  c r i t i c a l  
l e v e l .  E v a n s  r e c o r d e d  t h e  t o t a l  a c t i v i t y  i n  t h e  n e r v e s  
a n d  d i d  n o t  a t t e m p t  t o  o b t a i n  r e c o r d s  f r o m  t h e  i n d i v i d u a l  
n e r v e  f i b r e s  n o r  t o  r e c o r d  s e n s o r y  d i s c h a r g e s ,  n e v e r t h e l e s s  
h i s  p a p e r  m u s t  b e  r e g a r d e d  a s  b e i n g  o u t s t a n d i n g  c o n s i d e r i n g  
t h e  s i m p l e  e q u i p m e n t  w h i c h  h e  u s e d .

Newman ( 1 9 4 9 )  reco rd e d  e l e c t r i c a l l y  from t h e  

e x t e r n a l  u r e t h r a l  s p h i n c t e r  in women and concluded t h a t  

t h e  muscle  was not  in a s t a t e  o f  t o n i c  c o n t r a c t i o n  when 

t h e  s u b j e c t  was a t  r e s t .  V o lu n ta r y  in c re a s e  in i n t r a ­

abdominal p r e s s u r e ,  cough ing ,  or  v o l u n t a r y  a t te m p ts  to  

c o n t r a c t  t h e  s p h i n c t e r ,  produced a c t i v i t y  in t h e  e x t e r n a l  

u r e t h r a l  s p h i n c t e r ,  but  the  a p p l i c a t i o n  o f  p r e s s u r e  t o  

t h e  abdominal  w a l I  by t h e  o b s e r v e r  d id  not do so.

A t te m p ts  t o  v o i d  u r i n e  were preceded by spasmodic c o n t r a c ­

t i o n s  o f  t h e  m usc le .  The d e t a i l s  g iven  o f  t h e  r e c o r d in g  

t e c h n i q u e  used in t h i s  i n v e s t i g a t i o n  a r e  incom ple te  and t h e  

r e c o r d s  i n c l u d e d ,  a r e  not  c o n v in c in g .  I t  is d i f f i c u l t  

t o  d e c i d e  how much r e l  i ance can be put  on i t s  r e s u l t s ,  

e s p e c ia l  i y  s i n c e  t h e y  d i s a g r e e  w i t h  th o se  o f  most o f  

t h e  o t h e r  w o r k e r s .

F r a n k s o n  &  P e t e r s e n  ( 1 9 5 3 ) /  u n d e r  d i r e c t  e n d o -  ^ 
s c o p i c  o b s e r v a t i o n , i n s e r t e d  n e e d l e  e l e c t r o d e s  i n t o  t h e  
b l a d d e r  w a l l  a n d  i n t e r n a l  s p h i n c t e r  o f  n o r m a l  h u m a n  
s u b j e c t s .  T h e y  r e c o r d e d  i r r e g u l a r  b u r s t s  o f  a c t i v i t y  
s u p e r i m p o s e d  o n  a  c o n t i n u o u s  l o w  v o l t a g e  f l u c t u a t i o n  

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

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

W h e n  m i c t u r i t i o n  b e g a n ,  e l e c t r i c a l  a c t i v i t y  d i s a p p e a r e d  
f r o m  t h e  i n t e r n a l  s p h i n c t e r  a n d  a p p e a r e d  i n  t h e  b l a d d e r  
w a I  I .  T h e  s a m e  a u t h o r s  ( 1 9 5 5 ) ,  r e c o r d e d  e l e c t r i c a l l y  
f r o m  t h e  s t r i a t e d  m u s c l e  o f  t h e  h u m a n  m a l e  u r e t h r a .
T h e y  f o u n d  a  c o n t i n u o u s  r e s t i n g  t o n e  w h i c h  w a s  i n c r e a s e d  
o n  c o u g h i n g  o r  v o l u n t a r y  c o n t r a c t i o n .

T h e  m e c h a n i s m  w h e r e b y  v o l u n t a r y  c o n t r o l  i s  e x ­
e r c i s e d  o v e r  m i c t u r i t i o n  h a s  b e e n  t h e  s u b j e c t  o f  t h e o r i e s  
b y  m a n y  a u t h o r s ,  b u t  t h e  t r u e  p i c t u r e  i s  s t i l l  n o t  c l e a r ,  
G o l t z  ( 1 8 7 4 )  p r o p o s e d  a s c h e m e  w h i c h  w a s  s u b s e q u e n t l y  
a c c e p t e d  b y  o t h e r  a u t h o r s  a n d  w h i c h  a p p e a r e d  i n  t h e  
t e x t b o o k s  f o r  m a n y  y e a r s .  A c c o r d i n g  t o  t h i s  t h e o r y ,  
d i s t e n s i o n  o f  t h e  b l a d d e r  i n c r e a s e d  t h e  a m p l i t u d e  o f  
r h y t h m i c  c o n t r a c t i o n s  o f  t h e  b l a d d e r ,  u n t i  I a t  t h e  h e i g h t  
o f  o n e  o f  t h e s e  c o n t r a c t  i o n s ,  u r i n e  w a s  f o r c e d  i n t o  t h e  
p o s t e r i o r  u r e t h r a  w h e r e  i t  i r r i t a t e d  t h e  m u c u o u s  m e m b r a n e  
a n d  l e d  t o  a  s e n s a t i o n  " t h e  H a r n d r a n g " ,  w h i c h  p r o d u c e d  
a  d e s i r e  t o  m i c t u r a t e .  T h i s  s e n s a t i o n  w a s  e i t h e r  
c o n s c i o u s l y  r e p r e s s e d  a n d  t h e  e x t e r n a l  s p h i n c t e r  v o l u n t a r ­
i l y  c o n t r a c t e d  t o  m a i n t a i n  c o n t i n e n c e ,  o r  t h e  a b d o m i n a l  

m u s c l e s  c o n t r a c t e d  t o  r e i n f o r c e  t h e  v e s i c a l  c o n t r a c t i o n  
a n d  a s s i s t  i n  e v a c u a t i n g  t h e  b l a d d e r  c o n t e n t s .  T h i s  
s c h e m e  i s  c o m p a r a b l e  t o  t h e  s c h e m e  f o r  t h e  m a i n t e n a n c e  
o f  f a e c a l  c o n t i n e n c e  w h i c h  w a s  p r o p o s e d  b y  G a s t o n  ( 1 9 4 8 )  

a n d  b y  G o l i g h e r  &  H u g h e s  ( 1 9 5 1 ) ■

A t  l e a s t  o n e  a r g u m e n t  a g a i n s t  i t  i s  t h e  f a c t  t h a t  
D e n n y  B r o w n  &  R o b e r t s o n  ( 1 9 3 3 )  a n d  N a t h a n  ( 1 9 5 1 )  o o t n  
r e p o r t e d  t h a t  t h e  i n t r o d u c t i o n  o f  f l u i d  i n t o  t h e  p o s t e r i o r  
u r e t l i r a  d i d  n o t  g i v e  r i s e  t o  a d e s i r e  t o  m i c t u r a t e  n o r
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i n d e e d  t o  a n y  s e n s a t i o n .

s e v e r a l  a l t e r n a t i v e  s c h e m e s  h a v e  s i n c e  b e e n  
s u g g e s t e d .  H a l l e r  ( 1 8 7 8 ) ,  f o r  e x a m p l e ,  c o n s i d e r e d  t h a t  
m i c t u r i t i o n  w a s  i n i t i a t e d  b y  t h e  d i a p h r a g m  w h i c h  c o n t r a c t s  
a s  p a r t  o f  t h e  i n s p i r a t i o n  w h i c h  p r e c e d e s  t h e  v o i d i n g  o f  
u r i n e .  L e  G r o s  C l a r k V ^  ( 1 8 3 3 )  b e l i e v e d  t h a t  v o l u n t a r y  
r e l a x a t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r  w a s  r e s p o n s i b l e  f o r  
t h e  i n i t i a t i o n  o f  m i c t u r i t i o n .  N e i t h e r  o f  t h e s e  a u t h o r s  
p r o d u c e d  a n y  e x p e r i m e n t a l  e v i d e n c e  f o r  t h e i r  s u g g e s t i o n s .  
R e h f i s c h  ( 1 8 9 7 )  b e  I i  e v e d  t h e  i n t e r n a L  s p h i n c t e r  i n  t h e  
h u m a n  t o  b e  u n d e r  v o l u n t a r y  c o n t r o l  s i n c e  w h e n  a c a t h e t e r  
w a s  p a s s e d  u p  t h e  u r e t h r a  t o  l i e  w i t h i n  t h e  e x t e r n a l  
s p h i n c t e r  m u s c l e  a n d  h o l d  i t  o p e n ,  u r i n e  d i d  n o t  e s c a p e  
u n t i  I t h e  s u b j e c t  t r i e d  t o  u r i n a t e .  T h i s  f i n d i n g  h a s  
s i n c e  b e e n  c o n f i r m e d  b y  s e v e r a l  a u t h o r s  b u t  i t  d o e s  n o t  
n e c e s s a r i  l y  m e a n  t h a t  t h e  i n t e r n a l  s p h i n c t e r  c a n  b e  
r e l a x e d  v o l u n t a r i l y .  F e a r n s i d e s  ( 1 9 2 7 )  i n  h i s  r e v i e w  
s u g g e s t s  a  s c h e m e  o f  e v e n t s  t a k i n g  p l a c e  i n  n o r m a l  m i c t u r ­
i t i o n  w h i c h  i n v o k e s  t h e  e x t e r n a l  s p h i n c t e r  o n l y  t o  s t o p  

t h e  s t r e a m .  L e a r m o n t h  ( 1 9 3 0 ) ,  c l a i m e d  t h a t  t h e r e  w a s  
v o l u n t a r y  c o n t r o l  o v e r  t h e  i n t e r n a l  u r e t h r a l  s p h i n c t e r  
a n d  t h a t  t h i s  w a s  i m p o r t a n t  i n  v o l u n t a r y  m i c t u r i t i o n .
M O I I e r  ( 19 3 1 ) ,  o n  t h e  o t h e r  h a n d ,  s t a t e d  t h a t  w i l l e d  
m i c t u r i t i o n  c o u l d  o n l y  b e  s t a r t e d  b y  v o l u n t a r y  r e l a x a t i o n  
o f  t h e  e x t e r n a l  s p h i n c t e r  a n d  t h a t  t h i s  e v e n t  s t a r t e d  t h e  
a u t o n o m i c  r e f l e x e s  w h i c h  c a r r i e d  t h e  p r o c e s s  t h r o u g h  t o  
c o m p l e t i o n .  T h e  q u e s t i o n  i s  s t i l l  n o t  s e t t l e d ,  b u t  t h e  
m o s t  w i d e l y  a c c e p t e d  v i e w  i s  p r o b a b l y  t n a t  o f  D e n n y  d r o w n  
b* R o b e r t s o n ,  w h o  f o u n d  t h a t  t h e  e x t e r n a l  u r e t h r a l  
s p h i n c t e r  w a s  c a p a b l e  o f  v o l u n t a r y  c l o s i n g  b u t  c o u l d  n o t  
b e  o p e n e d  v o l u n t a r i l y ,  w h i l e  t h e  i n t e r n a I  s p n  i n c t e r  c o u I d
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n e i t h e r  be c o n tra c te d  n6r re la x e d  by th e  a c t io n  o f  th e  
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B .  D I S S E C T I O N  AND ARRANGEMENT OF A P P A R A T U S  FOR
R E C O R D I N G  FROM T H E  E X T E R N A L  URE TH RA L  S P H I N C T E R

T o  e x p o s e  t h e  u r e t h r a , a  m i d -  I i n e  v e n t r a l  i n c i s i o n  w a s
m a d e  i n  t h e  s k i n  o f  t h e  a n t e r i o r  a b d o m i n a l  w a l l ,  f r o m  a 
p o i n t  j u s t  a b o v e  t h e  p u b i c  c r e s t ,  t o  a p o i n t  o v e r l y i n g  
t h e  l o w e r  b o r d e r  o f  t h e  p u b i c  a r c h .  T h e  u n d e r l y i n g  
f a t  w a s  r e m o v e d  a n d  t h e  g r a c i  I i s  a n d  a d d u c t o r  l o n g u s  
m u s c l e s  w e r e  s e p a r a t e d  i n  t h e  m i d - l i n e ,  t o  e x p o s e  t h e  
w h o l e  l e n g t h  o f  t h e  p u b i c  s y m p h y s i s .  T h e  t e n d o n  o f  t h e  
r e c t u s  a b d o m i n i s  w a s  t h e n  d e t a c h e d  f r o m  t h e  p u b i c  c r e s t  
a n d  t h e  c a r t i l a g e  o f  t h e  p u b i c  s y m p h y s i s  w a s  i n c i s e d ,  
t a k i n g  c a r e  n o t  t o  d a m a g e  t h e  u n d e r l y i n g  s t r u c t u r e s .
T h e  p u b i c  b o n e s  w e r e  d r a w n  a p a r t  a n d  t h e  u n d e r l y i n g  f a t ,  
w h i c h  w a s  o f t e n  c o n s i d e r a b l e  i n  a m o u n t ,  w a s  r e m o v e d  u s i n g  
b l u n t  p o i n t e d  f o r c e p s .  T h e  a n t e r i o r  b o r d e r s  o f  t h e  p u b o -  
c a u d a i  m u s c l e  w h i c h  a r i s e s  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  p u b i c  s y m p h y s i s  w a s  d e t a c h e d  a n d  t h e  w h o l e  l e n g t h  o f  
t h e  u r e t h r a ,  f r o m  t h e  b l a d d e r  n e c k  d i s t a l l y ,  w a s  t h e n  

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

muse I e .

W h e n  t h e  r e f l e x e s  f r o m  t h e  b l a d d e r  t o  t h e  u r e t h r a  

w e r e  b e i n g  s t u d i e d ,  a s m a l l  o p e n i n g  w a s  m a d e  i n  t h e  w a l l  
o f  t h e  p r o x i m a l  u r e t h r a  b e t w e e n  t h e  b l a d d e r  n e c k  a n d  t h e  
e x t e r n a l  s p h i n c t e r .  T h e  t w i n - b o r e  c a n n u l a  w a s  p a s s e d  
i n t o  t h e  b l a d d e r  a n d  t i e d  i n ,  s o  t h a t  n o  f l u i d  c o u l d  
p a s s  f r o m  t h e  b l a d d e r  t o  t h e  u r e t h r a .  On e  I i m b  o f  t h  
c a n n u l a  w a s  c o n n e c t e d  t o  t h e  f l u i d  r e s e r v o i r  w h i c h  w a s
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m o u n t e d  o n  a n  a d j u s t a b l e  s t a n d  a n d  c o u l d  b e  r a i s e d  o r  
l o w e r e d  b e t w e e n  0  a n d  4 0  cm a b o v e  t h e  l e v e l  o f  t h e  

b l a d d e r .  A p u l l e y  s y s t e m  o p e r a t i n g  a p o t e n t i o m e t e r  w a s  
u s e d  t o  r e c o r d  t h e  h e i g h t  o f  t h e  r e s e r v o i r .  T h e  v o l u m e  
r e c o r d e r  w a s  c o n n e c t e d  t o  t h e  a i r - i n l e t  o f  t h e  r e s e r v o i r  
a n d  s o  g a v e  a  r e c o r d  o f  t h e  c h a n g e s  i n  b l a d d e r  v o l u m e .
T h e  s e c o n d  c h a n n e l  o f  t h e  c a n n u l a  w a s  c o n n e c t e d  b y  t u b i n g  
o f  m i n i m u m  v o l u m e  d i s p l a c e m e n t  t o  t h e  t r a n s d u c e r  m a n o m e t e r ,  
w h i c h  t h u s  r e c o r d e d  i n t r a - v e s i c a I  p r e s s u r e .  A p r e s s u r e  
s t a n d a r d  o f  4 0  cm I ^ O  w a s  u s e d  t o  c a  I i b r a t e  t h e  r e c o r d s .

A l l  f o u r  t r a c e s ,  b l a d d e r  v o l u m e  c h a n g e ,  b l a d d e r  
p r e s s u r e ,  h e i g h t  o f  r e s e r v o i r  a n d  e l e c t r i c a l  a c t i v i t y  o f  
t h e  e x t e r n a l  s p h i n c t e r ,  w e r e  d i s p l a y e d  s i m u l t a n e o u s l y ,  
t o g e t h e r  w i t h  a  t i m e  t r a c e ,  o n  t h e  E d i s w a n  p e n  r e c o r d e r .
T h e  a r r a n g e m e n t  o f  a p p a r a t u s  u s e d  f o r  s t u d y i n g  t h e  r e ­
f l e x e s  f r o m  t h e  b l a d d e r  t o  t h e  e x t e r n a  I u r e t h r a l  s p h i n c t e r  
i s  s h o w n  i n  f i g s .  3 9  &  4 0 .

l / h e n  t h e  r e f l e x e s  f r o m  t h e  u r e t h r a  w e r e  b e i n g  
s t u d i e d /  a  s i n g l e  b . r e  c a n n u l a  w a s  t i e d  i n t o  t h e  p r o x i m a l  
u r e t h r a  a n d  d i r e c t e d  d i s t a l  l y ,  a l t h o u g h  t h e  t i p  w a s  n o t  
a l l o w e d  t o  e x t e n d  a s  f a r  a s  t h e  e x t e r n a l  s p h i n c t e r .  A 
t w i n —b o r e  c a n n u l a  w a s  p a s s e d  i n t o  t h e  b l a d d e r  a s  b e f o r e  
s o  t h a t  b l a d d e r  v o l u m e  c o u l d  b e  c o n t r o l l e d  a n d  b l a d d e r  
p r e s s u r e  r e c o r d e d  i f  d e s i r e d .  T h e  s i n g l e - b o r e  c a n n u l a  
w § s  c o n n e c t e d  t h r o u g h  a t h r e e - w a y  t a p  t o  a  s e c o n d  f l u i d  

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

a t  a n y  l e v e l  b e t w e e n  0  a n d  6 0  cm a b o v e  t h e  l e v e l  o f  t h e  
u r e t h r a .  P r e s s u r e  i n  t h e  u r e t h r a  c o u l d  o e  r a i s e d  
g r a d u a l l y  b y  r a i s i n g  t h e  r e s e r v o i r  w i t h  t h e  t a p  o p e n ,  o r  
s u d d e n l y  b y  f i r s t  r a i s i n g  t h e  r e s e r v o i r  a n d  t h e n  o p e n i n g



t h e  t a p .  W h e n  t h e  t a p  w a s  o p e n e d ,  f l u i d  f l o w e d  d i s t a l  l y  
a l o n g  t h e  u r e t h r a  a n d  e s c a p e d  f r o m  t h e  e x t e r n a l  m e a t u s .
I n  t h e s e  e x p e r i m e n t s  t h e  v o l u m e  r e c o r d e r  w a s  u s e d  e i t h e r  
t o  r e c o r d  c h a n g e s  i n  b l a d d e r  v o l u m e  o r  t o  r e c o r d  f l o w  
a l o n g  t h e  u r e t h r a .
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C .  E X P E K I  M E N T A L  R E S U L T S

I • . T h e  S p h i n c t e r  M e c h a n i s m s  o f  t h e  U r e t h r a

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  t h e  r e f l e x  b e h a v i o u r  
o f  t h e  i n t e r n a l  s p h i n c t e r  m e c h a n i s m  w a s  n o t  s t u d i e d ,  b u t  
s o m e  i n f o r m a t i o n  w a s  o b t a i n e d  a b o u t  t h e  c a p a c i t y  o f  t h i s  
m u s c l e  t o  c l o s e  t h e  u r e t h r a .  T h e  b e h a v i o u r  o f  t h e  u r e ­
t h r a l  s p h i n c t e r  m u s c l e s  w a s  s t u d i e d  i n  t e r m s  o f  t h e  r e s i s t ­
a n c e  o f f e r e d  t o  t h e  f l o w  o f  f l u i d  a l o n g  t h e  u r e t h r a .  Tw o  
m e a s u r e m e n t s  o f  t h i s  r e s i s t a n c e  c a n  b e  m a d e  : f i r s t ,  t h e  
o p e n i n g  p r e s s u r e  w h i c h  w a s  m e a s u r e d  a s  t h e  h e i g h t  t o  w h i c h  
t h e  r e s e r v o  i r  w a s  r e q u i r e d  t o  b e  r a i s e d  b e f o r e  f l o w  a l o n g  
t h e  u r e t h r a  s t a r t e d  a n d  s e c o n d ,  t h e  p r e s s u r e  n e e d e d  t o  
m a i n t a i n  f l o w  a f t e r  i t  h a d  s t a r t e d .  T h i s  l a t t e r  p r e s s u r e  
w a s  f o u n d  t o  b e  l o w e r  t h a n  t h e  o p e n i n g  p r e s s u r e  i n  t h e  
c a t  w i t h  i n t a c t  u r e t h r a l  i n n e r v a t i o n ,  i n  t h e  c a t  w i t h  
p u d e n d a l  n e r v e s  c u t ,  i n  t h e  c a t  a f t e r  s p i n a l  a n a e s t h e s i a  
a n d  i n  t h e  r e c e n t l y  d e a d  c a t .  T h e  t e r m  r e s i s t a n c e  i s  

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

I n  c a t s  i n  w h i c h  b o t h  p u d e n d a l  n e r v e s  h a d  b e e n  
c u t  a n d  i n  w h i c h  t h e  t o n e  o f  t h e  i n t e r n a l  s p h i n c t e r  p r e ­
s u m a b l y  r e m a i n e d  i n t a c t ,  t h e  o p e n i n g  p r e s s u r e  w a s  a b o u t  
3 0  c m H2O f o r  m a l e  c a t s .  T h e  o p e n i n g  p r e s s u r e  o f  t h e  
f e m a l e  u r e t h r a  t e n d e d  t o  b e  a b o u t  10 cm h ^ O l o w e r  t h a n  
t h a t  o f  t b e  m a l e  u r e t h r a .  T h i s  d i f f e r e n c e  w a s  p r e s u m a b l y  
r e l a t e d  t o  t h e  s h o r t e r  l e n g t h  o f  t h e  u r e t h r a  i n  t h e  f e m a l e .  
I n  n e i t h e r  s e x  d i d  a  s i g n i f i c a n t  c h a n g e  i n  r e s i s t a n c e  
f o I  I o w  s p  i n a l  a n a e s t h e s i a ,  p r o d u c e d  b y  i n t r a t h e c a l  
i n j e c t i o n  o f  I ml  o f  a  \% p r o c a i n e  s o l u t i o n ,  a t  t h e  s a c r a l  
l e v e l .  On t h e  d e a t h  o f  t h e  a n i m a l ,  t h e  r e s i s t a n c e  f e l l
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a f t e r  t h e  i n i t i a l  p e r f u s i o n  t o  5  cm H2 0  o r  l e s s ,  b e i n g  
s l i g h t l y  h i g h e r  i n  t h e  m a l e  t h a n  i n  t h e  f e m a l e ,  t h o u g h  
i t  w a s  d i f f i c u l t  t o  o b t a i n  a d e f i n i t e  l e v e l  s i n c e  c h a n g e s  
i n  t h e  p h y s i c a l  s t a t e  o f  t h e  u r e t h r a l  w a l l  c o n t i n u e d  f o r  
s o m e  t i m e  a f t e r  t h e  d e a t h  o f  t h e  a n i m a l .

S e c t i o n  o f  t h e  h y p o g a s t r i c  n e r v e s  i n  c a t s  i n  w h i c h  
t h e  p u d e n d a l  n e r v e s  h a d  p r e v i o u s l y  b e e n  c u t ,  d i d  n o t  a l t e r  
t h e  o p e n i n g  p r e s s u r e .  S t i m u l a t i o n  o f  t h e  p e r i p h e r a l  
e n d  o f  t h e  c u t  h y p o g a s t r i c  n e r v e ,  w h i l e  f l u i d  w a s  f l o w i n g  
a l o n g  t h e  u r e t h r a  f r o m  a r e s e r v o i r  a b o v e  t h e  b l a d d e r ,  
s t o p p e d  t h e  f l o w  ( f i g .  41  D )  a n d  t h e  o p t i m u m  f r e q u e n c y  o f  
s t i m u l a t i o n  f o r  p r o d u c i n g  t h i s  e f f e c t  w a s  5 0 /  s e c o n d .
T h e  i n c r e a s e  i n  r e s i s t a n c e  p r o d u c e d  i n  t h i s  w a y  w a s  l e s s  
t h a n  t h a t  p r o d u c e d  b y  s t i m u l a t i o n  o f  t h e  p u d e n d a l  n e r v e s  
a n d  t h e  e f f e c t  d e v e l o p e d  m o r e  s l o w l y  a n d  d i s a p p e a r e d  m o r e  
s l o w l y  w h e n  s t i m u l a t i o n  c e a s e d .  I n  a d d i t i o n ,  t h e  e f f e c t  
w a s  m o r e  e a s i  l y  f a t i g u e d  a n d  c e a s e d  i n  o n e  t o  t w o  m i n u t e s  
e v e n  t h o u g h  s t i m u l a t i o n  w a s  m a i n t a i n e d .  T h i s  e f f e c t  o f  
h y p o g a s t r i c  n e r v e  s t i m u l a t i o n  u p o n  u r e t h r a l  r e s i s t a n c e  
w a s  s i g n i f i c a n t  o n l y  i n  m a l e  a n i m a l s .

M e a s u r e m e n t s  o f  u r e t h r a l  r e s i s t a n c e  i n  a n i m a l s  
w i t h  i n t a c t  p u d e n d a l  i n n e r v a t i o n  w e r e  c o m p l i c a t e d  b y  
t h e  p o w e r f u l  r e f l e x e s  w h i c h  d e v e l o p e d  ( f i g «  4 7 )  a s  t h e  
i n t r a - u r e t h r a I  p r e s s u r e  w a s  r a i s e d .  T h e  r e s u l t s  w e r e  
t h u s  u n s a t i s f a c t o r y . I n v e s t i g a t i o n s  o f  t h e  s t r e n g t h  
a n d  n a t u r e  o f  t h e  e x t e r n a l  s p h i n c t e r  m e c h a n i s m  b y  
s t i m u l a t i o n  o f  t h e  p u d e n d a l  n e r v e s ,  p r o v e d  m o r e  u s e f u l .  
S t i m u l a t i o n  o f  t h e  p e r i p h e r a l  e n d  o f  o n e  p u d e n d a l  n e r v e ,  
a t  f r e q u e n c i e s  o f  2 0 /  s e c o n d  o r  a b o v e ,  i n  a n i m a l s  i n  
w h i c h  b o t h  p u d e n d a l  n e r v e s  h a d  b e e n  c u t ,  I e d  t o  a m a r k e d
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i n c r e a s e  i n  u r e t h r a l  r e s i s t a n c e .  I f  t h i s  p r o c e d u r e  

w a s  c a r r i e d  o u t  w h i l e  f l u i d  w a s  f l o w i n g ,  t h e  f l o w  i m m e d ­
i a t e l y  s t o p p e d  ( f i g .  41  B ) .

T h i s  e f f e c t  w a s  s t r o n g  i n  b o t h  s e x e s  a n d  p a r t i c ­
u l a r l y  s o  i n  t h e  m a l e  w h e r e  p r e s s u r e s  u p  t o  2 0 0  cm H9 0 
w e r e  r e s i s t e d ,  p r e s s u r e s  w e l l  a b o v e  t h o s e  n o r m a l l y  
d e v e l o p e d  i n  t h e  c a t  b l a d d e r .  T h e r e  a p p e a r e d  t o  b e  
n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  s t r e n g t h s  o f  t h e  
r e s p o n s e s  o b t a i n e d  w h e n  b o t h  n e r v e s  w e r e  s t i m u l a t e d  a n d  
w h e n  o n l y  o n e  n e r v e  w q s  s t i m u l a t e d .  S t i m u l a t i o n  a t  l o w  
f r e q u e n c i e s ,  I t o  10 /  s e c o n d ,  l e d  t o  r h y t h m i c  c o n t r a c t i o n s  
o f  t h e  e x t e r n a l  s p h i n c t e r .  T h e s e  w e r e  a s s o c i a t e d  w i t h  
p o w e r f u l  e j e c t i o n  o f  s p u r t s  o f  f l u i d  f r o m  t h e  e x t e r n a l  
m e a t u s ,  t h e  s p h i n c t e r  a c t i n g  a s  a u r e t h r a l  e m p t y i n g  
m e c h a n i s m ,  b u t  s t i m u l a t i o n  a t  t h e s e  f r e q u e n c i e s  d i d  n o t  
a f f e c t  t h e  t o t a l  v o l u m e  f l o w i n g  a l o n g  t h e  u r e t h r a  f r o m  a 
r e s e r v o i r ,  i n  a  g i v e n  p e r i o d  o f  t i m e .  I f  t h e  s t i m u l a t i o n  
f r e q u e n c y  w a s  g r a d u a l l y  a n d  p r o g r e s s i v e I y  i n c r e a s e d  w h i l e  
f l u i d  w a s  f l o w i n g  a l o n g  t h e  u r e t h r a  f r o m  a r e s e r v o i r ,  t h e  
r a t e  o f  f l o w  w a s  n o t  s i g n i f i c a n t l y  a f f e c t e d  u n t i l  t h e  
f r e q u e n c y  r e a c h e d  t h a t  n e c e s s a r y  f o r  t e t a n i c  c o n t r a c t i o n  
o f  t h e  e x t e r n a l  s p h i n c t e r ,  n o r m a l l y  15 t o  2 0 /  s e c o n d .
Wh en  t h i s  f r e q u e n c y  w a s  r e a c h e d  t h e  f l o w  s t o p p e d  i m m e d i a t ­

e l y  ( f i g .  41  C ) .

I t  s h o u l d  b e  e m p h a s i s e d  t h a t  t h e  c o n d i t i o n  o f  
s y n c h r o n o u s  m a x i m a l  c o n t r a c t i o n  o f  a l l  t h e  m o t o r  u n i t s  i n  
t h e  m u s c l e  w h i c h  i s  p r o d u c e d  i n  t h i s  w a y ,  w i l l  b e  v e r y  
d i f f e r e n t  f r o m  t h e  n o r m a l l y  o c c u r i n g  c o n d i t i o n  o f  a s y n ­
c h r o n o u s  p a r t i a l  t e t a n u s .  T h i s  c o n d i t i o n  i s  s e e n  i n  t h e  
e I e c t r o m y o g r a p h i c  r e c o r d s  o b t a i n e d  f r o m  d e c e r e b r a t e  c a t s
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w i t h  i n t a c t  p u d e n d a l  i n n e r v a t i o n  w h e r e  t h e  m a x i m u m  
r e s i s t a n c e  o f f e r e d  b y  t h e  e x t e r n a l  s p h i n c t e r ,  r e f l e x l y  
e l i c i t e d ,  r a r e l y  e x c e e d s  3 0  cm W f l  ( f i g .  4 7 ) .  On t h e  
o t h e r  h a n d  t h e r e  i s  e v i d e n c e  t h a t  t h e  s p h i n c t e r  a c t s  a s  
a  t a p  a l s o  u n d e r  t h e s e  c o n d i t i o n s .  Whe n  t h e  a c t i v i t y  
o f  t h e  s p h i n c t e r  i s  r e f l e x l y  i n h i b i t e d ,  t h e r e  i s  a m a r k e d  
d r o p  i n  u r e t h r a l  r e s i s t a n c e  a n d  i f  a p e r f u s i n g  p r e s s u r e
i s  b e i n g  a p p l i e d  t o  t h e  u r e t h r a  a t  t h i s  t i m e ,  f l o w  a l o n g

t h e  u r e t h r a  s t a r t s  w i t h  c h a r a c t e r i s t i c  s u d d e n n e s s  
( f i g .  5 2 ) .  A t  t h e  s a m e  t i m e  i t  c a n  b e  s e e n  f r o m  t h i s  
s a m e  f i g u r e ,  t h a t  w h e n  t h e  i n h i b i t o r y  s t a t e  i s  p a s s i n g  o f f  
a n d  a c t i v i t y  i s  r e t u r n i n g  t o  t h e  e x t e r n a l  s p h i n c t e r ,  i t  
d o e s  s o  i n  t h e  f o r m  o f  r h y t h m i c  b u r s t s  a n d  t h e  s p h i n c t e r  

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

2 •  T o n e  i n  t h e  E x t e r n a l  U r e t h r a l  S p h i n c t e r

W h e n  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  i s  e x p o s e d
w i t h  a  m i n i m u m  o f  o p e r a t i v e  t r a u m a ,  t h e  u r e t h r a l  w a l l  
s t i l l  b e i n g  i n t a c t  a n d  n o  f o r e i g n  b o d y  l y i n g  i n  t h e  
u r e t h r a ,  a  c o n t i n u o u s  t o n i c  d i s c h a r g e  o f  l o w  f r e q u e n c y  
a n d  s m a l  I a mp  I i t u d e  c a n  b e  r e c o r d e d  f r o m  e l e c t r o d e s  
p l a c e d  o n  t h e  s u r f a c e  o f  t h e  m u s c l e .  A s  i n  t h e  c a s e  o f  
t h e  e x t e r n a l  a n a l  s p h i n c t e r ,  a d i s c h a r g e  f r o m  s i n g l e  u n i t s  
c o u l d  b e  r e c o r d e d  w i t h  s u i t a b l e  p l a c i n g  o f  t h e  e l e c t r o d e s  
( f i g .  4 2  A ) ,  b u t  i n  g e n e r a l  a  d i s c h a r g e  s h o w i n g  t h e  
a c t i v i t y  o f  s e v e r a l  m o t o r  u n i t s  w a s  m o r e  s u i t a b l e .
Changes in  a c t i v i t y  were judged  by changes in t h e  o v e r a l l  

amp I i t u d e  o f  t h e  d i s c h a r g e  and t o  some e x t e n t  a ls o  by
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c h a n g e s  i n  " t h e  ‘F r e q u e n c y  o F  " t he  c o m b i n e d  d i s c h a r g e  o F  
s e v e r a l  m o t o r  u n i t s .

A s  i n  t h e  c a s e  o f  t h e  e x t e r n a l  a n a l  s p h i n c t e r ,  
t h e  l e v e l  o f  t h e  d i s c h a r g e  d i d  n o t  c h a n g e  w i t h  t i m e  i n  
t h e  c o u r s e  o f  a n  a c u t e  e x p e r i m e n t .  T h e  d i s c h a r g e  w a s  
a b o l i s h e d  b y  m o d e r a t e l y  d e e p  g e n e r a l  a n a e s t h e s i a  a n d  b y  
s p i n a l  a n a e s t h e s i a  a t  t h e  s a c r a l  l e v e l ,  b u t  i t  p e r s i s t e d  
a f t e r  s e c t i o n  o f  t h e  p e l v i c  n e r v e s .  I t  w a s  s t i l l  p r e s e n t  
a n d  u s u a l  l y  i n c r e a s e d  a f t e r  s e c t i o n  o f  t h e  s p i n a l  c o r d  
( F i g *  4 6 )  o r  a f t e r  d e s t r u c t i o n  o f  t h e  l u m b a r  s y m p a t h e t i c  
o u t f l o w .  H e r e  a g a i n  a p o t e n t i a l l y  p a i n f u l  c u t a n e o u s  
s t i m u l u s ,  e s p e c i a l l y  i f  a p p l i e d  t .  t h e  p e r i n e a l  r e g i o n ,  
c a u s e d  a  b r i e f  b u r s t  o f  a c t i v i t y ,  w h i l e  p r e s s u r e  a p p l i e d  
o v e r  t h e  l o w e r  a n t e r i o r  a b d o m i n a l  w a l l  c a u s e d  a s u s t a i n e d  
i n c r e a s e  i n  d i s c h a r g e .  M e c h a n i c a l  s t i m u l a t i o n  o f  t h e  
u r e t h r a l  w a l l  o r  t h e  p e r i - u r e t h r a  I t i s s u e  f r o m  t h e  e x t e r i o r  
w i t h  a  p r o b e ,  c a u s e d  a b r i e f  b u r s t  o f  a c t i v i t y ,  t h o u g h  
t h e  m o s t  p o t e n t  a u g m e n t a t i v e  s t i m u l u s  w a s  o n e  a p p l i e d  t o  
t h e  i n t e r i o r  o f  t h e  u r e t h r a .  T h i s  i s  m o r e  f u l l y  d e a l t  
w i t h  l a t e r .

3 ■ i v e f l e x e s  f r o m  t h e  B l a d d e r  t o  t h e  E x t e r n a l  

U r e t h r a l  S p h i n c t e r

T h e  r e s t i n g  d i s c h a r g e  f r o m  t h e  e x t e r n a l  u r e t h r a l  
s p h i n c t e r  i s  o f  l o w  f r e q u e n c y  w h e n  t h e  b l a d d e r  i s  e m p t y  
b u t  a s  t h e  b l a d d e r  b e g i n s  t o  f i l l  t h e r e  i s  a n  i n c r e a s e  i n  
t h e  f r e q u e n c y  o f  t h e  d i s c h a r g e .  T h i s  i n c r e a s e  i s  b e s t  
s e e n  i n  f i g .  44  b u t  c a n  b e  s e e n  a l s o  i n  f i g . 43*  T h e  
i n c r e a s e  p r o d u c e d  i n  t h i s  w a y  i s  n e v e r  v a r y  m a r k e d  a n d  
n e v e r  l a r g e  e n o u g h  t o  c a u s e  a  v i s i b l e  c o n t r a c t i o n  o F  t h e
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m u s c l e .  On ■ the  o t h e r  h a n d ,  i t  w a s  o b s e r v e d  i n  t h e  
m a j o r i t y  o f "  c a s e s  a n d  w o u l d  s e e m  t o  b e  a r e a l  r e s p o n s e ,  

p r e s u m a b l y  r e f l e x  a n d  p r o b a b l y  a n a l o g o u s  t o  t h e  i n i t i a l  “ “ 
i n c r e a s e  i n  a n a l  s p h i n c t e r  d i s c h a r g e  s e e n  o n  r e c t a l  
d i s t e n s i o n  ( f i g .  3 2 ) ,

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

m o r e  o r  l e s s  c o n s t a n t  f o r  a p e r i o d  t h e r e a f t e r  ( f i g .  4 3 ) .  
Wh e n  a  c e r t a i n  d e g r e e  o f  f i l l i n g  i s  r e a c h e d  t w o  m a r k e d  
r e s p o n s e s  t a k e  p l a c e ,  b o t h  t a k e  s e v e r a l  s e c o n d s  t o  
d e v e l o p  f u l l y  : I .  s p h i n c t e r  a c t i v i t y  d e c r e a s e s  a n d  t h e n  
c e a s e s  e n t i r e l y  ( 3 a r r i n g t o n ' s  f i f t h  r e f l e x )  a n d  2 :  B l a d d e r  
p r e s s u r e  r i s e s  s h a r p l y  a n d  e x c e e d s  t h e  f i l l i n g  p r e s s u r e  
l e a d i n g ,  w i t h  t h e  s y s t e m  u s e d  h e r e ,  t o  t h e  r e t u r n  o f  

f l u i d  t o  t h e  r e s e r v o i r  ( B a r r i n g t o n ' s  f i r s t  r e f l e x ) .

I n  m o s t  c a s e s  t h e  r e s p o n s e  o f  t h e  e x t e r n a l  
s p h i n c t e r  a n d  t h e  r e s p o n s e  o f  t h e  b l a d d e r  a p p e a r  t o  s t a r t  
a t  a b o u t  t h e  s a m e  t i m e  ( f i g .  44 ) a n d  i n  s o m e  c a s e s  t h e  
s p h i n c t e r  r e s p o n s e  f o l l o w s  t h a t  o f  t h e  b l a d d e r ,  b u t  o f t e n ,  
a s  i n  f i g .  4 3 ,  t h e  r e d u c t i o n  i n  s p h i n c t e r  a c t i v i t y  
c l e a r l y  p r e c e d e s  t h e  r i s e  i n  b l a d d e r  p r e s s u r e ,  i n  t h i s  
c a s e  b y  o v e r  2 0  s e c o n d s  a n d  c o m p l e t e  i n h i b i t i o n  o f  t h e  
s p h i n c t e r  d i s c h a r g e  d e v e l o p s  w h i l e  t h e  v o l u m e  o f  t h e  
b l a d d e r  i s  i n c r e a s i n g ,  b u t  d u r i n g  a p e r i o d  w h e n  t h e  

i n t r a - v e s  i c a I  p r e s s u r e  r e m a i n s  c o n s t a n t .

W h e n  t h e  o u t f l o w  f r o m  t h e  p a r t i a l l y  f i l l e d  
b l a d d e r  t o  t h e  r e s e r v o i r  i s  c l o s e d ,  s o  t h a t  c h a n g e  i n  
v o l u m e  o f  t h e  b l a d d e r  i s  n o t  p e r m i t t e d ,  t h e n  t h e  d e t r u s o r  
m u s c l e  o f t e n  e x h i b i t s  a s e r i e s  o f  s p o n t a n e o u s  i s o m e t r i c
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c o n t r a c t i o n s ,  f i r s t  d e s c r i b e d  b y  Me I I a n b y  O' P r a t t  ( 1 9 4 0 ) .  
T h e  i s o m e t r i c  c o n t r a c t i o n s  a r e  a l s o  a c c o m p a n i e d  b y  
r e d u c e d  s p h i n c t e r  a c t i v i t y  ( f i g . 4 5 ) ,  a n d  i n  t h i s  c a s e  
t h e  r e d u c t i o n  d e v e l o p s  d u r i n g  a  p e r i o d  o f  c o n s t a n t  
b l a d d e r  v o l u m e  a n d  r i s i n g  i n t r a - v e s i c a I  p r e s s u r e .

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

t h e  d u r a t i o n  o f  a n  a c u t e  e x p e r i m e n t  ;  i n d e e d  B a r r i n g t o n  
( l 9 2 l )  f o u n d  t h a t  t h i s  r e f l e x  w a s  s t i l l  a b s e n t  t h i r t y  
f i v e  d a y s  a f t e r  s e c t i o n  o f  t h e  c o r d .  N e v e r t h e l e s s ,  
f i l l i n g  o f  t h e  b l a d d e r ,  a f t e r  i s o l a t i o n  o f  t h e  l u m b o ­
s a c r a l  c o r d ,  i s  s t i l l  a c c o m p a n i e d  b y  r e d u c t i o n  o f  s p h i n c ­
t e r  a c t i v i t y  i n  t h e  c o m p l e t e  a b s e n c e  o f  b l a d d e r  c o n t r a c ­
t i o n ,  a l t h o u g h  t h i s  r e d u c t i o n  i s  l e s s  m a r k e d  t h a n  i n  
c a s e s  w h e r e  b l a d d e r  c o n t r a c t i o n  t a k e s  p l a c e ,  p o s s i b l y  
b e c a u s e  o f  t h e  l o w e r  i n t r a - v e s i c a I  p r e s s u r e s  d e v e l o p e d .

4 ■  R e f l e x e s  f r o m  t h e  U r e t h r a  t o  t h e _ E x t e r n a 1 

U r e t h r a l  S p h i n c t e r

I f  a n  a t t e m p t  i s  m a d e  t o  f o r c e  f l u i d  d i s t a l l y  
a l o n g  t h e  u r e t h r a ,  b y  g r a d u a l  l y  r a i s i n g  t h e  l e v e l  o f  a 
r e s e r v o i r  c o n n e c t e d  t o  a c a n n u l a  l y i n g  i n  t h e  p r o x i m a l  
u r e t h r a ,  w h e n  t h e  b l a d d e r  i s  e m p t y  o r  c o n t a i n s  o n l y  a 
s m a l  I v o l u m e  o f  f l  u i d ,  a p r o g r e s s i v e  i n c r e a s e  i n  t h e  
a c t i v i t y  o f  t h e  s p h i n c t e r  i s  p r o d u c e d  ( f i g « 4 7 )  a n d  t h e  
s p h  i n c t e r .  ' g u a r d s '  a g a i n s t  t h e  e s c a p e  o f  f l u i d .  F o r
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c o n v e n i e n c e  i n  t h e  s u b s e q u e n t  d i s c u s s i o n  t h i s  r e s p o n s e  
i s  r e f e r r e d  t o  a s  t h e  U r e t h r a l  ' g u a r d i n g  r e f l e x ' .
A c t u a l  f l o w  a l o n g  t h e  u r e t h r a  i s  n o t  e s s e n t i a l  f o r  t h i s  
r e s p o n s e  s i n c e  a n  a p p r e c i a b l e  i n c r e a s e  i n  e l e c t r i c a l  
d i s c h a r g e  t a k e s  p l a c e  b e f o r e  f l o w  h a s  s t a r t e d  ( f i g .  4 7 )  a n d  
a  c o n s i d e r a b l e  i n c r e a s e  i n  d i s c h a r g e  c a n  b e  p r o d u c e d  b y  
s u d d e n  d i s t e n s i o n  o f  t h e  u r e t h r a  a f t e r  i t  h a s  b e e n  t i e d  
o f f  d i s t a l l y  ( f i g .  5 0 ) .  A s i m i l a r  a u g m e n t i v e  r e f l e x  
c a n  b e  p r o d u c e d  b y  m e c h a n i c a l  s t i m u l a t i o n  o f  t h e  i n t e r i o r  
o f  t h e  u r e t h r a  w i t h  a  s o l i d  f o r e i g n  b o d y .  T h u s ,  t h e  
m o v e m e n t  o f  a  m e t a l  c a n n u l a  o r  a s m o o t h  p i e c e  o f  p o l y ­
t h e n e  t u b i n g  t o  a n d  f r o  w i t h i n  t h e  u r e t h r a  ( f i g .  4 8 A )  
i s  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  s p h i n c t e r  d i s c h a r g e .
S o  a  I s o  i s  t h e  i n f l a t i o n  o f  a s m a l l  c o n d o m  r u b b e r  b a l l o o n  
l y i n g  i n  t h e  u r e t h r a  b e n e a t h  t h e  e x t e r n a l  s p h i n c t e r  
( f i 9 »  4 8 B ) .  I n  a  f e w  e x p e r i m e n t s  t h e  u r e t h r a  w a s  s l i t  
u p  i t s  v e n t r a l  s u r f a c e  a n d  s o  c o n v e r t e d  i n t o  a  n a r r o w  
s t r i p  o f  t i s s u e  c o v e r e d  w i t h  m u c o u s  m e m b r a n e .  I n  
t h e s e  c a s e s  l i g h t  m e c h a n i c a l  s t i m u l a t i o n  o f  t h e  e x p o s e d  
m u c o s a l  s u r f a c e  w i t h  a  f i n e  p r o b e  w a s  a n  e f f e c t i v e  
s t i m u l u s  t o  i n c r e a s e d  d i s c h a r g e .  I t  w a s  n o t  p o s s i b l e  
t o  d e c i d e  w h e t h e r  s t r e t c h  o f  t h e  u r e t h r a l  w a I  I o r  m e c h a n ­
i c a l  s t i m u l a t i o n  o f  t h e  m u c o s a l  s u r f a c e  i s  t h e  m o r e  
e f f e c t i v e  s t i m u l u s  i n  t h e  p r o d u c t i o n  o f  t h e s e  r e f l e x e s  -  
i t  w o u l d  s e e m  t h a t  b o t h  t y p e s  o f  s t i m u l a t i o n  a r e  e f f e c t i v e .

P r e s s u r e s  i n  e x c e s s  o f  5 0  cm I ^ O  c a n  f o r c e  f l u i d  
a l o n g  t h e  u r e t h r a  p a s t  t h e  p o w e r f u l l y  c o n t r a c t e d  e x t e r n a l  
s p h i n c t e r  ( f i g .  4 7 )  a n d  i n  s u c h  a n  e x p e r i m e n t ,  i f  t h e  
p r e s s u r e  i s  n o w  g r a d u a l l y  r e d u c e d ,  f l u i d  c o n t i n u e s  t o  p a s s  
a l o n g  t h e  u r e t h r a  a t  p r e s s u r e s  w h i c h  a r e  s i g n i f i c a n t l y



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

t h e  d i s c h a r g e  t o  t h e  e x t e r n a l  s p h i n c t e r ,  t h e  m u s c l e  i s  
s t i l l  v e r y  a c t i v e .  T h e  g r a d u a  I d i m i n u t i o n  i n  t h e  
a c t i v i t y  o f  t h e  s p h i n c t e r  w h i c h  u c c u r s  a f t e r  f l o w  h a s  — ■" 
s t a r t e d  c o i n c i d e s  w i t h  a p r o g r e s s i v e  r e d u c t i o n  i n  t h e  
p e r f u s i o n  p r e s s u r e ,  d u e  t o  l o w e r i n g  o f  t h e  f l u i d  r e s e r v o i r  
d u r i n g  t h i s  p e r i o d .  T h e  r e d u c t i o n  i n  t h e  a c t i v i t y  o f  
t h e  s p h i n c t e r  i s  d u e  t o  a r e d u c t i o n  i n  t h e  s e n s o r y  d r i v e  
r a t h e r  t h a n  t o  a n  i n h i b i t o r y  r e f l e x  i n  r e s p o n s e  t o  f l o w .

On t h e  o t h e r  h a n d ,  f l o w  a l o n g  t h e  u r e t h r a  o r  
d i s t e n s i o n  o f  t h e  u r e t h r a ,  d o e s  n o t  a u g m e n t  t h e  a c t i v i t y  
o f  t h e  s p h i n c t e r  i f  t h e  t o n e  o f  t h e  m u s c l e  h a s  b e e n  
a b o  I i s h e d  a s  a  r e f l e x  r e s p o n s e  t o  d i s t e n s i o n  o f  t h e  
b l a d d e r  ( f i g . 5 0 ) .  I f  t h e  u r e t h r a  b e  d i s t e n d e d  a t  
i n t e r v a l s  d u r i n g  f i l l i n g  a n d  s u b s e q u e n t  e m p t y i n g  o f  t h e  
b l a d d e r ,  t h e  a u g m e n t i v e  r e s p o n s e  o f  t h e  e x t e r n a l  s p h i n c t e r  
t o  t h e  d i s t e n s i o n  o f  t h e  u r e t h r a  d i s a p p e a r s  w h e n  t h e  
b l a d d e r  i s  c o m p a r a t i v e l y  f u l l  a n d  r e a p p e a r s  a g a i n  a s  t h e  

b l a d d e r  e m p t i e s .  I t  f o l l o w s  f r o m  t h i s  t h a t  w h e n  
B a r r i n g t o n ' s  f i f t h  r e f l e x  i s  i n  a c t i o n  ( d i l a t i o n  o f  t h e  
u r e t h r a  i n  r e s p o n s e  t o  d i s t e n s i o n  o f  t h e  b l a d d e r )  t h e  
p a s s a g e  o f  f l u i d  a l o n g  t h e  u r e t h r a  c a n  n o  l o n g e r  c a u s e  
c o n t r a c t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r s .

I f  t h e  b l a d d e r  i s  n o  l o n g e r  e m p t y  b u t  c o n t a i n s  
a  s u f f i c i e n t  v o l u m e  o f  f l u i d  t o  a I l o w  i t  t o  c o n t r a c t  a n d  
t o  d e v e l o p  p r e s s u r e ,  t h e n  r u n n i n g  f l u i d  a l o n g  t h e  u r e t h r a  
e v o k e s  a  s u s t a i n e d  c o n t r a c t i o n  o f  t h e  o l a d d e r  ( f  i 9  * -5 I )
( B a r r i n g t o n ' s  s e c o n d  a n d  s e v e n t h  r e f l e x e s ) .  T h e  a c t u a l
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v o l u m e  o f  f l u i d  i n  t h e  b l a d d e r  n e c e s s a r y  t o  a l l o w  t h e s e  

r e f l e x e s  t o  o c c u r ,  v a r i e s  q u i t e  w i d e l y  f r o m  c a t  t o  c a t  a n d  
s e e m s  t o  d e p e n d  c h i e f l y  o n  t h e  l e v e l  a t  w h i c h  t h e  b r a i n  
s t e m  i s  t r a n s e c t e d .  I n  s o m e  c a t s ,  t h e  n e c e s s a r y  v o l u m e  
o f  f l u i d  i n  t h e  b l a d d e r  a p p r o a c h e s  t h a t  a t  w h i c h  r e f l e x  
c o n t r a c t i o n  o f  t h e  b l a d d e r  t a k e s  p l a c e  w i t h o u t  f u r t h e r  
s t i m u l a t i o n ,  b u t  i n  m a n y  c a t s  a s m a l  I v o l u m e  o f  f l u i d  i s  
a d e q u a t e ,  5 t o  10 ml  b e i n g  e n o u g h .

T h i s  c o n t r a c t i o n  o f  t h e  b l a d d e r  d e t r u s o r  i n  r e ­
s p o n s e  t o  t h e  p a s s a g e  o f  f l u i d  a l o n g  t h e  u r e t h r a  d e v e l o p ©  
m o r e  s l o w l y  t h a n  t h e  g u a r d i n g  b u r s t  o f  a c t i v i t y  i n  t h e  
s p h i n c t e r .  U n d e r  t h e s e  c i r c u m s t a n c e s  t h e r e  i s  a t  f i r s t  
a n  i n c r e a s e  i n  s p h i n c t e r  a c t i v i t y  w h i c h  l a t e r  d i s a p p e a r s  
c o m p l e t e l y  a s  t h e  b l  a d d e r  c o n t r a c t s ,  t o  b e  r e p l a c e d  b y  a 
p e r i o d  o f  c o m p l e t e  e l e c t r i c a l  s i l e n c e  i n  t h e  m u s c l e .  A s  
t h e  b l a d d e r  f i n a l  l y  e x p e l s  i t s  c o n t e n t s  i n t r a - v e s i c a  I 
p r e s s u r e  f a l l s  a n d  a c t i v i t y  r e t u r n s  t o  t h e  s p h i n c t e r ,  a t  
f i r s t  i n t e r m  i t ' t e n t  I y  a n d  l a t e r  a s  a s u s t a i n e d  c o n t r a c t i o n  
a s  t h e  g u a r d i n g  r e f l e x  r e a s s e r t s  i t s e l f .

T h e s e  f e a t u r e s  a r e  w e l  I s e e n  i n  f i g . 5 l ,  i n  w h i c h  
t h e  b l  a d d e r  i s  g r a d u a  I I y  f  i I I i n g  f r o m  t h e  r e s e r v o  i r  i n  
t h e  f i r s t  ( l e f t )  p a r t  o f  t h e  r e c o r d .  l / h e n  t h e  u r e t h r a  
i s  d i s t e n d e d  o n  t h e  f i r s t  o c c a s i o n  t h e r e  i s  i n s u f f i c i e n t  
f l u i d  i n  t h e  b l a d d e r  t o  a l  l o w  i t  t o  c o n t r a c t  a n d  t h e  
s p h i n c t e r  r e s p o n d s  w i t h  a g u a r d i n g  b u r s t  o f  a c t i v i t y .
B y  t h e  t i m e  t h e  s e c o n d  u r e t h r a l  d i s t e n s i o n  t a k e s  p l a c e  
s o m e  3 0  s e c o n d s  l a t e r ,  t h e  v o l u m e  i n  t h e  b l a d d e r  h a s  
i n c r e a s e d  s u f f i c i e n t l y  t o  a I I ow i t  t o  c o n t r a c t  a n d  t n e  
c o m b i n e d  r e s p o n s e  o f  a u g m e n t a t i o n  a n d  o f  i n h i b i t i o n  o f  
t h e  e x t e r n a l  s p h i n c t e r  i s  s e e n .  A s  t h e  b l a d d e r  e m p t i e s  
t h e  s p h i n c t e r  d i s c h a r g e  r e a p p e a r s ,  a -  f i r s t  i n ue r r n  i t t e n t  I y
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a s  b u r s t s  o f  a c t i v i t y  a l t e r n a t i n g  w i t h  p e r i o d s  o f  s i l e n c e  
a n d  l a t e r  a s  a  c o n t i n u o u s  d i s c h a r g e .

I n  f i g . 5 2 ,  a  s i m i l a r  e x p e r i m e n t  i s  s e e n .  I n  
t h i s  c a s e  n e i t h e r  b I  a d d e r  p r e s s u r e  n o r  v o l u m e  i s  s h o w n ,
b u t  i n s t e a d  f l o w  a l o n g  t h e  u r e t h r a  a n d  t h e  i n t r a - u r e t h r a I  
p r e s s u r e  ( a c t u a l l y  t h e  p r e s s u r e  r e c u r d e d  f r o m  a s i d e  t u b e  
c l o s e  t o  t h e  u r e t h r a l  c a n n u l a ) ,  a r e  s h o w n .  T h e  i n t r a ­
u r e t h r a !  p r e s s u r e  r i s e s  s t e a d i  l y  a t  f i r s t  a s  t h e  r e s e r v o i r
i s  r a i s e d ,  b u t  t h e r e  i s  n o  f l o w  a l o n g  t h e  u r e t h r a  s i n c e  

c o n t r a c t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r  i n c r e a s e s  c o r r e s p o n d ­
i n g l y .  W h e n  t h e  s p h i n c t e r  a c t i v i t y  i s  i n h i b i t e d  a s  a 
r e s u l t  o f  c o n t r a c t i o n  o f  t h e  b l a d d e r ,  f l u i d  s u d d e n l y  s t a r t s  
t o  f l o w  a l o n g  t h e  u r e t h r a ,  r e a c h i n g  i t s  m a x i m u m  r a t e  o f  
f l o w  i m m e d i a t e l y  a n d  i n t r a - u r e t h r a I  p r e s s u r e  f a l l s  s u d d e n ­
l y  a s  s o o n  a s  t h e  f l o w  s t a r t s .  H e r e  a g a i n  t h e  f i r s t  
s p h i n c t e r  a c t i v i t y  t o  r e a p p e a r  a f t e r  i n h i b i t i o n  i s  r h y t h m i c  
i n  n a t u r e  a n d  t h e s e  c o n t r a c t i o n s  l e a d  t o  c o r r e s p o n d i n g  
r i s e s  i n  i n t r a - u r e t h r a I  p r e s s u r e  a n d  t o  r h y t h m i c  e x p u l s i o n
o f  s p u r t s  o f  f l u i d  f r o m  t h e  e x t e r n a l  m e a t u s .  S p o n t a n e o u s
m i c t u r i t i o n  i n  t h e  i n t a c t  c a t  t e r m i n a t e s  w i t h  a s i m i l a r  
s e r i e s  o f  e x p u l s i v e  c o n t r a c t i o n s .

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

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

t h e  a u g m e n t a t i o n  o f  t h e  a c t i v i t y  o f  t h e  e x t e r n a l  s p h i n c t e r  
i s  r h y t h m i c  a n d  t h e  F l u i d  e x c a p e s  f r o m  t h e  e x t e r n a l  
m e a t u s ,  i f  i t  e s c a p e s  a t  a I I ,  i n  s p u r t s  ( f i g . 4 9 ) .

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

e f f e c t  o f  f I o w  a l o n g  t h e  u r e t h r a  w i t h  r e f l e x  s p h i n c t e r  
c o n t r a c t i o n .  O n e  p u d e n d a l  n e r v e  w a s  c u t  a n d  t h e  p e r i ­
p h e r a l  e n d  o f  t h e  c u t  n e r v e  w a s  i n s e r t e d  i n t o  a f l u i d  
e l e c t r o d e ,  t h e  o t h e r  p u d e n d a l  n e r v e  r e m a i n i n g  i n t a c t .  
E l e c t r i c a l  s t i m u l a t i o n  o f  t h e  p e r i p h e r a l  e n d  o f  t h e  c u t  
p u d e n d a l  n e r v e ,  c a u s i n g  t e t a n i c  c o n t r a c t i o n  o f  t h e  e x t e r ­
n a l  u r e t h r a l  s p h i n c t e r ,  w a s  a c c o m p a n i e d  b y  b l a d d e r  c o n ­
t r a c t i o n  ( f i g .  5 3  A cf 3 ) .  T h e  i n t r a - v e s  i c a  I p r e s s u r e  
d e v e l o p e d  i n  t h i s  w a y ,  w a s  o f t e n  g r e a t e r  t h a n  t h e  i n t r a ­
v e s i c a l  p r e s s u r e  d e v e l o p e d  a s  a r e s u l t  o f  r e f l e x  b l a d d e r  
c o n t r a c t i o n  i n  r e s p o n s e  t o  f i l l i n g  t h e  b l a d d e r .  I t  c o u l d  
b e  i n i t i a t e d  a s  t h i s  r e f l e x  c o n t r a c t i o n  i n  r e s p o n s e  t o  
f i l l i n g ,  w a s  p a s s i n g  o f f  ( f i g .  5 3  C &  D ) .  I t  c o u l d  b e  
s h o w n  t h a t  t h i s  w a s  a  r e f l e x  e f f e c t  d u e  t o  i m p u l s e s  
p a s s i n g  i n w a r d  b y  t h e  i n t a c t  p u d e n d a l  n e r v e ,  s i n c e  i t  

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

5  ■ R e f l e x e s  f r o m  t h e  R e c t u m  t o  t h e  E x t e r n a  j.

U r e t h r a l  S p h in c t e r

D i s t e n s i o n  o f  t h e  c o l o n  w i t h  a  b a l l o o n  i n h i b i t s  
a c t i v i t y  i n  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  a s  w e l l  a s  i n  
t h e  e x t e r n a l  a n a l  s p h i n c t e r  ( f i g *  5 4 ) *  B l a d d e r  p r e s s u r e
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may r i s e  s l i g h t l y  d u r in g  t h e  d i s t e n s i o n  s in c e  t h e  b a l l o o n  

in  t h e  c o l o n  i n e v i t a b l y  p ress es  on t h e  b l a d d e r ,  but  t h e  

b l a d d e r  w a l l  does no t  c o n t r a c t ,  and t h e  r i s e  in p re s s u re  

which r e s u l t s  is  n o t  by i t s e l f  enough t o  a f f e c t  s p h i n c t e r  

t o n e .  I n h i b i t i o n  d e v e lo p s  in both e x t e r n a l  s p h in c t e r s  

s i m u l t a n e o u s l y  as though  t h e y  were p a r t  o f  th e  same 

muse I e .



D . D i scuss i on

T h e r e  a r e  t w o  s p h i n c t e r  m e c h a n i s m s  i n  t h e  u r e t h r a  ;  
o n e  b a s e d  o n  s m o o t h  m u s c l e  a n d  o n e  o n  s t r i a t e d  m u s c l e .
F o r  m a n y  y e a r s  t h e s e  h a v e  b e e n  r e f e r r e d  t o  a s  t h e  
i n t e r n a l  s p h i n c t e r  a n d  t h e  e x t e r n a l  s p h i n c t e r  r e s p e c t i v e l y ,  
b e c a u s e  o f  t h e  p o s i t i o n s  w h i c h  t h e y  o c c u p y  r e l a t i v e  t o  
o n e  a n o t h e r  i n  m a n .  N e i t h e r  i n  man  n o r  i n  t h e  c a t  i s  
a  c o m p l e t e  s e p a r a t i o n  o f  t h e  t w o  t y p e s  o f  m u s c l e  p o s s i b l e  
o n  t h e  b a s i s  o f  t h e i r  p o s i t i o n .  B u c y ,  H u g g i n s  &
B u c h a n a n  ( 1 9 3 7 ) ,  r e p o r t e d  a c o n t r a c t i o n  i n  t h e  p o s i t i o n  
o f  t h e  e x t e r n a l  s p h i n c t e r  i n  man  o n  s t i m u l a t i o n  o f  t h e  
s y m p a t h e t i c  n e r v e  s u p p l y  t o  t h e  u r e t h r a ,  w h i c h  w a s  
p r e s u m a b l y  d u e  t o  s m o o t h  m u s c l e  a c t i v a t i o n .  I f  t h e  
t e r m s  i n t e r n a l  a n d  e x t e r n a l  s p h i n c t e r  a r e  t o  b e  r e t a i n e d ,  
a n d  t h e y  n o w  s e e m  t o  b e  w e l  I e s t a b l i s h e d  i n  c o m mo n  u s e ,  
t h e y  a r e  p r o b a b l y  b e s t  u s e d  t o  m e a n  t h e  s m o o t h  m u s c l e  a n d  
t h e  s t r i a t e d  m u s c l e  o f  t h e  u r e t h r a  i r r e s p e c t i v e  o f  t h e i r  

p o s i t i o n .  '

T h e r e  i s  n o  i n t e r n a l  s p h i n c t e r  i n  t h e  c a t ,  i n  
t h e  s e n s e  o f  a  d i s c r e t e  o r  l o c a l i s e d  s m o o t h  m u s c l e  j
t h i c k e n i n g  s u c h  a s  i s  r e p r e s e n t e d  i n  d i a g r a m s  ; a l l  
a n a t o m i c a l  w o r k e r s  a r e  a g r e e d  o n  t h i s .  E v a n s  ( 1 9 3 6 )  
r e g a r d e d  t h e  s m o o t h  m u s c l e  o f  t h e  b l a d d e r  n e c k  a s  t h e
f u n c t i o n a l  i n t e r n a l  s p h i n c t e r  s i n c e  u r i n e  i s  n o r m a l l y  j
h e l d  a t  t h i s  p o i n t .  B a r r i n g t o n  ( 1 9 1 5 ) ,  w h o  a s s e s s e d  
c h a n g e s  i n  t h e  i n t e r n a l  s p h i n c t e r  a c t i v i t y  i n  t e r m s  o f  
c h a n g e s  i n  u r e t h r a l  r e s i s t a n c e  a f t e r  s e c t i o n  o f  t h e  
p u d e n d a l  n e r v e s ,  u s e d  t h e  t e r m  i n t e r n a l  s p h i n c t e r  t o  
r e f e r  t o  a l l  t h e  s m o o t h  m u s c l e  o f  t h e  u r e t h r a .
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H i s t o l o g i c a l l y ,  t h i s  e x t e n d s  f r o m  t h e  b l a d d e r  n e c k  
t h r o u g h o u t  t h e  o n e  a n d  a  h a l f  c e n t i m e t r e s  o f  t h e  
p r o x i m a l  u r e t h r a ,  a s  f a r  d i s t a l l y  a s  t h e  p r o s t a t e  g l a n d .
I t  i s  i n  t h i s  s e n s e  t h a t  I s h a l l  u s e  t h e  t e r m .

T h e  e x t e r n a l  s p h i n c t e r  i n  t h e  c a t  i s  a r e g i o n  
o f  s t r i a t e d  m u s c l e  f i b r e s  l y i n g  i n  t h e  u r e t h r a l  w a l l ,  
w h i c h  e x t e n d s  f r o m  t h e  p r o s t a t e  t o  t h e  C o w p e r ' s  g l a n d s  
a n d  s o  c a n n o t  b e  t h e  s t r i c t  a n a l o g u e  o f  t h e  h u m a n  
e x t e r n a l  s p h i n c t e r  w h i c h  e n c i r c l e s  t h e  m e m b r a n o u s  u r e t h r a  
b e t w e e n  t h e  u p p e r  a n d  l o w e r  l a y e r s  o f  t h e  f a s c i a  o f  t h e  
u r o - g e n i t a l  d i a p h r a g m .  T h e  r e l a t i o n s h i p  b e t w e e n  t h e  
e x t e r n a l  s p h i n c t e r  m u s c l e s  i n  man a n d  t h e  c a t  w a s  d i s c u s s e d  
m o r e  f u l l y  i n  s e c t i o n  I .  T h e r e  i s  e v i d e n c e  t h a t  t h e y  
p e r f o r m  s i m i l a r  f u n c t i o n s  i n  t h e  t w o  s p e c i e s .

S e v e r a l  i n v e s t i g a t o r s  h a v e  a t t e m p t e d  t o  a s s e s s  
t h e  r e l a t i v e  s t r e n g t h  o f  t h e  t w o  s p h i n c t e r  m e c h a n i s m s .  
A m o n g s t  t h e m  C o u r t a d e  &  G u y o n  ( 1 8 9 5 )  i n  t h e  c a t  a n d  
S i m o n s  ( 1 9 3 6 )  i n  t h e  h u m a n .  B o t h  f o u n d  t h e  e x t e r n a l  

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

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

S t i m u l a t i o n  o f  t h e  p u d e n d a l  n e r v e  a t  t e t a n i c  
f r e q u e n c i e s  s h o w s  t h a t  t h e  e x t e r n a l  s p h i n c t e r  c a n  a c t  a s
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a n  e f f e c t  i v e  a n d  p o w e r f u l  u r e t h r a l  c l o s i n g  m e c h a n i s m ,  
a b l e  t o  h o l d  b a c k  p r e s s u r e s  u p  t o  2 0 0  cm 1 ^ 0 .  T h e  
s t a t e m e n t  o f  L a n g w o r t h y ,  D r e w  &  V e s t  ( 1 9 4 0 ) ,  t h a t  

s t i m u l a t i o n  o f  t h e  p u d e n d a l  n e r v e  p r o d u c e d  n o  s i g n i f i c a n t  
c h a n g e  i n  u r e t h r a l  r e s i s t a n c e ,  c a n  o n l y  b e  e x p l a i n e d  
b y  a s s u m i n g  t h a t  s u b t e t a n i c  f r e q u e n c i e s  w e r e  u s e d .  T h e  
c o n d i t i o n  o f  s y n c h r o n o u s  m a x i m a l  c o n t r a c t i o n  o f  a l l  t h e  
m o t o r  u n i t s  i n  t h e  m u s c l e  p r o d u c e d  i n  t h i s  w a y ,  w i l l  
d i f f e r  m a r k e d l y  f r o m  t h e  n o r m a l  c o n d i t i o n  o f  a s y n c h r o n o u s  
p a r t i a l  t e t a n u s  o f  t h e  m o t o r  u n i t s  a n d  p r o b a b l y  a 
c o n t r a c t i o n  c a p a b l e  o f  p r o d u c i n g  s u c h  a r e s i s t a n c e  d o e s  
n o t  o c c u r  n o r m a l l y .  Whe n  g r a d u a l l y  i n c r e a s i n g  p e r f u s i o n  
p r e s s u r e s  a r e  a p p l i e d  t o  t h e  u r e t h r a ,  t h e  e x t e r n a l  
s p h i n c t e r  r e s p o n d s  w i t h  t h e  g u a r d i n g  r e f l e x .  T h e  
r e s i s t a n c e  p r o d u c e d  b y  c o n t r a c t i o n  o f  t h e  m u s c l e  e l i c i t e d  
r e f l e x l y  r a r e l y  e x c e e d s  8 0  cm h ^ O a n d  a f i g u r e  o f  5 0  cm 
H2 O i s  m o r e  u s u a l  f o r  t h e  f e m a l e .  T h e s e  v a l u e s  a r e  
c o n s i d e r a b l y  a b o v e  t h e  n o r m a l  r a n g e  o f  b l a d d e r  p r e s s u r e s  
e x c e p t  d u r i n g  b l a d d e r  c o n t r a c t i o n .  T h e r e  i s  e v i d e n c e  
a l s o  t h a t  t h e  s p h i n c t e r  a c t s  a s  a t a p  u n d e r  c o n d i t i o n s  o f  
n o r m a l  r e f l e x  c o n t r a c t i o n ,  s i n c e ,  w h e n  n o r m a  I s p h i n c t e r  
t o n e  i s  r e f l e x l y  i n h i b i t e d ,  a m a r k e d  f a l l  i n  u r e t h r a l  
r e s i s t a n c e  d e v e l o p s  a n d  f l o w  s t a r t s  w i t h  c h a r a c t e r i s t i c  

s u d d e n n e s s •

T h e  m a i n  f u n c t i o n s  o f  t h e  e x t e r n a l  s p h i n c t e r  t h e n  
i s  t o  a c t  a s  a  t a p  ;  i n c r e a s e d  s p h i n c t e r  a c t i v i t y  c a u s i n g  
a n  i n c r e a s e d  u r e t h r a l  r e s i s t a n c e ,  d e c r e a s e d  a c t i v i t y  
c a u s i n g  a  f a  I I i n  r e s i s t a n c e .  E v i d e n c e  w a s  a l s o  f o u n d  t o
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s h o w  t h a t  t h e  t a p  e f f e c t  i s  n o t  a  f u l l y  g r a d e d  o n e ,  b u t  
i s  i n  a s e n s e  a n  a l l  o r  n o n e  e f f e c t ,  t h e  a c t i v i t y  b e i n g  

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

S t i m u  I a t i o n  o f  t h e  p u d e n d a l  n e r v e  a t  s u b t e t a n i c  
f r e q u e n c i e s  h a s  l i t t l e  e f f e c t  o n  t h e  r a t e  o f  f l o w  o f  f l u i d  
a l o n g  t h e  u r e t h r a ,  b u t  c a u s e s  t w i t c h - l i k e  c o n t r a c t i o n s  o f  
t h e  e x t e r n a l  s p h i n c t e r  a n d  t h e  o t h e r  s t r i a t e d  u r o - g e n i t a l  
m u s c l e s .  T h e  r e s u l t  i s  p o w e r f u l  e x p u l s i o n  o f  f l u i d  f r o m  
t h e  e x t e r n a l  m e a t u s  i n  s p u r t s .  T h e s e  s p u r t s  c a n  p r o p e l  
t h e  j e t  o f  f l u i d  a d i s t a n c e  o f  2 0  t o  3 0  c m .  A l t h o u g h  
s t i m u l a t i o n  o f  t h e  c u t  e n d  o f  a p u d e n d a l  n e r v e  i s  b y  n o  
m e a n s  a p h y s i o l o g i c a l  o c c u r r e n c e ,  t h e  e f f e c t  a p p r o x i m a t e s  
q u i t e  c l o s e l y  t o  t h e  s i t u a t i o n  w h i c h  o c c u r s  w h e n  a c t i v i t y  
i s  r e t u r n i n g  t o  t h e  e x t e r n a l  s p h i n c t e r  a f t e r  a p e r i o d  o f  
r e f l e x  i n h i b i t i o n .  L i n d e r  t h e s e  c i r c u m s t a n c e s  t h e  f i r s t  
a c t i v i t y  w h i c h  r e t u r n s  t o  t h e  s p h i n c t e r  i s  a s e r i e s  o f  
b r i e f  c o n t r a c t i o n s  i n v o l v i n g  a l s o  t h e  o t h e r  p e r i n e a l  
m u s c u l a t u r e  a n d  c a u s i n g  e m p t y i n g  o f  t h e  u r e t h r a .  I t  w a s  
s u g g e s t e d  b y  L a n g w o r t h y ,  D r e w  b  V e s t ,  t h a t  t h i s  b e h a v i o u r  
m i g h t  r e p r e s e n t  t h e  r e f l e x  b a s i s  o f  e j a c u l a t i o n ,  b u t  i t  
s e e m s  m o r e  l i k e l y  t h a t  t h e s e  c o n t r a c t i o n s  a l s o  s e r v e  t o  
e m p t y  t h e  u r e t h r a  a t  t h e  e n d  o f  m i c t u r i t i o n ,  e s p e c i a l l y  

s i n c e  t h e y  a r e  s e e n  i n  b o t h  s e x e s .

A l t h o u g h  i t  i s  w i d e l y  a c c e p t e d  t h a t  t h e  e x t e r n a l  
s p h i n c t e r  i s  t h e  s t r o n g e r  o f  t h e  t w o  u r e t h r a l  c l o s i n g  
m e c h a n i s m s ,  t h e r e  a r e  m a n y  r e p o r t s  s u g g e s t i n g  t h a t  i t  i s  
n o t  e s s e n t i a l  t o  c o n t i n e n c e  u n d e r  c o n d i t i o n s  o f  r e s t .  
3a r r i n g t o n / s  c a t s ,  i n  w h i c h  h e  h a d  d i v i d e d  b o t h  p u d e n a a l  
n e r v e s ,  w e r e  c o n t i n e n t  a t  r e s t ,  b u t  o n  j u m p i n g  o r  o t h e r ­
w i s e  s t r a  i n i n g ,  o r  i f  q u i t e  l i  g h t  p r e s s u r e  w a s  a p p I  i e d
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t o  t h e  a n t e r i o r  a b d o m i n a l  w a l I ,  t h e  u r i n e  e s c a p e d  i n  

j e t s .  L a n g w o r t h y  a l s o  c u t  t h e  p u d e n d a l  n e r v e s  i n  c a t s  
a n d  r e p o r t e d  n o  i n c o n t i n e n c e ,  b u t  u r i n e  w a s  m o r e  e a s i l y  
e x p r e s s e d  m a n u a l l y .  W e r t h e i m e r  &  M i c h o n  ( 1 9 2 8 )  c u t  
t h e  p u d e n d a l  n e r v e s  i n  w o m e n  f o r  p a i n f u l  c o n d i t i o n s  o f  
t h e  v u l v a  a n d  f o u n d  o n l y  a s i i g h t  s t r e s s  i n c o n t i n e n c e .
L a p  i d e s ,  b w e e t  £/ L e w i s  ( 1 9 5 5 )  f o u n d  t h a t  w h e n  a l l  s t r i a t e d  
m u s c l e  w a s  p a r a l y s e d  w i t h  r e l a x a n t s ,  p a t i e n t s  w e r e  a b l e  t o  
s t a r t  a n d  s t o p  m i c t u r i t i o n  v o l u n t a r i l y ,  b u t  c e s s a t i o n  o f  
t h e  s t r e a m  w a s  d e l a y e d .  T h e y  r e m a i n e d  c o n t i n e n t .

T h e  c o n c e p t  a r i s e s  t h e n ,  o f  t h e  e x t e r n a l  s p h i o c t e r  
a c t i n g  a s  a m e c h a n i s m  f o r  r a p i d  a n d  p o w e r f u l  i n c r e a s e  i n
u r e t h r a l  r e s i s t a n c e  t o  p r e v e n t  e x c a p e  o f  u r i n e  u n d e r  ------
c o n d i t i o n s  t e n d i n g  t o  p r o d u c e  s t r e s s  i n c o n t i n e n c e  a n d  
s t o p p i n g  t h e  s t r e a m  a n d  e m p t y i n g  t h e  u r e t h r a  a t  t h e  e n d  
o f  m i c t u r i t i o n .  We s h a l l  l a t e r  c j n s i d e r  how t h e  r e f l e x  
b e h a v i o u r  o f  t h e  m u s c l e  f i t s  t h i s  p i c t u r e .

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

g r a p h y  i n  t h i s  c o n t e x t  s e e m s  t o  o f f e r  n o  a d v a n t a g e  o v e r  
t h e  m e c h a n i c a l  r e c o r d i n g  m e t h o d s  u s e d  b y  B a r r i n g t o n  i n  h i s  
c l a s s i c a l  a n d  m e t i c u l o u s  r e s e a r c h e s  a n d  t h e r e  s e e m e d  l i t t l e  
t o  b e  g a i n e d  f r o m  d u p l i c a t i n g  B a r r i n g t o n ' s  o r i g i n a l  
e x p e r i m e n t s .  F r a n k s o n  &  P e t e r s e n  ( 1 9 5 3 ) /  d i d  i n  f a c t  
s u c c e e d  i n  r e c o r d i n g  e l e c t r i c a l  a c t i v i t y  f r o m  t h e  s m o o t h  
m u s c l e  o f  t h e  h u m a n  b l a d d e r  n e c k ,  b u t  t h e  a c t i v i t y  
r e c o r d e d  c o n s  i s t e d  o f  s l o w  p o t e n t i a l  c h a n g e s  w h i c h  h a d  n o  
o b v i o u s  r e l a t i o n  t o  t h e  m e c h a n i c a l  e v e n t s  t a k i n g  p l q c e .  
P r o b a b l y  i n t r a - c e I  I u I a r  r e c o r d i n g  o f f e r s  t h e  o n l y  
s a t i s f a c t o r y  w a y  o f  s t u d y i n g  s m o o t h  m u s c l e  a c t i v i t y
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e  l e c t r i c a l  l y ,  b u t  i n  c o n t r a s t  t o  s t r i a t e d  m u s c l e ,  t h e  
r e l a t i o n  b e t w e e n  e l e c t r i c a l  a c t i v i t y  a n d  m e c h a n i c a l  
b e h a v i o u r  i s  c o m p l e x .  E v a n s  ( 1 9 3 6 )  f o u n d  t h a t  t h e  

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

T h e  p r e s e n t  f i n d i n g  t h a t  s a c r a l  s p i n a l  a n a e s t h e s i a  
d o e s  n o t  s i g n i f i c a n t l y  a l t e r  t h e  r e s i s t a n c e  o f f e r e d  b y  
t h e  s m o o t h  m u s c l e  a n d  e l a s t i c  t i s s u e  o f  t h e  u r e t h r a ,  t e n d s  
t o  s u p p o r t  t h e  c o n t e n t i o n  o f  G i r a d o  &  C a m p b e  I I ( 1 9 5 9 )  t h a t  
t h e  s m o o t h  m u s c l e  t o n e  o f  t h e  u r e t h r a  i s  n o n - n e u r o g e n i c  
i n  n a t u r e .  T h e  i n h i b i t i o n  o f  t h i s  t o n e ,  r e p o r t e d  b y  
3 a r r i n g t o n  i n  r e s p o n s e  t o  d i s t e n s i o n  o f  t h e  b l a d d e r  ( t h e  
s i x t h  r e f l e x ) ,  m u s t  b e  d u e  t o  a c t i v e  i n h i b i t i o n  p r o d u c e d  
b y  t h e  p e l v i c  n e r v e s .  T h i s  c o n s t a n t  2 0  t o  3 0  cm I ^ O  
r e s i s t a n c e ,  i s  a b o v e  t h e  n o r m a  I r a n g e  o f  i n t r a - v e s i c a l  
p r e s s u r e  a t  r e s t  i n  t h e  a b s e n c e  o f  b l a d d e r  c o n t r a c t i o n  
o r  o v e r d i s t e n s i o n  a n d  t h u s  i s  a d e q u a t e  t o  e x p l a i n  t h e  
m a i n t e n a n c e j o f  c o n t i n e n c e  i n  t h e  a b s e n c e  o f  e x t e r n a l  
s p h i n c t e r  a c t i v i t y .  T h i s  t o n e  m a y  n o t  b e  e n t i r e l y  d u e  
t o  s m o o t h  m u s c l e  s i n c e  t h e r e  i s  e l a s t i c  t i s s u e  p r e s e n t  i n  
t h e  u r e t h r a .  P e n n i n g t o n  b  L u n d  ( i 9 6 0 ) ,  d e s c r i b e d  a 
d e n s e  r i n g  o f  e l a s t i c  t i s s u e  i n  t h e  d i s t a l  p r o s t a t i c  a n d  

m e m b r a n e o u s  u r e t h r a  o f  m a n .

S t i m u l a t i o n  o f  t h e  p e r i p h e r a l  e n d  o f  t h e  c u t  
h y p o g a s t r i c  n e r v e s  l e a d s  t o  a m o d e r a t e  a n d  t r a n s i e n t  
i n c r e a s e  i n  u r e t h r a l  r e s i s t a n c e  i n  m a l e  c a t s .  T h i s  
r e s u l t  i s  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  e a r l i e r  
w o r k e r s  f r o m  V o n  Z e i s s l  o n w a r d s .  No a t t e m p t  w q s  m a d e
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t o  d e t e r m i n e  w h e t h e r  t h i s  e f f e c t  w a s  d u e  t o  s m o o t h  m u s c l e  

c o n t r a c t i o n  a s  E l l i o t  ( 1 9 0 7 )  m a i n t a i n e d ,  o r  t o  s w e l l i n g  o f  
t h e  m u c o s a  i n  t h e  r e g i o n  o f  t h e  v e r u m o n t a n u m  a s  L a n g w o r t h y  
c l a i m e d .  T h e  f a c t  t h a t  t h e  e f f e c t  i s  t r a n s i e n t  a n d  i s  
n o t  s i g n i f i c a n t  i n  f e m a l e  a n i m a l s  s e e m s  t o  s u p p o r t  
L a n g w o r t h y .  On t h e  o t h e r  h a n d ,  L e a r m o n t h  ( 1 9 3 0 )  a n d  
B u c y ,  H i g g i n s  &  B u c h a n a n  ( 1 9 3 7 )  r e p o r t e d  v i s i b l e  c o n t r a c ­
t i o n  i n  t h e  b l a d d e r  n e c k  a n d  i n  t h e  e x t e r n a l  s p h i n c t e r  
r e g i o n s  r e s p e c t i v e l y  o n  s t i m u l a t i o n  o f  t h e  p r e - s a c r a l  
n e r v e  i n  h u m a n s  a t  o p e r a t i o n .  W h i c h e v e r  m e c h a n i s m  i s  
i n v o l v e d ,  i t  s e e m s  u n l i k e l y ,  i n  t h e  c a t  a t  l e a s t ,  t h a t  

t h i s  r e p r e s e n t s  a n  i m p o r t a n t  s p h i n c t e r  m e c h a n i s m .

T h e  p r e s e n t  e x p e r i m e n t s  i n d i c a t e  t h a t  t h e  e x t e r n a l  
u r e t h r a l  s p h i n c t e r  i n  t h e  c a t  i s  i n  a s t a t e  o f  t o n i c  
a c t i v i t y  w i t h  t h e  a n i m a l  a t  r e s t ,  w h i c h  s e e m s  t o  b e  s i m i l a r  
i n  m o s t  r e s p e c t s  t o  t h e  t o n i c  a c t i v i t y  o f  t h e  e x t e r n a l  
a n a l  s p h i n c t e r .  T h e  q u e s t i o n  o f  t h e  t o n e  b e i n g  a n  a r t e ­
f a c t  p r o d u c e d  b y  d e c e r e b r a t i o n  m a y  b e  a g a i n  r a i s e d ,  b u t  a  
s i m i l a r  d i s c h a r g e  w a s  r e c o r d e d  f r o m  w i t h i n  t h e  h u m a n  
u r e t h r a  b y  F r a n k s o n  &  P e t e r s e n  ( I 9 5 5 ) «  A s  i n  t h e  c a s e  o f  
t h e  a n a l  s p h i n c t e r  t h e  s o u r c e  o f  t h e  a f f e r e n t  s t i m u l a t i o n  
f o r  t h e  t o n e ,  a s s u m i n g  i t  t o  b e  r e f l e x  i n  n a t u r e ,  i s  n o t  

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

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

t h a t  t h i s  i s  n o t  t h e  o n l y  s o u r c e .  R e f l e x e s  f r o m  t h e  u r e t h r a  
p a s s i n g  i n  b y  t h e  p u d e n d a l  n e r v e s ,  a r e  t h e  m o s t  e f f e c t i v e  
m e a n s  o f  a u g m e n t i n g  t h e  d i s c h a r g e .  P r e s u m a b l y  s o m e  o f  t h e
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s t i m u l a t i o n  " to mai  n t a i  n  t h e  ' t o n i c  d i s c h a r g e  p a s s e s  i n w a r d  
b y  t h i s  r o u t e  a l s o .

T h e  i n c r e a s e  i n  t o n e  p r o d u c e d  b y  b l a d d e r  f i l l i n g  i s  
n e v e r  v e r y  g r e a t .  I t  d o e s  n o t  l e a d  t o  v i s i b l e  c o n t r a c t i o n  
o f  t h e  s p h i n c t e r .  On t h e  o t h e r  h a n d ,  i t  w i l l  b e  e f f e c t i v e  
i n  r e i n f o r c i n g  t h e  i n t e r n a l  s p h i n c t e r  i n  i t s  f u n c t i o n  o f  
m a i n t a i n i n g  c o n t i n e n c e  a t  r e s t ,  b e c a u s e  i n t r a - v e s i c a I  
p r e s s u r e  r e m a i n s  l o w .  E v a n s  &  M c P h e r s o n  ( 1 9 5 9 )  f o u n d  t h a t  
t h e  e a r l y  s t a g e s  o f  b l a d d e r  f i l l i n g  e n h a n c e d  l i m b  t o n e  a n d  
l i m b  r e f l e x e s .  T h e  i n c r e a s e d  d i s c h a r g e  r e c o r d e d  f r o m  t h e  
e x t e r n a l  s p h i n c t e r  m a y  t h u s  b e  o n l y  a s p e c i a l  e x a m p l e  o f  
a g e n e r a l i s e d  r a i s i n g  o f  t h e  s t r i a t e d  m u s c l e  t o n e  o f  t h e  

b o d y .

T h e  e x p e r i m e n t s  s h o w n  i n  f i g s .  4 3  &  4 4 ,  i l l u s t r a t e  
d i r e c t l y  t h e  i n h i b i t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r  w h i c h  
a c c o m p a n i e s  d i s t e n s i o n  o f  t h e  b l a d d e r .  B a r r i n g t o n  h a d  
i n f e r r e d  t h e  e x i s t e n c e  o f  t h i s  i n h i b i t i o n  f r o m  i n d i r e c t  
o b s e r v a t i o n s  s u c h  a s  c h a n g e s  i n  u r e t h r a l  r e s i s t a n c e  o r  
c h a n g e s  i n  t h e  r a t e  o f  f l o w  o f  f l u i d  i n  t h e  u r e t h r a .  I n  
a d d i t i o n ,  t h e  m o r e  a c c u r a t e  t i m i n g  o f  e v e n t s  w h i c h  e l e c t r o ­

m y o g r a p h y  a l l o w s ,  m a k e s  i t  p o s s i b l e  t o  c o r r e l a t e  t h e  
b e h a v i o u r  o f  t h e  s p h i n c t e r  w i t h  t h a t  o f  t h e  b l a d d e r  a n d  
g i v e s  s o m e  i n f o r m a t i o n  a b o u t  t h e  n a t u r e  o f  t h e  r e c e p t o r s  
i n  t h e  b l a d d e r  w a l l  w h i c h  a r e  r e s p o n s i b l e  f o r  t h i s  r e f l e x .  
B a r r i n g t o n  b e l  i e v e d  t h a t  b l a d d e r  v o l u m e  w a s  t h e  c r i t i c a l  
f a c t o r  i n  d e t e r m i n i n g  t h e  o n s e t  o f  t h e  m i c t u r i t i o n  r e f l e x e s .  
O t h e r  w o r k e r s ,  h o w e v e r ,  h a v e  s u g g e s t e d  t h a t  b l a d d e r  p r e s s u r e  
w a s  m o r e  c l o s e l y  r e l a t e d .  T h e  p r e s e n t  e x p e r i m e n t s  s h o w  
t h a t  t h e  b l a d d e r  w a l l  r e c e p t o r s  r e s p o n s i b l e  f o r  s p h i n c t e r  
i n h i b i t i o n  a r e  s t i m u l a t e d  w h e n  v o l u m e  c h a n g e s  w i t h o u t  

c h a n g e  i n  p r e s s u r e .  T h e y  a r e  a l s o  s t i m u l a t e d  w h e n  p r e s s u r e
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r i s e s  d u r i n g  a  p h a s e  o f  c o n s t a n t  v o l u m e .  T h e y  r e s p o n d  
d u r i n g  a c t i v e  b l a d d e r  c o n t r a c t i o n  a n d ,  i n  t h e  a c u t e  s p i n a l  
c a t ,  d u r i n g  p a s s i v e  d i s t e n s i o n  o f  t h e  b l a d d e r  i n  t h e  
a b s e n c e  o f  c o n t r a c t i o n .  I t  c a n  b e  s e e n  f r o m  t h i s ,  t h a t  
n e i t h e r  b l a d d e r  v o l u m e  n o r  b l a d d e r  p r e s s u r e  a l o n e ,  c a n  b e  
t h e  c r i t i c a l  f a c t o r  i n  t h e  s t i m u l a t i o n  o f  t h e s e  r e c e p t o r s  ■ 
T e n s i o n  r e c e p t o r s  i n  s e r i e s  w i t h  t h e  c o n t r a c t i l e  e l e m e n t s  
i n  t h e  b l a d d e r  w a l I  w o u l d  r e s p o n d  u n d e r  a l l  t h e s e  c o n d i t ­
i o n s  a n d  t h e  p r e s e n c e  o f  r e c e p t o r s  o f  t h i s  s o r t  h a s  b e e n  
d e m o n s t r a t e d  b y  I g g o  ( 1 9 5 6 )  b y  d i r e c t  r e c o r d i n g  f r o m  
f i  l a m e n t s  o f  t h e  p e l v i c  n e r v e s .  K e c e p t o r s  i n  e v e r y  w a y  
s i m i l a r  t o  t h e s e  a r e  k n o w n  t o  e x i s t  i n  t h e  u p p e r  l e v e l s  o f  
t h e  a l  i m e n t a r y  c a n a l .  N a t h e n  ( 1 9 5 1 )  o b s e r v e d  t h a t  t h e  
d e s i r e  t o  m i c t u r a t e  w a s  e v o k e d  i n  man w h e n  t h e  b l a d d e r  wa l  I 
w a s  s t r e t c h e d  a n d  a l s o  w h e n  t h e  b l a d d e r  c o n t r a c t e d .  I t  i s  
u n l i k e l y  t h a t  t w o  s e p a r a t e  s e t s  o f  s t r e t c h  r e c e p t o r s  e x i s t  
i n  t h e  b l a d d e r  w a l l ,  s o  p r e s u m a b l y  t h e  s a m e  r e c e p t o r s  a r e  
r e s p o n s i b l e  f o r  r e f l e x  b l a d d e r  c o n t r a c t i o n  i n  r e s p o n s e  t o  
b l a d d e r  f i l l i n g  a s  a r e  r e s p o n s i b l e  f o r  s p h i n c t e r  i n h i b i t i o n .

T h e  m a i n  p o i n t  a t  i s s u e  b e t w e e n  t h e  p r e s e n t  f i n d i n g s  
a n d  t h o s e  o f  B a r r i n g t o n ,  c o n c e r n s  t h e  r e s p o n s e  o f  t h e  
e x t e r n a l  u r e t h r a l  s p h i n c t e r  t o  t h e  p a s s a g e  o f  f l u i d  a l o n g  
t h e  u r e t h r a  -  t h e  f o u r t h  m i c t u r i t i o n  r e f l e x  ( T a b l e  3 ) »  
B a r r i n g t o n  b e l i e v e d  t h a t  i n d e p e n d e n t l y  o f  a n y  o t h e r  f a c t o r ,  
t h e  f l o w  o f  u r i n e  a l o n g  t h e  d i s t a l  u r e t h r a  r e f l e x l y  b r o u g h t  
a b o u t  r e l a x a t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r ,  b o t h  p a t h w a y s  
b e i n g  i n  t h e  p u d e n d a l  n e r v e s .  T h e  p r e s e n t  r e s u l t s ,  o n  t h e  
o t h e r  h a n d ,  i n d i c a t e  t h a t  s t i m u l a t i o n  o f  t h e  u r e t h r a l  r e ­
c e p t o r s ,  w h e t h e r  b y  d i s t e n s i o n  w i t h  f l u i d ,  b y  i n f l a t i o n  o f  
a b a l  l o o n ,  b y  m o v e m e n t  o f  a f o r e i g h  b o d y  o r  b y  t h e  f l o w  o f  
f l u i d ,  a l w a y s  l e a d s  t o  a n  i n c r e a s e  i n  t h e  d i s c h a r g e  f r o m  t h e



e x t e r n a  I s p  h i n c t e r  ■ On n o  o c c a s  i o n  w a s  a n  i n h  i b i  t  i o n  o f "  
t h e  e x t e r n a l  s p h i n c t e r  s e e n ,  a p a r t  f r o m  t h a t  d u e  t o  s t i m ­
u l a t i o n  o f  t h e  t e n s i o n  r e c e p t o r s  i n  t h e  b l a d d e r  w a l l .  I n  
o t h e r  w o r d s ,  p a s s a g e  o f  f l u i d  i n t o  t h e  u r e t h r a  h a s  f i r s t  
t o  c a u s e  c o n t r a c t i o n  o f  t h e  b l a d d e r ,  t h e  s e c o n d  m i c t u r i t i o n  
r e f l e x ,  t h e n  t h e  i n c r e a s e d  t e n s i o n  i n  t h e  b l a d d e r  w a l l  
b r i n g s  a b o u t  i n h i b i t i o n  o f  t h e  s p h i n c t e r  b y  t h e  f i f t h  r e f l e x  
T h e  p r e s e n t  r e s u l t s  c o n f i r m  t h e  e x i s t e n c e  o f  t h e  s e c o n d  a n d  
f i f t h  r e f l e x e s  i n  t h e  c a t  b u t  o n  n o  o c c a s i o n  w a s  t h e  f o u r t h  
r e f l e x ,  a s  d e s c r i b e d ,  s e e n .  T h e  a p p a r e n t  e f f e c t  o f  t h e  
f o u r t h  w a s  f o u n d  t o  b e  d u e  t o  a c o m b i n a t i o n  o f  t h e  o t h e r  t w o  
I f  t h i s  i s  t h e  c a s e ,  i t  i s  d i f f i c u l t  t o  u n d e r s t a n d  w h y  
B a r r i n g t o n  t h o u g h t  t h a t  t h e  f o u r t h  r e f l e x  p e r s i s t e d  a f t e r  
s e c t i o n  o f  t h e  s p i n a l  c o r d  o r  a f t e r  s e c t i o n  o f  t h e  p e l v i c  
n e r v e s ,  s i n c e  e i t h e r  o f  t h e s e  p r o c e d u r e s  w i l l  e l i m i n a t e  t h e  
b l a d d e r  r e s p o n s e .  I n  h i s  o r i g i n a l  p a p e r  o n  t h i s  t o p i c ,  
B a r r i n g t o n  ( 1 9 2 1 )  d i d  i n d e e d  s t a t e  t h a t  s e c t i o n  o f  t h e  
s p i n a l  c o r d  o r  p e l v i c  n e r v e s  m o d i f i e d  t h e  r e s p o n s e  i n  
e x a c t l y  t h e  s a m e  w a y ,  t h e  f l o w  t h r o u g h  t h e  u r e t h r a  b e c o m i n g  
a s e r i e s  o f  r h y t h m i c  s p u r t s  i n s t e a d  o f  a  s t e a d y  s t r e a m ,  b u t  
i t  c o u l d  s t i  I I  b e  m a i n t a i n e d  a t  p r e s s u r e s  l e s s  t h a n  t h a t  
n e e d e d  t o  s t a r t  t h e  f l o w .  T h i s  r h y t h m i c  s p h i n c t e r  c o n t r a c ­
t i o n  i n  r e s p o n s e  t o  f l o w ,  a f t e r  p e l v i c  n e r v e  s e c t i o n ,  w a s  
s e e n  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  a l s o  a n d  i t  w a s  m e n t i o n e d  
b y  L a n g w o r t h y ,  D r e w  &  V e s t  ( 1 9 4 0 ) .  A c o m p a r i s o n  o f  t h e  
e  I e c t r o m y o g r a p h  i c  p i c t u r e  o f  f i g .  4 9  w i t h  t h a t  o f  f i g .  51 
s h o w s  t h a t  t h e  r e s p o n s e  i s  c e r t a i n l y  n o t  i n h i b i t o r y .  T h e  
e f f e c t  o f  b l a d d e r  w a l l  t e n s i o n  c a n  b e  e l i m i n a t e d  i n  s e v e r a l  
w a y s  • b y  c u t t i n g  t h e  p e l v i c  n e r v e s ,  b y  e m p t y i n g  t h e  b l a d d e r  
c o m p l e t e l y ,  b y  s e c t i o n i n g  t h e  s p i n a l  c o r d  o r  b y  r e m o v i n g  
t h e  b l a d d e r .  i n  a l l  t h e s e  c a s e s  t h e  o n l y  r e s p o n s e  t o
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s t i  mu I a t :  i o n  o f  ■fche u r e t h r a  w a s  i n c r e a s e d  s p h i n c t e r  a c t i v i t y .

T h e  m a i n  e v i d e n c e  o n  w h i c h  B a r r i n g t o n  b a s e d  h i s  
b e l i e f  i n  t h e  e x i s t e n c e  o f  a n  i n d e p e n d e n t  f o u r t h  r e f l e x ,  
w i t h  b o t h  p a t h w a y s  i n  t h e  p u d e n d a l  n e r v e s ,  w a s  t h e  o b s e r ­
v a t i o n  t h a t  w h e n  a  g r a d u a l l y  i n c r e a s i n g  p r e s s u r e  o f  f l u i d
w a s  a p p l i e d  t o  t h e  d i s t a l  u r e t h r a ,  a g r e a t e r  p r e s s u r e  w a s  
r e q u i r e d  t o  s t a r t  t h e  f l o w  t h a n  t o  m a i n t a i n  t h e  f l o w  o n c e  
i t  h a d  b e e n  s t a r t e d .  T h e  p r e s e n t  r e s u l t s  s h o w  t h a t  t h i s  
e f f e c t  c a n  b e  d u e  t o  m o r e  t h a n  o n e  c a u s e  a n d  t h a t  i t  d o e s  
n o t  n e c c e s s a r i  l y  i n d i c a t e  t h a t  i n h i b i t i o n  h a s  t a k e n  p l a c e .  
S u c h  b e h a v i o u r  h a s  b e e n  s h o w n  t o  e x i s t  b o t h  i n  c o n d i t i o n s  
o f  h i g h  s u s t a i n e d  e x t e r n a l  s p h i n c t e r  a c t i v i t y ,  i n  t h e  
a b s e n c e  o f  e x t e r n a l  s p h i n c t e r  a c t i v i t y  a f t e r  s p i n a l  a n a e s ­
t h e s i a ,  a n d  e v e n  i n  t h e  r e c e n t l y  d e a d  c a t .  T h e  f a c t  t h a t  
e x t e r n a l  s p h i n c t e r  a c t i v i t y  d o e s  i n  f a c t  d i m i n i s h  s o m e w h a t  
i n  t h e  f i r s t  o f  t h e s e  c o n d i t i o n s ,  ma y  b e  t a k e n  a s  a  c o n ­
s e q u e n c e  o f  t h e  r e d u c e d  s e n s o r y  d r i  v e  c o r r e s p o n d i  n g  t o  t h e
r e d u c t i o n  i n  t h e  p e r f u s i n g  o r  d i s t e n d i n g  p r e s s u r e  w h i c h  i s
t a k i n g  p l a c e  a t  t h i s  t i m e .

S e v e r a l  e a r  I i e r  w o r k e r s  h a v e  b e e n  d o u b t f u l  o f  t h e  
e x i s t e n c e  o f  t h e  f o u r t h  r e f l e x  a n d  s o m e  h a v e  d e s c r i b e d  
e x t e r n a l  s p h i n c t e r  c o n t r a c t i  o n  i n  r e s p o n s e  t o  f l o w  t h r o u g h  
t h e  u r e t h r a ,  b u t  t h e  u r e t h r a l  g u a r d i n g  r e f l e x  a s  s u c h  h a s  
n o t  p r e v i o u s l y  b e e n  d e s c r i b e d  n o r  i t s  s i g n i f i c a n c e  a p p r e c ­
i a t e d .  L a n g w o r t h y ,  D r e w  & V e s t  ( 1 9 4 0 ) ,  f o r  e x a m p l e ,  
n o t i c e d  t h a t  a s  t h e y  p e r f u s e d  t h e  u r e t h r a  o f  d e c e r e b r a t e  
c a t s  a n d  t h e  p r e s s u r e  i n  t h e  u r e t h r a  r o s e ,  t h e  p e r i n e a l  
m u s c l e s  c o n t r a c t e d  s p a s m o d i c a l l y  a n d  t h e  f l u i d  e s c a p e d  i n  
s p u r t s .  T h e y  a l s o  f o u n d  t h a t  s u d d e n  i n c r e a s e s  o f  p r e s s u r e  
i n  t h e  u r e t h r a  e v o k e d  s p a s m  o f  t h e  p e r i n e a l  m u s c l e s  a l t h o u g h  
s u c h  r e s p o n s e s  c o u l d  n o t  b e  e l i c i t e d  w h e n  t h e  b l a d d e r  w a s
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f u l l .  D e n n y  B r o w n  &  R o b e r t s o n  ( 1 9 3 3 ) ,  s t a t e d  c a t e g o r i c a l l y  
t h a t  t h e  p r e s e n c e  o f  f l u i d  i n  t h e  p o s t e r i o r  u r e t h r a  i n  
s p i n a l  m a n  c o u l d  n o t  c a u s e  r e l a x a t i o n  o f  t h e  e x t e r n a l  
s p h  i n c t d r .  E v a n s  ( 1 9 3 6 )  r e p o r t e d  t h a t  a t t e m p t s  t o  f o r c e  
f l u i d  d i s t a l  I y  a l o n g  t h e  u r e t h r a  c a u s e d  a n  i n c r e a s e d  r e ­
s i s t a n c e ,  N a t h a n  ( 1 9 5 2 )  c a m e  t o  t h e  c o n c l u s i o n  t h a t  t h e r e  
w a s  n o  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  e i t h e r  t h e  f o u r t h  o r  
e v e n  o f  t h e  s e c o n d  m i c t u r i t i o n  r e f l e x  i n  m a n .

R s  w a s  s t a t e d  i n  t h e  s e c t i o n  d e a l  i n y  w i t h  e x p e r i m e n t ­
a l  r e s u l t s ,  t h e  s e c o n d  a n d  s e v e n t h  r e f l e x e s  i n  t h e  c a t  —  
c o n t r a c t i o n  o f  t h e  b l a d d e r  i n  r e s p o n s e  t o  p e r f u s i o n  o f  t h e  
u r e t h r a  —  c a n  o n l y  b e  e l  i c i t e d  w h e n  t h e r e  i s  a d e q u a t e  
f l u i d  i n  t h e  b l a d d e r .  U n d e r  n o r m a l  c i r c u m s t a n c e s ,  i n  t h e  
i n t a c t  a n i m a l ,  t h e s e  r e f l e x e s  w o u l d  n o t  b e  e x p e c t e d  t o  
i n i t i a t e  c o n t r a c t i o n  o f  t h e  b l a d d e r  b u t  o n l y  t o  m a i n t a i n  
a n d  r e i  n f o r c e  q  c o n t r a c t i o n  a l r e a d y  p r e s e n t .  D e n n y  B r o w n  
&  R o b e r t s o n  ( 1 9 3 3 )  a n d  N a t h a n  ( 1 9 5 2 )  c o u l d  f i n d  n o  e v i d e n c e  
f o r  t h e i r  e x i s t e n c e  i n  m a n .  T h e  p r e s e n t  r e s u l t s  i n  t h e  
c a t ,  h o w e v e r ,  a g r e e  w i t h  t h o s e  o f  B a r r i n g t o n  a n d  s i m i l a r  
e f f e c t s  h a v e  b e e n  d e m o n s t r a t e d  b y  L a n g w o r t h y ,  K o l b  L e w i s  
( 1 9 4 0 ) .  T h e  c a t  w o u l d  t h u s  s e e m t o  h a v e  r e f l e x e s  w h i c h  a r e  
n o t  p r e s e n t  i n  m a n .

W h e n  t h e  e x t e r n a l  q ^ h i n c t e r  i s  a l r e a d y  i n  a s t a t e  o f  
r e l a x a t i o n  d u e  t o  d i s t e n s i o n  o r  c o n t r a c t i o n  o f  t h e  b l a d d e r ,  
t h e  a u g m e n t a t i v e  g u a r d i n g  r e f l e x  c a n  n o  l o n g e r  b e  e l i c i t e d .  
T h i s  i s  a  s i g n i f i c a n t  f i n d i n g  s i n c e  i t  m e a n s  t h a t  w h e n  t h e  
b l a d d e r  i s  c o n t r a c t i n g  a n d  f o r c i n g  f l u i d  a l o n g  t h e  u r e t h r a  
p a s t  t h e  r e l a x e d  s p h i n c t e r ,  t h e  g u a r d i n g  r e f l e x  i s  i n h i b ­
i t e d ,  a n d  t h e  e x t e r n a l  s p h i n c t e r  c a n n o t  c o n t r a c t  t o  i n t e r ­
r u p t  t h e  s t r e a m .  I n s t e a d ,  t h e  p a s s a g e  o f  f l u i d  a l o n g  t h e  
u r e t h r a  r e i n f o r c e s  t h e  a l r e a d y  e x i s t i n g  b l a d d e r  c o n t r a c t i o n
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a n d  e n s u r e s  ' t h a t  i t  c a r r i e s  o n  t o  c o m p l e t e  e m p t y i n g  o f  t h e  
b l a d d e r .  T h u s ,  i n  t h e  c o m p e t i t i o n  f o r  t h e  f i n a l  c o m m o n  
p a t h ,  t h e  i n h i b i t o r y  r e f l e x  i s  p r e p o t e n t  a n d  t h e  r e l a x a t i o n  
o f  t h e  s p h i n c t e r  r e p r e s e n t s  a  t r u e  c e n t r a l  i n h i b i t o r y  

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

I t  w a s  s h o w n  b y  D e n n y  B r o w n  &  k o b e r t s o n  ( 1 9 3 3 )  t h a t  
t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  i s  c a p a b l e  o f  p o w e r f u l  
v o l u n t a r y  c o n t r a c t i o n  a n d  t h a t  s u c h  a c o n t r a c t i o n  i s  t h e  >
f i r s t  d e t e c t a b l e  e v e n t  a t  t h e  e n d  o f  m i c t u r i t i o n  o r  w h e n  !

1t h e  s u b j e c t  t r i e s  t o  a r r e s t  m i c t u r i t i o n  w h i l e  i n  p r o g r e s s .  ! 
I t  w o u l d  s e e m  r e a s o n a b l e  f r o m  t h i s  t h a t  a r e f l e x  ma y  e x i s t  | 
b y  w h i c h  c o n t r a c t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r  i n h i b i t s  
a n y  c o n t r a c t i o n  o f  t h e  b l a d d e r  w h i c h  i s  i n  p r o g r e s s  a n d  
s u c h  a r e f l e x  m i g h t  a l s o  b e  e x p e c t e d  t o  r e i n f o r c e  t h e  e f f e c t  
o f  t h e  g u a r d i n g  r e f l e x  i n  t h e  m a i n t e n a n c e  o f  c o n t i n e n c e .  
E x p e r i m e n t s  w e r e  t h e r e f o r e  c a r r i e d  o u t  t o  s e e  i f  c o n t r a c t i o n  
o f  t h e  e x t e r n a l  s p h i n c t e r  i n  t h e  a b s e n c e  o f  f l o w  a l o n g  t h e  
u r e t h r a  c o u l d  l e a d  t o  i n h i b i t i o n  o f  t h e  b l a d d e r .  T h e  
r e s u l t ,  h o w e v e r ,  w a s  b l a d d e r  c o n t r a c t i o n  w h i c h  w a s  o f t e n  
m o r e  p o w e r f u l  t h a n  t h a t  w h i c h  r e s u l t e d  f r o m  d i s t e n s i o n  o f  
t h e  b l a d d e r  a n d  i t  c o u l d  c e r t a i n l y  b e  p r o d u c e d  a t  s m a l l e r  
b l a d d e r  v o l u m e s .  I t  i s  d i f f i c u l t  t o  t h i n k  o f  a n y  u s e f u l
r o l e  f o r  t h i s  r e s p o n s e ,  i n  t h e  m e c h a n i s m  o f  e i t h e r  c o n t i n ­

e n c e  o r  m i c t u r i t i o n .

The lower  u r i n a r y  t r a c t  has two main f u n c t i o n s  g t h e  

m ain tenance  o f  c o n t in e n c e  d u r in g  the  con t inuous  passage o f  
u r in e  i n t o  t h e  b l a d d e r  and th e  p e r i o d i c  emptying o f  the  

b l a d d e r .  In t h e  p a s t ,  e x p e r im e n ta l  workers have c o n c e n t r a t - j  

ed on t h e  second o f  th e s e  f u n c t i o n s ,  m i c t u r i t i o n ,  a lmost  t o  

t h e  e x c l u s i o n  o f  t h e  f i r s t .  In s p i t e  o f  t h i s ,  i t  seems 

t h a t  th e  m a in tenance  o f  c o n t in e n c e  is  no less  im p or tan t  th a n
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■fche o t h e  r* a n d  c e r t a i  n I y  i n c o n t i  n e n c  e  i s  a I a n g e r  c l  i n i c a  I 
p r o b l e m  t h a n  i s  r e t e n t i o n  o f  u r i n e .  B a r r i n g t o n ' s  s e v e n  

— r e f l e x e s  a l l  l e a d  t o  a m p t y i n g  o f  t h e  b l a d d e r  a n d  n o n e  i s - —  
d e s c r i b e d  w h i c h  w o u l d  h e l p  t o  r e t a i n  u r i n e .  I f  t h e s e  
r e f l e x e s  w e r e  t h e  c o m p l e t e  p i c t u r e ,  t h e n  c o n t i n e n c e  w o u l d  
b e  a n  u n s t a b l e  s t a t e  a n d  a n y  t r i f l i n g  e x t e r n a l  s t i m u l u s  
m i g h t  t r i g g e r  o f f  t h e  w h o l e  r e f l e x  m i c t u r i t i o n  p r o c e s s .
T h i s ,  h o w e v e r ,  i s  n o t  t h e  c a s e .  C o n t i n e n c e  i s  n o t  a 
p u r e l y  v o l u n t a r y  f u n c t i o n .  I t  i s  m a i n t a i n e d  d u r i n g  s l e e p  
e v e n  a t  h i g h  d e g r e e s  o f  b l a d d e r  f i l l i n g  a n d  s i n c e  u n c o n ­
s c i o u s  p a t i e n t s  m u c h  m o r e  c o m m o n l y  s h o w  r e t e n t i o n  o f  u r i n e  
t h a n  i n c o n t i n e n c e ,  c o n t i n e n c e  m u s t  p r e s u m a b l y  h a v e  a 
r e f l e x  b a s i s  a l s o .

P e r h a p s  a  s e r i e s  o f  r e f l e x e s  c o u l d  b e  d e s c r i b e d ,  
c o m p l e m e n t a r y  t o  t h o s e  o f  B a r r i n g t o n ,  w h o s e  f u n c t i o n  i s  t o  
r e t a i n  u r i n e .  T h e  p r e s e n t  i n v e s t i g a t i o n  s u g g e s t s  t w o  
r e f l e x e s  o f  t h i s  k i n d  : -
1 .  E a r l y  d e g r e e s  o f  b l a d d e r  f i l l i n g  c a u s e  a m o d e r a t e  
i n c r e a s e  i n  e x t e r n a l  s p h i n c t e r  d i s c h a r g e ,  a n d
2 .  A n  a t t e m p t  t o  f o r c e  f l u i d  a l o n g  o r  i n t o  t h e  u r e t h r a  
c a u s e s  a p o w e r f u l  g u a r d i n g  c o n t r a c t i o n  o f  t h e  e x t e r n a l  j
s p h i n c t e r ,  t h e  s t r e n g t h  o f  w h i c h  i s  g r a d e d  t o  t h e  l e v e l  j

o f  t h e  p e r f u s i  n g  p r e s s u r e .  !

We a r e  s t i  I I  f a r  f r o m  u n d e r s t a n d i n g  t h e  c o m p l e x i t y  
o f  t h e  r e f l e x e s  w h i c h  c o n t r o l  m i c t u r i t i o n ,  s t i l l  f u r t h e r  
f r o m  u n d e r s t a n d i n g  t h e  f a c t o r s  d e t e r m i n i n g  t h e  n i c e  r e l a t i o n ­
s h i p  b e t w e e n  u r i n a r y  c o n t i n e n c e  a n d  m i c t u r i t i o n .  S o  f a r  
o s  w e  c a n  s e e  a t  t h e  m o m e n t ,  f r o m  B a r r i n g t o n ' s  o r i g i n a l  
w o r k ,  f r o m  t h e  p a p e r s  o f  o t h e r  w o r k e r s  a n d  f r o m  t h e  r e s u l t s  
o f  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  s e q u e n c e  i s  a s  f o l l o w s .
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A s  t h e  b l a d d e r  f i l l s  f r o m  t h e  u r e t e r s ,  i n t r a - v e s  i c a l  
p r e s s u r e  d o e s  n o t  r i s e  i n  a l i n e a r  f a s h i o n  w i t h  b l a d d e r  
v o l u m e .  A f t e r  a  s i  i g h t  i n i t i a l  r i s e ,  p r e s s u r e  r e m a i n s  
f a i r l y  c o n s t a n t  a t  a l e v e l  o f  a b o u t  10  t o  15  cm H9 0  o v e r  
a w i d e  r a n g e  o f  i n c r e a s i n g  b l a d d e r  v o l u m e .  ( T a n g  &  R u c h  
1 9 5 5  a n d  L a n g l e y  &  W h i t e s i d e  1 9 5 1 ) .  T h  i s  i s  a p u r e I y  
p h y s i c a l  e f f e c t  s i n c e  i t  i s  s e e n  i n  t h e  d e a d  b l a d d e r  a n d  
e v e n  i n  a r u b b e r  b a l l o o n  ( O s b o r n e  1 9 0 9  a n d  K e s s o n  1 9 1 3 ) .
T h e  r e s i s t a n c e  o f f e r e d  b y  t h e  u r e t h r a l  s m o o t h  m u s c l e  a n d  
e l a s t i c  t i s s u e  i s  a b o u t  2 0  t o  3 0  cm 1 ^ 0 ,  s o  c o n t i n e n c e  a t  
r e s t  i s  e a s i l y  m a i n t a i n e d .  A t  g r e a t e r  d e g r e e s  o f  b l a d d e r  
f i l l i n g  i n t r a - v e s i c a I  p r e s s u r e  w i l l  e v e n t u a l l y  b e g i n  t o  
r i s e ,  b u t  r e f l e x  m i c t u r i t i o n  n o r m a l  l y  o c c u r s  b e f o r e  t h i s  
s t a g e .  I n  a d d i t i o n ,  a t  t h e  h i g h e r  d e g r e e s  o f  b l a d d e r  
f i l l i n g  t h e r e  i s  s om e  i n c r e a s e  i n  t h e  a c t i v i t y  o f  t h e  e x t e r ­
n a l  s p h i n c t e r  a n d  s h o u l d  a n y  c i r c u m s t a n c e  p r o d u c e  a s u d d e n  
r i s e  i n  i n t  r a - v e s  i c a l  p r e s s u r e  f o r c i n g  f l u i d  f r o m  t h e  b l a d d e r  
i n t o  t h e  p r o x i m a l  u r e t h r a ,  t h e  e x t e r n a l  s p h i n c t e r  r e s p o n d s  
w i t h  a p o w e r f u l  r e f l e x  g u a r d i n g  c o n t r a c t i o n  w h i c h  h o l d s  
b a c k  f l u i d .  A c c o r d i n g  t o  t h i s  s c h e m e  t h e  e x t e r n a l  s p h i n c t e r  
f u n c t i o n s  a s  t h e  m e c h a n i s m  f o r  p r o d u c i n g  r a p i d  a n d  p o w e r f u l  
i n c r e a s e  i n  t h e  u r e t h r a l  r e s i s t a n c e  t o  p r e v e n t  s t r e s s  
i n c o n t i n e n c e  b u t  i s  o f  l i t t l e  i m p o r t a n c e  i n  m a i n t a i n i n g  
c o n t i n e n c e  a t  r e s t .  T h e  i n t e r n a l  s p h i n c t e r  p l a y s  t h e  
c o m p l e m e n t a r y  r o l e  o f  m a i n t a i n i n g  c o n t i n e n c e  a t  r e s t  a n d  
i t  m a i n t a i n s  a  m o d e r a t e  u r e t h r a l  r e s i s t a n c e  f o r  l o n g  p e r i o d s  

w i t h  n o  t e n d e n c y  t o  f a t i g u e .

A l t h o u g h  i n t r  a - v e s  i c  a I p r e s s u r e  r e m a i n s  p r a c t i c a l l y  
c o n s t a n t  d u r i n g  f i  I I i n g ,  t h e  t e n s i o n  i n  t h e  b l a d d e r  w a l  I 
r i s e s  s f c e a d i  l y  w i t h  i n c r e a s i  ng  r a d i  i o f  c u r v a t u r e  a n d  i f  we 
a s s u m e  t h e n  t h a t  t h e  f e l  i n e  b l  a d d e r  i s  s p h e r i c a l  ,  a n

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

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

L a p l a c e  e q u a t i o n  T ^ ^ P R . ,  w h e r e  T  i s  t h e  t e n s i  o n  i n  t h e  
b l a d d e r  w a l l  ( G / c m ) ,  P i s  t h e  i n t r a - v e s  i c a  I p r e s s u r e  
( G / c m  )  a n d  R i s  t h e  r a d i u s  o f  c u r v a t u r e  o f  t h e  b l a d d e r  i n  
c m .

W h e n  a  c r i t i c a l  t e n s i o n  d e v e l o p s  i n  t h e  b l a d d e r  wa l  I 
t h e  m i c t u r i t i o n  r e f l e x e s  c o m e  i n t o  a c t i o n .  T h e s e  p r o b a b l y  
o p e r a t e  i n  t w o  s t a g e s .  I n  s t a g e  I . ,  s t i m u l a t i o n  o f  t h e  
t e n s i o n  r e c e p t o r s  i n  s e r i e s  w i t h  t h e  c o n t r a c t i  l e  e l e m e n t s  
i n  t h e  b l a d d e r  w a l  I i n h i b i t s  t h e  e x i s t i n g  t o n i c  c o n t r a c t i o n  
o f  t h e  s t r i p e d  m u s c l e  o f  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  
t h r o u g h  a  c e n t r e  i n  t h e  s a c r a l  c o r d .  T h e  i n g o i n g  p a t h  
i s  i n  t h e  p e l v i c  n e r v e s .  T h i s  i s  B a r r i n g t o n ' s  f i f t h  r e f l e x  

a n d  i t  m a y  c o m e  i n t o  p l a y  e v e n  b e f o r e  t h e  f o l l o w i n g  r e f l e x .  
S t i m u l a t i o n ,  p r e s u m a b l y  o f  t h e  s a m e  r e c e p t o r s  i n  s e r i e s  w i t h  
t h e  c o n t r a c t i  l e  e l e m e n t s  i n  t h e  b l a d d e r  w a l l ,  i n i t i a t e s ,  
t h r o u g h  a c e n t r e  i n  t h e  h i n d  b r a i n ,  c o n t r a c t i  o n  o f  t h e  d e ­
t r u s o r  m u s c l e  o f  t h e  b l a d d e r .  B o t h  i n g o i n g  a n d  o u t g o i n g  
p a t h s  a r e  i n  t h e  p e l v i c  n e r v e s .  T h i s  i s  B a r r i n g t o n ' s  f i  r s t  
r e f l e x  a l t h o u g h  i t  i s  r e f e r r e d  t o  i n  t h e  o l d e r  I i t e r a t u r e  
a s  G u y o n ' s  r e f l e x .

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

B o t h  p a t h s  a r e  a g a i n  i n  t h e  p e l v i c  n e r v e s ,  b u t  t h e  c e n t r e  i s  
i n  t h e  s a c r a l  c o r d .  T h i s  i s  B a r r i n g t o n ' s  s i x t h  r e f l e x .

I n  s t a g e  2 . ,  u r i n e  f low s along th e  u r e t h r a ,  but s ince  

B a r r i n g t o n ' s  f i f t h  r e f l e x  is now in a c t i o n ,  t h i s  f low no
!

l o n g e r  e l  i c i t s  t h e  g u a r d i  n g  r e f l e x  a n d  i n s t e a d  t h e  f j o w  o f  j 
u r i n e  a l o n g  t h e  u r e t h r a  m a i n t a i n s  a n d  p e r h a p s  r e i n f o r c e s  t h e  j
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c o n t r a c t i  o n  o f  " t h e  b l  a d d e r  " t o  e n s u r e  c o m p l e t e  e v a c u a t i o n .  
T w o  r e f l e x e s  p l a y  a  p a r t  : B a r r i  n g t o n ' s  s e v e n t h  r e f l e x ,  
w i t h  b o t h  p a t h s  i n  t h e  p e l v i c  n e r v e s  a n d  a c e n t r e  i n  t h e  
s a c r a l  c o r d  a n d  h i s  s e c o n d  r e f l e x  w i t h  t h e  i n g o i n g  p a t h  i n  
t h e  p u d e n d a l  n e r v e s ,  t h e  c e n t r e  i n  t h e  h i n d  b r a i n  a n d  t h e  
o u t g o i n g  p a t h s  i n  t h e  p e l v i c  n e r v e s .

T h e s e  r e f l e x e s  c o n t i n u e  i n  a c t i o n  w h i l e  t h e  b l a d d e r  i 
e x p e l  l i n g  i t s  c o n t e n t s .  T h e n ,  a l t h o u g h  t h e  m u s c l e  i n  t h e  
b l a d d e r  w a l  I i s  s t i l l  a c t i v e ,  a s  t h e  v o l u m e  o f  t h e  b l a d d e r  
c o n t e n t s  i s  r e d u c e d ,  t h e  a r e a  o f  t h e  w a l  I wi  I I a l s o  d i m i n i s h  
a n d  t h e r e  w i l l  c o m e  a  p o i n t  w h e n  t h e  c o n t r a c t i l e  e l e m e n t s  
h a v e  s h o r t e n e d  a s  m u c h  a s  t h e y  c a n .  A f u r t h e r  r e d u c t i o n  
i n  w a l  I a r e a  n o w  r e l i e v e s  t h e  t e n s i o n  o n  t h e  r e c e p t o r s  and  
r e m o v e s  t h e  s t i m u l u s .  T h e  r e f l e x  d r i v e  i s  t h u s  c u t  o f f  
a n d  b o t h  t h e  a c t i v a t i o n  o f  t h e  b l a d d e r  w a l  I a n d  t h e  i n h i b ­
i t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r  s u b s i d e .  S i n c e  t h e  r e  -  
r e p t o r s  i n  t h e  u r e t h r a  a r e  s t i l l  a c t i v e  a t  t h i s  s t a g e ,  t h e y  
wi  I I  p r o d u c e  r e f l e x  c o n t r a c t i o n  o f  t h e  e x t e r n a l  u r e t h r a l  
s p h i n c t e r  n o w  t h a t  t h e  i n h i b i t i o n  h a s  b e e n  r e m o v e d .  T h i s  
e x t e r n a l  s p h i n c t e r  c o n t r a c t i o n  i s  a t  f i r s t  i n t e r m i t t e n t  a n d  
t h e n  t o n i c .  I t  e m p t i e s  t h e  u r e t h r a  a n d  a l l o w s  b l a d d e r  

f  i I I i n g  t o  r e c o m m e n c e .
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E .  SUMMARY

T h e  r e l a t i v e  s t r e n g t h  o f  t h e  t w o  u r e t h r a l  s p h i n c t e r s  
i n  t h e  c a t  w a s  a s s e s s e d a T h e  e x t e r n a l  o r  s t r i a t e d  m u s c l e  
s p h i n c t e r  i s  t h e  m o r e  p o w e r f u l  I .  T e t a n i c  c o n t r a c t i o n  o f  
t h i s  m u s c l e  p r o d u c e d  b y  s t i m u l a t i o n  o f  t h e  p u d e n d a l  n e r v e s
e n a b l e s  t h e  s p h i n c t e r  t o  h o l d  b a c k  p r e s s u r e s  o f  u p  t o  2 0 0  
cm 1 ^ 0 ,  a l t h o u g h  t h e  m a x i m u m  r e f l e x l y  p r o d u c e d  c o n t r a c t i o n  
i s  o n l y  a b o u t  h a l f  a s  s t r o n g  a s  t h i s .  T h e  t o n e  o f  t h e  
i n t e r n a l  s m o o t h  m u s c l e  s p h i n c t e r  e n a b l e s  i t  t o  w i t h s t a n d  
a p r e s s u r e  o f  a b o u t  3 0  cm I ^ O ,  a n d  t h i s  r e s i s t a n c e  i s  n o t  
s i g n i f i c a n t l y  a f f e c t e d  b y  s p i n a l  a n a e s t h e s i a .  S t i m u l a t i o n  
o f  t h e  h y p o g a s t r i c  n e r v e s  p r o d u c e s  a m o d e r a t e  b u t  e a s i l y  j
f a t i g u e d  i n c r e a s e  i n  u r e t h r a l  r e s i s t a n c e  t h o u g h  t h i s  e f f e c t  1 
i s  s i g n i f i c a n t  o n l y  i n  t h e  m a l e  s e x ,  j

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

E a r l  y  s t a g e s  o f  b l  a d d e r  f i  I I i n g  p r o d u c e  a m o d e r a t e  
i n c r e a s e  i n  t h e  d i s c h a r g e  t o  t h e  e x t e r n a l  s p h i n c t e r  ■ An  J 
a t t e m p t  t o  f o r c e  f l u i d  i n t o  o r  a l o n g  t h e  u r e t h r a  i n  e i t h e r  
d i r e c t i o n  l e a d s  t o  a p o w e r f u l  c o n t r a c t i  o n  o f  t h e  m u s c l e  a n d  

t h i s  h a s  b e e n  t e r m e d  t h e  g u a r d i n g  r e f l e x .  )

H i g h e r  d e g r e e s  o f  b l a d d e r  f i I  I i  n g  p r o d u c e  i n h  i b i  t i  o n  
o f  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  ( B a r r i n g t o n / s  f i f t h  

r e f l e x ) .  T h e  c r i t i c a l  f a c t o r  f o r  t h i s  r e s p o n s e  i s  t e n s i o n  
i n  t h e  b l  a d d e r  w a l l .  L i k e  t h e  c o r r e s p o n d  i ng  r e f l e x  f r o m
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t h e  r e c t u m  t h i s  r e s p o n s e  i s  a b o l i s h e d  b y  s e c t i o n  o f  t h e  

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

T h e  e x i s t e n c e  o f  B a r r i n g t o n ' s  s e c o n d  m i c t u r i t i o n  
r e f l e x  ( c o n t r a c t i  o n  o f  t h e  b l  a d d e r  i n  r e s p o n s e  t o  f l o w  
a l o n g  t h e  u r e t h r a ) ,  i s  c o n f i r m e d .  T h e  e x i s t e n c e  o f  h i s  
f o u r t h  r e f l e x  ( r e l a x a t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r  i n  
r e s p o n s e  t o  f l o w  a l o n g  t h e  u r e t h r a ) ,  i s  d e n i e d ,  t h e  a p p a r e n t  
e f f e c t  b e i n g  d u e  t o  a c o m b i n a t i o n  o f  t h e  s e c o n d  a n d  f i f t h  
r e f I  e x e s .

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

T h e  p o s s i b l e ’ s i g n i f i c a n c e  o f  t h e s e  f i n d i n g s  i s  d i s ­
c u s s e d  a n d  a  s c h e m e  f o r  t h e  r e f l e x  b a s i s  o f  c o n t i n e n c e  a n d  

m i c t u r i t i o n  i s  p r o p o s e d .
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A.  HISTORICAL REVIEW

I • The S e n s i b i l i t y  o f  t h e  Rectum and t h e  Anal Canal

The s e n s i b i l i t y  o f  t h e  p e l v i c  v i s c e r a  has been 

s t u d i e d  in  two ways. E x p e r im e n ta l  p h y s i o l o g i s t s ,  w ork ing  

on a n i m a l s ,  have drawn c o n c lu s io n s  about  s e n s i b i l i t y  f rom  

t h e  s tu d y  o f  t h e  r e f l e x e s ,  w h i l e  c l i n i c i a n s  have e n q u i r e d  

i n t o  t h e  c on sc ious  s e n s a t io n s  a ro u s ed .  The i n f o r m a t i o n ,  

p r o v i d e d  by t h e s e  methods,  about t h e  sense organs p r e s e n t  in  

t h i s  r e g i o n ,  i s  i n d i r e c t .  The most d i r e c t  method o f  s t u d y ­

ing  t h e  p h y s io lo g y  o f  sense organs is  t h e  t e c h n iq u e  o f  s i n g l e  

f i b r e  ne rve  r e c o r d i n g  o r i g i n a l l y  dev e lo p ed  by A d r i a n ,  but  

t h i s  t e c h n i q u e  has o n ly  once been a p p l i e d  t o  t h e  a n o - r e c t a l  

r e g i o n  and has o n ly  been a p p l i e d  t o  a l i m i t e d  e x t e n t  t o  t h e  

u r o - g e n i t a l  r e g i o n .  A l though t h e  e x p e r im e n ts  d e s c r ib e d  in 

t h i s  s e c t i o n  deal  m a in ly  with  t h e  sensory f u n c t i o n  o f  th e  

pudendal n e r v e s ,  because o f  t h e  c l o s e  i n t e r a c t i o n  o f  t h e  

pudendal and p e l v i c  nerves  in th e  r e f l e x  b e h a v io u r  o f  t h e  

p e l v i c  v i s c e r a ,  i t  is  i m p r a c t i c a b l e  t o  d is c u s s  t h e  sen sory  

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

t h e  o t h e r .  T h is  s h o r t  r e v i e w  t h e r e f o r e  d e a ls  w i t h  some o f  

t h e  more im p o r ta n t  papers on th e  a f f e r e n t  pa thw ays ,  the  

s e n s i b i l i t y ,  t h e  n a t u r e  o f  th e  adequate  s t im u l u s  f o r  t h e  

r e f l e x e s  and t h e  h i s t o l o g y  o f  t h e  sense o r g a n s .

The A f f e r e n t  Pathways

From a s tudy  o f  t h e  p a in  o f  v i s c e r a l  d i s e a s e ,  Head 

( 1893) conc luded  t h a t  the  sensory  f i b r e s  from t h e  human 

rec tum  pass inward by th e  second, t h i r d  and f o u r t h  s a c r a l  

d o r s a l  r o o t s .  Th is  was co n f i rm e d  by Rankin & Learmonth

( 1 9 3 0 ) .  Both t h e  pudendal and t h e  p e l v i c  nerves  c a r r y  

s f f c r e n t  impulses which g i v e  r i s e  t o  t h e  d e s i r e  t o  d e f a e c a t e ,
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b u t  i t  w a s  r e p o r t e d  b y  B a r r i n g t o n  ( 1 9 1 5 )  t h a t  c a t s  w i t h  
b o t h  p e l v i c  n e r v e s  c u t ,  s t i l l  s h o w e d  s i g n s  o f  a  d e s i r e  t o  
d e f a e c a t e  w h e n  t h e  r e c t u m  w a s  f u l l ,  a n d  he  d e c i d e d  t h a t  
t h e  m a i n  p a t h w a y s  f o r  t h e  d e s i r e  t o  d e f a e c a t e ,  l a y  i n  t h e  
p u d e n d a l  n e r v e .  T h e  s p i n a l  p a t h w a y  i n v o l v e d  i n  d e f a e c a t i o  
i n  man  w a s  l o c a l i s e d  b y  N a t h a n  &  S m i t h  ( 1 9 5 3 )  t o  a s t r i p  
o f  t h e  s p i n a l  c o r d  r u n n i n g  f r o m  t h e  l a t e r a l  h o r n  t o  t h e  
p e r i p h e r y .  T h e  l a t e r a l  p a r t s  o f  t h i s  s t r i p  a r e  m a i n l y  
a f f e r e n t  a n d  t h e  m e d i a l  p a r t s  m a i n l y  e f f e r e n t .

T h e  s e n s i b i l i t y  a n d  t h e  . a d e q u a t e  s t i m u l u s  f o r
t h e  r e f l e x e s

T h e  f i r s t  s y s t e m a t i c  s t u d y  o f  t h e  s e n s i b i l i t y  o f  
t h e  l o w e r  a l  i m e n t a r y  c a n a l  i n  man  w a s  c a r r i e d  o u t  b y  H u r s t  
( 1 9 1 1 )  a n d  d e s c r i b e d  b y  h i m  i n  t h e  G o u l s t o n i a n  l e c t u r e s  
f o r  t h a t  y e a r .  He f o u n d  t h a t  t h e  c o l o n  a n d  t h e  r e c t u m  
w e r e  i n s e n s i t i v e  t o  t a c t i  l e  o r  t h e r m a l  s t i m u l a t i o n ,  o r  t o  
c h e m i c a l  s t i m u l a t i o n  w i t h  a l c o h o l  o r  a c i d s .  D i s t e n s i o n  o f  
a  b a l l o o n  i n  t h e  c o l o n  a b o v e  t h e  p e l v i - r e c t a l  j u n c t i o n  p r o ­
d u c e d  a  s e n s a t i o n  o f  a b d o m i n a l  d i s c o m f o r t  w h i l e  b e l o w  t h i s  
l e v e l  i t  p r o d u c e d  a d e s i  r e  t o  d e f a e c a t e .  T h e  p r e s s u r e  r e ­
q u i r e d  t o  p r o d u c e  t h e  s e n s a t i o n  o f  a d e s i r e  t o  d e f a e c a t e  
v a r i e d  f r o m  5 0  t o  1 0 0  mm Hg b u t  w a s  r e l a t i v e l y  c o n s t a n t  
f o r  e a c h  i n d i v i d u a l ,  a l t h o u g h  q  s o m e w h a t  l o w e r  p r e s s u r e  
w a s  r e q u i r e d  n e a r  t h e  a n a l  c a n a l  t h a n  w a s  r e q u i r e d  a t  t h e  
u p p e e  e n d  o f  t h e  r e c t u m .  L o c a l  p r e s s u r e  a p p l i e d  d i r e c t l y  
t o  t h e  r e c t a l  w a l l ,  h o w e v e r  s t r o n g ,  w a s  n e v e r  e f f e c t i v e  
a n d  H u r s t  c o n c l u d e d  t h a t  t h i s  s e n s a t i o n  w a s  a m u s c l e  s e n s e  
i n  t h e  w a l l  o f  t h e  g u t .  I r r i t a t i o n  a p p l i e d  t o  t h e  r e c t a l  
m u c o s a  c o u l d  i n c r e a s e  m o t i l i t y ,  b u t  c o u l d  n o t  p r o d u c e  

s e n s  a t i  o n .

On t h e  o t h e r  h a n d ,  G a r r y  ( 1 9 3 4 ) ,  w o r k i n g  o n  c a t s ,
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showed c o n c l u s i v e l y ,  t h a t  t h e r e  were r e c e p t o r s  in  t h e  

r e c t a l  w a l l  s e n s i t i v e  t o  t h e  movement o f  a s o l i d  body o v e r  

t h e  r e c t a l  mucosa and t h a t  t h e s e  r e c e p t o r s  were c a p a b le  o f  

c a u s in g  a r e f l e x  d i l a t i o n  o f  t h e  anal c a n a l .  The a p p l i c -  

a t  io n  o f  c o c a in e  t o  t h e  r e c t a l  mucosa a b o l i s h e d  t h i s  r e s ­

ponse.  G a r ry  found t h a t  d i s t e n s i o n  o f  th e  rec tum  was not  

e f f e c t i v e  as a s t i m u l u s ,  but  t h i s  was p o s s i b l y  because he 

used a w a te r  manometer as a d i s t e n d i n g  agent  and t h e  

p r e s s u r e s  d e v e lo p e d  in t h i s  way were i n a d e q u a t e .  T h is  

r e s u l t  was in agreement w i th  t h a t  o f  Templeton b Lawson

( 1 9 3 1 )  who were unab le  to  induce d e f a e c a t i o n  in u n a n a e s t h e t ­

ised  dogs by i n f l a t i n g  b a l l o o n s  a t  d i f f e r e n t  l e v e l s  o f  t h e  

c o lo n  and r e c tu m .  G a r r y 's  f i n d i n g s  a l s o  agree  w i th  th o se  

o f  A l v a r e z  ( 1 9 2 9 ) ,  who found t h a t  t h e  human c o lo n  was un­

r e s p o n s i v e  t o  d i s t e n s i o n .

G o l i g h e r  & Hughes ( 1 9 5 1 ) ,  however,  c o n f i r m e d  t h e  

o b s e r v a t i o n  o f  Hurs t  t h a t  d i s t e n s i o n  o f  t h e  human rectum  

w i t h i n  10 t o  I 5 cm o f  th e  anus led  t o  a s e n s a t io n  o f  f u l n e s s  

which was a s s o c i a t e d  w i th  a d e s i r e  t o  pass wind or  t o  d e ­
f a e c a t e .  T h is  s e n s a t io n  was accompanied by c o n t r a c t i o n  o f  

t h e  e x t e r n a l  anal s p h i n c t e r .  D i s t e n s i o n  o f  t h e  c o l o n ,  

c r a n i a l  t o  t h e  p e l v i - r e c t a l  j u n c t i o n  however,  caused  

abdominal c o l i c .  They showed t h a t  t h e  r e c t a l  s e n s a t io n  

was c a r r i e d  by nerve f i b r e s ,  which t r a v e l l e d  c e n t r a l l y  in  

t h e  p e l v i c  s p la n c h n ic  nerves  w h i le  t h e  c o l o n i c  s e n s a t io n  

was c a r r i e d  by f i b r e s  passing c e n t r a l l y  in  t h e  s y m p a th e t ic  

p a th w ays .  They emphasised t h e  im p o r tan ce ,  in  s p h i n c t e r  

s a v in g  r e s e c t i o n s  o f  the  rec tum ,  o f  p r e s e r v i n g  s i x  t o  e i g h t  

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

i n n e r v a t i o n  i n t a c t ,  in o rd e r  t o  avo id  i n c o n t in e n c e  o f  f a e c e s .
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A n o t h e r  a s p e c t  o f  t h e  s e n s o r y  b a s i s  o f  f a e c a l  c o n ­
t i n e n c e  w a s  e m p h a s i s e d  b y  I . P .  T o d d  V 1 9 5 9 ) ,  w h o  s t r e s s e d  
t h e  i m p o r t a n c e  o f  t h e  s p e c i a l  s e n s i t i v i t y  o f  t h e  a n a  I 
m u c o u s  m e m b r a n e  i n  m a k i n g  t h e  d i s t i n c t i o n  b e t w e e n  f a e c e s  
a n d  f l a t u s .  He  r e c o m m e n d e d  t h a t  t h i s  m u c o u s  m e m b r a n e  
s h o u l d  b e  p r e s e r v e d  i f  a t  a l l  p o s s i b l e  i n  s p h i n c t e r  s a v i  ng  
o p e r a t i o n s .  T h e  s e n s i t i v i t y  o f  t h e  a n a l  m u c o u s  m e m b r a n e  
w a s  t e s t e d  c l  i n i c a l l y  b y  D u t h i e  & G a i r n s  ( I 9 6 Q ) ,  w h o  
f o u n d  t h a t  a l l  t h e  m o d a l i t i e s  r e p r e s e n t e d  i n  n o r m a l  s k i n  
w e r e  p r e s e n t  h e r e  a l s o ,  i n  m a n y  c a s e s  w i t h  i n c r e a s e d  
s e n s  i t i v i t y .

T h e  h i s t o l o g y  o f  t h e  s e n s e  o r g a n s  I

T h e r e  a r e  a  n u m b e r  o f  s t u d i e s  o f  t h e  h i s t o l o g y  o f
t h e  s e n s e  o r g a n s  o f  t h e  a n o - r e c t a l  r e g i o n .  O u t h i e  & G a i r n s  j
( i 9 6 0 ) ,  e x a m i n e d  h u m a n  b i o p s y  a n d  p o s t - m o r t e m  m a t e r i a l  a n d  j
f o u n d  a  w i d e  v a r i e t y  o f  s p e c i a l  i s e d  e n d  o r g a n s  i n  t h e  a n a l  
c a n a l  b u t  c o u l d  f i n d  n o n e  i n  t h e  r e c t a l  m u c o s a .  S o t e l o  
( 19 5 4 ) ,  o n  t h e  o t h e r  h a n d ,  r e p o r t e d  n e r v e  e n d i n g s  i n  t h e  
m u c o s a  a n d  i n  t h e  m u s c u l a r  w a l l  o f  t h e  r e c t u m  i n  h u m a n  
f o e t u s e s  a nd  i n  t h e  d i s t a l  c o l o n  o f  k i t t e n s .  k a l  k e r  U  9 5 9 )  
u s i n g  g o l d  c h l o r i d e  s t a i n i n g ,  r e p o r t e d  f i n d i n g  m u s c l e  
s p i n d l e s  i n  t h e  e x t e r n a l  a n a l  s p h i n c t e r  o f  t h e  c a t ,  w h i l e  
C h e n n e l s ,  F l o y d  &  G o u l d  ( I 9 6 0 )  h a v e  c o n f i r m e d  t h i s  o b s e r ­
v a t i o n  a n d  h a v e  s u c c e e d e d  i n  r e c o r d i n g  t h e  a f f e r e n t  d i s ­
c h a r g e  f r o m  t h e s e .  T h e  c u t a n e o u s  i n n e r v a t i o n  o f  t h e  c a t  
w a s  s t u d i e d  b y  W i n k e f m a n  ( 1 9 5 9 )  u s i n g  s i l v e r  s t a i n i n g  a n d  
m e t h y l e n e  b l u e .  He f o u n d  t h a t  t h e  b a s i c  a r r a n g e m e n t  o f  
t h e  n e r v e  p l e x u s e s  c o r r e s p o n d e d  t o  t h a t  f o u n d  i n  h u m a n  s k i n .  
T h e  p e r i - a n a l  s k i n  i n  t h e  c a t  c o n t a i n e d  P a c i n i a n  c o r p u s c l e s  
a n d  s m a l l e r  l a m e l l a t e d  e n d —o r g a n s .



149

2 .  T h e  S e n s i b i  1 i t y  o f  t h e  B l a d d e r  a n d  t h e  U r e t h r a

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

T h e  a f f e r e n t  . p a t h w a y s

T h e  f i r s t  e v i d e n c e  l o c a l i s i n g  t h e  i n g o i n g  p a t h w a y s  
f r o m  t h e  l o w e r  u r i  n a r y  t r a c t  w a s  p r o d u c e d  b y  H e a d  ( l 8 9 3 ) «
He s h o w e d  t h a t  u l c e r a t i v e  l e s i o n s  o f  t h e  v e s i c a l  m u c o s a  
w e r e  a c c o m p a n i e d  b y  p a i n  r e f e r r e d  t o  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  a n d  f o u r t h ,  a n d  o c c a s i o n a l l y  o f  t h e  s e c o n d  s a c r a l  
r o o t s .  T h e  p a i n  w h i c h  a c c o m p a n i e d  p r o l o n g e d  o v e r - d  i s t e n s  i o n  
o f  t h e  b l  a d d e r  w a s  d i f f e r e n t  i n  q u o  I i t y  a n d  w a s  r e f e r r e d  j

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

a n d  f i r s t  l u m b a r  r o o t s .  He s h o w e d  t h a t  t h e  p r o s t a t i c  !
r  f\

u r e t h r a  w a s  s u p p l i e d  b y  b o t h  t h e  t e n t h ,  e l e v e n t h  a n d  t w e l f t h  j 
t h o r a c i c  r o o t s  a n d  t h e  f i r s t ,  s e c o n d  a n d  t h i r d  s a c r a l  r o o t s ,  j 
H e a d  & R i d d o c h  ( 1 9 1 7 )  s h o w e d  t h a t  a  p a t i e n t  w h o s e  s a c r a l  '
c o r d  h a d  b e e n  d e s t r o y e d ,  b u t  w h o s e  s y m p a t h e t i c  p a t h w a y s  w e r e  ! 
s t i l l  i n t a c t ,  c o u l d  a p p r e c i a t e  d i s t e n s i o n  a n d  e m p t y i n g  o f  
h i s  b l a d d e r .  I t  w a s  s h o w n  b y  R i d d o c h  ( 1 9 2 1 )  t h a t  n o t  o n l y  
t h e  p a i n  o f  b l a d d e r  d i s t e n s i o n ,  b u t  a l s o  t h e  p a i n  a s s o c ­
i a t e d  w i t h  s t i m u l a t i o n  o f  t h e  t r i g o n e  w a s  c a r r i e d  b y  n e r v e  
f i b r e s  r u n n i n g  i n w a r d  b y  w a y  o f  t h e  s y m p a t h e t i c  p a t h w a y s .

T h e  e e n s i  b i  I i t y

M o o r e  ( 1 9 2 4 )  c a r r i e d  o u t  a s y s t e m a t i c  i n v e s t i g a t i o n  
o f  v e s i c a l  s e n s i b i l i t y .  He f o u n d  t h a t  t a c t i l e  s t i m u l a t i o n  
w a s  p o o r l y  r e c o g n i s e d  a n d  v e r y  p o o r l y  l o c a l  i s e d  a n d  h e  
c o n c l u d e d  t h a t  t h e  b l a d d e r  w a s  i n s e n s i t i v e  t o  t a c t i l e  
s t i m u l a t i o n  u n l e s s  t h i s  w a s  f i r m  e n o u g h  t o  p r o d u c e  l o c a l  
d e f o r m a t i o n  o f  t h e  s u r r o u n d i n g  s t r u c t u r e s .  A l l  s e n s a t i o n s  
w e r e  p o o r l y  l o c a l i s e d  o n  t h e  d o m e  a n d  l a t e r a l  w a l l s  a l t h o u g h  
l e f t  a n d  r i g h t  c o u l d  u s u a l l y  b e  d i s t i n g u i s h e d .  T h e  b a s e  o f
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t h e  b l a d d e r  w a s  m o r e  s e n s i t i v e ,  t h e  t r i g o n e  s t i  I I  m o r e  
s e n s i t i v e  a n d  t h e  p o s t e r i o r  u r e t h r a  w a s  t h e  m o s t  s e n s i t i v e  
o f  a l l .  A p p l i c a t i o n  o f  l o c a l  h e a t  w a s  b e t t e r  r e c o g n i s e d  

t h a n  l o c a l  c o l d .  T h i s  l a s t  f i n d i n g  w a s  l a t e r  c o n f i r m e d  
b y  M a c D o n a l d  &  M u r p h y  ( 1 9 5 9 ) *  w h o  s h o w e d  t h a t  n o r m a l  
p a t i e n t s  h a d  a  d e f i n i t e  b u t  c r u d e  s e n s i b i l i t y  t o  w a r m t h  o r  
c o l d  i n  t h e  b l a d d e r ,  t h e  p a t h w a y s  b e i n g  i n  t h e  p e l v i c  n e r v e s .  
N a t h a n  ( 1 9 5 6 ) ,  o n  t h e  o t h e r  h a n d ,  f o u n d  t h a t  w a r m t h  c o u l d  
b e  p e r c e i v e d  o n l y  i n  t h e  d i s t a l  u r e t h r a  a n d  n o t  i n  t h e  

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

N a t h a n  ( 1 9 5 6 )  a l s o  d e s c r i b e d  t h e  v a r i o u s  s e n s a t i o n s  
a s s o c i a t e d  w i t h  n o r m a l  m i c t u r i t i o n  a n d  h i s  p a p e r  i s  t h e  
m o s t  a u t h o r  i t a t i  v e  s t a t e m e n t  o n  t h e  s u b j e c t  o f  t h e  s e n s i b ­
i l i t y  o f  t h e  u r i n a r y  t r a c t .  T h e  n o r m a l  s e n s a t i o n  o f  t h e  
d e s i r e  t o  m i c t u r a t e  i s  a s s o c i a t e d  w i t h  t e n s i o n  r e c e p t o r s  
i n  t h e  b l a d d e r  w a l l  w h i c h  s e n d  i m p u l s e s  a l o n g  f i b r e s  l y i n g  
i n  t h e  p e l v i c  n e r v e s .  T h e r e  i s  a l s o  a  s e n s a t i o n  t h a t  
m i c t u r i t i o n  i s  i m m i n e n t ,  f e l t  i n  t h e  p e r i n e u m .  T h i s  
s e n s a t i o n  i s  u r e t h r a l  i n  o r i g i n  a n d  c a n  b e  p r o d u c e d  i n  a 
p a t i e n t  w i t h  a s u p r a - p u b i c  c y s t o s t o m y ,  b y  b l o w i n g  a i r  o r  
r u n n i n g  f l u i d  t h r o u g h  t h e  u r e t h r a .  T h e  i n g o i n g  p a t h w a y  

^  i s  b y  w a y  o f  t h e  p u d e n d a l  n e r v e  a n d  t h e  d o r s a l  c o l u m n s  o f  -/Y
t h e  s p i n a l  c o r d .  T h e  s e n s a t i o n  t h a t  u r i n e  i s  p a s s i n g  h a s  

t h r e e  c o m p o n e n t s  : -
a .  a n  a w a r e n e s s  o f  t h e  o p e n i n g  o f  t h e  s p h i n c t e r  m u s c u l a t u r e
b .  a  f e e l i n g  o f  s o m e t h i n g  p a s s i n g  a l o n g  t h e  u r e t h r a ,  a n d
c .  a  t h e r m a l  s e n s a t i o n .  T h e r e  i s  a l s o  s o m e  p r o p r i o c e p ­
t i v e  s e n s a t i o n  f r o m  t h e  p e r i n e a l  m u s c l e s  a t  t h e  b e g i n n i n g  
a n d  e n d  o f  m i c t u r i t i o n .  U r e t h r a l  s e n s a t i o n  i s  l e s s  m a r k e d  

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



151'

p u d e n d a l  n e r v e s .  P a i n  a n d  t e m p e r a t u r e  p a s s  c r a n i a d  i n  t h e  
s p  i n o - t h a l  am i c  t r a c t s  w h i l e  t o u c h  a n d  s p h i n c t e r  p r o p r i o c e p ­
t i o n  p a s s  i n  t h e  d o r s a l  c o l u m n s .

E l e c t r o - p h y s i o l o g i c a l  s t u d i e s

T h e  f i r s t  i n v e s t i g a t i o n  o f  t h e  u r i n a r y  s y s t e m ,  
u s i n g  e l e c t r i c a l  r e c o r d i  n g  w a s  t h a t  o f  T a l a a t  ( 1 9 3 7 )  a n d  
s i n c e  t h i s  i s  t h e  o n l y  e l e c t r o - p h y s i o l o g i c a l  s t u d y  o f  t h e  
s e n s o r y  i n n e r v a t i o n  o f  t h e  u r e t h r a ,  i t  i s  r e v i e w e d  i n  s o m e  
d e t a i l .  T a l a a t  r e c o r d e d  t h e  a f f e r e n t  d i s c h a r g e s  f r o m  t h e  
n e r v e s  s u p p l y i n g  t h e  b l a d d e r  a n d  u r e t h r a  b u t  h i s  r e c o r d i n g s  
w e r e  t a k e n  f r o m  t h e  c o m p l e t e  n e r v e  t r u n k s  w i t h  t h e  s h e a t h  
i n t a c t .  T h e y  t h e r e f o r e  r e p r e s e n t  t h e  c o m b i n e d  d i s c h a r g e  
o f  m a n y  s e n s o r y  u n i t s  a n d  p r o v i d e  I i t t l e  i n f o r m a t i o n  a b o u t  
t h e  i n d i v i d u a l  s e n s e  o r g a n s .

T a l a a t  f o u n d  t h a t  w h e n  t h e  b l a d d e r  w a s  e m p t y ,  t h e  
p e l v i c  n e r v e s  s h o w e d  a n  i r r e g u l a r  c e n t r i p e t a l  d i s c h a r g e  
w i t h  a f r e q u e n c y  o f  a b o u t  f i v e  i m p u l s e s  p e r  s e c o n d  a n d  
b u r s t s  o f  i m p u l s e s  c o i n c i d e n t  w i t h  e a c h  h e a r t  b e a t .
F i l l i n g  o f  t h e  b l a d d e r ,  u n l e s s  v e r y  g r a d u a l ,  c a u s e d  an  
i n i t i a l  b u r s t  o f  i m p u l s e s  w h i c h  f a d e d  g r a d u a l  l y  o v e r  a  
p e r i o d  o f  f i v e  m i n u t e s .  A d i s c h a r g e  c o u l d  a l s o  b e  r e c o r d e d  
f r o m  t h e  p e l v i c  n e r v e  w h e n  t h e  b l a d d e r  w a s  c o n t r a c t i n g ,  
b u t  t h e  s e n s e  o r g a n s  w h i c h  r e s p o n d e d  t o  a c t i v e  c o n t r a c t i o n  
w e r e  n o t  t h e  s a m e  o s  t h o s e  w h i c h  r e s p o n d e d  t o  p a s s i v e  d i s ­
t e n s i o n ,  s i n c e  t h e  r e c e p t o r s  r e s p o n d i n g  o n  c o n t r a c t i o n  w e r e  
o f t e n  r a p i d l y  a d a p t i n g  a n d  t h o s e  s e n s i t i v e  t o  d i s t e n s i o n  

a l w a y s  a d a p t e d  s l o w l y .

N e r v e  t w i g s  f r o m  t h e  p e l v i c  n e r v e  s u p p l y i n g  t h e  
u r e t h r a  o f  t h e  f e m a l e  c a t ,  l i k e  t h o s e  s u p p l y i n g  t h e  b l a d d e r ,  
s h o w e d  a  c o n s t a n t  b u t  f a i n t  r e s t i n g  d i s c h a r g e .  D i s t e n s i o n  
o f  t h e  u r e t h r a  p r o d u c e d  o n l y  r a p i d l y  a d o p t i n g  r e s p o n s e s  i n
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t h e  p u d e n d a l  a n d  p e l v i c  n e r v e s ,  b u t  a f e w  s l o w l y  a d a p t i n g  
r e s p o n s e s  t o  d i s t e n s i o n  w e r e  r e c o r d e d  f r o m  t h e  J i y p o g a s t r i c  
n e r v e s  a t  p r e s s u r e s  o v e r  1 0 0  c m ^ 0 .  W h e n  s a l  i ne  w a s  

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

T h e  o n l y  o t h e r  e l e c t r o - p h y s i o l o g i c a l  i n v e s t i g a t i o n  
o f  t h e  a f f e r e n t  n e r v e  s u p p l y  o f  t h e  u r i n a r y  s y s t e m  i s  t h a t  
o f  I g g o  ( 1 9 5 5 )  a n d  t h i s  i s  a  m u c h  m o r e  i m p r e s s i v e  p a p e r  
t h a n  T a l a a t ' s  l a r g e l y  b e c a u s e  o f  t h e  m o r e  r e f i n e d  t e c h n i q u e  
w h i c h  I g g o  u s e d .  He w a s  a b l e  t o  d i s s e c t  s m a l l  t w i g s  o f  
t h e  p e l v i c  n e r v e  s u p p l y i n g  t h e  b l  a d d e r  a n d  t o  o b t a i n  s i n g l e  
f i b r e  p r e p a r a t i o n s  f r o m  t h e s e .  199© d e m o n s t r a t e d  s t r e t c h  
r e c e p t o r s  i n  t h e  b l a d d e r  w a l l  w h i c h  w e r e  s t i m u l a t e d  d u r i n g  
p a s s i v e  d i s t e n s i o n  o f  t h e  b l a d d e r  a n d  a l s o  d u r i n g  a c t i v e  
c o n t r a c t i o n ,  w h e r e a s  T a l a a t  h a d  s t a t e d  t h a t  d i f f e r e n t  s e n s e  
o r g a n s  r e s p o n d e d  i n  t h e s e  t w o  c o n d i t i o n s .  He  a l s o  r e p o r t e d  
( I g g o  1 9 5 6 ) ,  a  s i n g l e  r e c e p t o r ,  w i t h  i t s  a x o n  i n  t h e  p e l v i c  
n e r v e  w h i c h  r e s p o n d e d  t o  f l o w  t h r o u g h  t h e  u r e t h r a ,  i t s  
f r e q u e n c y  w a s  p r o p o r t i  o n a l  t o  t h e  r a t e  o f  f l o w  a n d  i t s  m a x ­
i m u m  d i s c h a r g e  f r e q u e n c y  w a s  a b o u t  3 0 0  i m p u l s e s  p e r  s e c o n d .

T h e  p a p e r  o f  K u r u  &  K a m i k a w a  ( I 9 6 0 )  i s  p r o b a b l y  
b e s t  c o n s i d e r e d  a l s o  u n d e r  t h e  h e a d i n g  o f  e l e c t r o - p h y s i o l -  
o g i c a l  i n v e s t i g a t i o n s ,  a l t h o u g h  i t  i s  d i f f i c u l t  t o  a s s e s s  
t h e  i m p o r t a n c e  o f  i t s  r e s u l t s .  T h e s e  w o r k e r s  r e c o r d e d  
a c t i o n  p o t e n t i a l s  f r o m  t h e  p r e v i o u s l y  d e l  i m i t e d  v e s i c o -  
c o n s t r i c t o r  a n d  v e s i c o - r e I a x e r  c e n t r e s  i n  t h e  m e d u l l a .  
F i l l i n g  o f  t h e  b l a d d e r  p r o d u c e d  b o t h  i n c r e a s e  i n  d i s c h a r g e  
f r e q u e n c y  a n d  d e c r e a s e  i n  d i s c h a r g e  f r e q u e n c y  i n  t h e  u n i t s
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r e c o r d e d  f r o m  b o t h  c e n t r e s ,  w h i l e  c o n t r a c t i o n  o f  t h e  
b l a d d e r  w a s  a s s o c i a t e d  w i t h  r e d u c t i o n  i n  t h e  d i s c h a r g e  
f r e q u e n c y  r e c o r d e d  f r o m  b o t h  c e n t r e s .  I t  i s  n o t  c l e a r ,  
h o w e v e r ,  w h e t h e r  t h e s e  i m p u l s e s  a r e  i n g o i n g  o r  o u t g o i n g  
o r  e v e n  t h a t  t h e y  a r e  c o n c e r n e d  w i t h  t h e  u r i n a r y  s y s t e m .

T h e  H i s t o l o g y  o f  t h e  s . e n s e  o r g a n s

S e v e r a l  w o r k e r s ,  a m o n g  t h e m  K l e n t j e n s  &  L a n g w o r t h y  
( 1 9 3 8 )  a n d  L a n g w o r t h y  &  M u r p h y  ( 1 9 3 9 ) ,  u s i n g  e i t h e r  m e t a l l i c  
i m p r e g n a t i o n  o f  m e t h y l e n e  b l u e  s t a i n i n g ,  h a v e  d e s c r i b e d  
w h a t  t h e y  h a v e  t a k e n  t o  b e  s e n s o r y  n e r v e  e n d i n g s  i n  t h e  
w a l l  o f  t h e  b l a d d e r .  A s  w i t h  s u c h  s t r u c t u r e s  i n  s m o o t h  
m u s c l e  e l s e w h e r e  i n  t h e  b o d y ,  t h e i r  i d e n t i t y  a s  s e n s e  o r g a n s  
i s  r a t h e r  d o u b t f u l  a n d  s u c h  p a p e r s  h a v e  a d d e d  l i t t l e  t o  t h e  
p h y s i o l o g i c a l  p i c t u r e .

A n o t h e r  r e p o r t  o f  r a t h e r  u n c e r t a i n  s i g n i f i c a n c e  i s  
t h a t  o f  G e r b e t z o f f  &  G r i e t e n  ( 1 9 5 6 ) .  T h e s e  w o r k e r s  u s e d  
a  t e c h n i q u e  d e s i g n e d  t o  d e m o n s t r a t e  c h o I i n e s t e r a s e  h i s t o -  
c h e m i c a l l y  i n  t h e  t i s s u e s .  T h e y  c l a i m e d  t h a t  t h e y  c o u l d  
d i s t i n g u i s h  b e t w e e n  i n t r a - f u s a l  a n d  e x t r a - f u s a l  m u s c l e  
f i b r e s  w i t h  t h i s  m e t h o d ,  o n  t h e  b a s i s  o f  t h e  d i s t r i b u t i o n  
o f  c h o I i n e s t e r a s e  i n  t h e  m o t o r  e n d  p l a t e s .  T h e y  f o u n d  
t h a t  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  o f  t h e  g u i n e a  p i g  w a s  
r i c h  i n  i n t r a - f u s a l  f i b r e s  a n d  t h e r e f o r e ,  p r e s u m a b l y  r i c h  
i n  m u s c l e  s p i n d l e s .  T h e y  d i d  n o t  h o w e v e r ,  d e m o n s t r a t e  
m u s c l e  s p i n d l e s  o r  e v e n  s e n s o r y  n e r v e  e n d i n g s .

G a r r y  &  G a r v e n  ( 1 9 5 7 )  d e s c r i b e d  a  v a r i e t y  o f  o r g a n ­
i s e d  n e r v e  e n d i n g s  i n  a n d  a r o u n d  t h e  u r e t h r a l  w a l l  o f  t h e  

c a t .
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B .  M E T H O D S

I ■ D i s s e c t i o n  f o r  R e c o rd in g  Impulses from th e  P e l v i c

V i s c e r a  in t h e  S a c r a l  Dorsal  Roots

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

a b s e n c e  o f  s h e a t h  o r  p e r i n e u r i u r n  s i m p I i f i e d  t h e  p r o d e d u r e .  
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  s a c r a l  p l e x u s  w e r e ,  o s  f a r  
a s  p o s s i b l e ,  d e n e r v a t e d  b y  a  d i s s e c t i o n  o f  t h e  ‘s a c r a l  p l e x u s  
w h i c h  l e f t  o n l y  t h e  g e n i t o - a n a l ,  t h e  d o r s a l i s  p e n i s  a n d  t h e  
p e l v i c  n e r v e s  s t i  I I  i n t a c t .  C o n s i d e r a b l e  c o n f u s i o n  w a s  
c a u s e d  i n  t h e  f i r s t  e x p e r i m e n t s  b y  i m p u l s e s  a r i s i n g  f r o m  
r e c e p t o r s  i n  t h e  j o i n t s  a n d  m u s c l e s  a t  t h e  b a s e  o f  t h e  t a i  I ,  
e s p e c i a l l y  w h e n  t h e  a n a l  c a n a l  w a s  d i s t e n d e d .  T h i s  d i f f i ­
c u l t y  w a s  l a t e r  o v e r c o m e  b y  r e m o v i n g  t h e  t a i l  a n d  i t s  
a s s o c i a t e d  m u s c l e s .  D i s a r t i c u l a t i o n  w a s  c a r r i e d  o u t  a t  
t h e  s a c r o - c e u d a l  j u n c t i o n ,  l e a v i n g  t h e  a n a l  c a n a l  a n d  i t s  
s p h i n c t e r s  w i t h  t h e  d i s t a l  c o l o n ,  f r e e l y  e x p o s e d  f r o m  t h e  
d o r s a l  s u r f a c e  ( f i g .  5 5 ) .  T h i s  e x p o s u r e  a l l o w e d  t h e  s e n s o r y  
u n i t s  w h i c h  w e r e  b e i n g  s t u d i e d  t o  b e  a c c u r a t e l y  l o c a l i s e d  
b y  e x p l o r a t i o n  w i t h  a  b l u n t  p r o b e  w h i l e  t h e  r e s u l t i n g  
d i s c h a r g e  w a s  o b s e r v e d .  T h e  r e c t u m  a n d  a n a l  c a n a l  c o u l d  b e  
e x a m i n e d  b y  t h i s  d o r s a l  a p p r o a c h ,  w h i l e  a c o m b i n e d  a p p r o a c h  
c o u l d  b e  m a d e  t o  t h e  u r e t h r a  r o u n d  t h e  s i d e  o f  t h e  r e c t u m  
a n d  v e n t r a l  l y  t h r o u g h  t h e  g ^ >  b e t w e e n  t h e  s e p a r a t e d  e n d s  o f  

t h e  p u b i c  s y m p h y s i s .
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T h e  p r o c e d u r e  f o l l o w e d  i n  t h e  d o r s a l  r o o t  e x p e r i ­
m e n t s  c a n  n o w  b e  d e s c r i  b e d  i n  s o m e  d e t a i  I .  T h e  c a t  w a s  
a n a e s t h e t i s e d  w i t h  N e m b u t a l ,  g i v e n  b y  i n t r a - p e r i t o n e a l  
i n j e c t i o n  a n d  t h e  t r a c h e a  w a s  c a n n u l a t e d .  T h e  u r e t h r a  w a s  
e x p o s e d  a s  a l r e a d y  d e s c r i b e d  i n  s e c t i o n  4 «  a n d  a n  o p e n i n g  
m a d e  i n t o  i t  j u s t  b e l o w  t h e  b l a d d e r  n e c k ,  A p o l y t h e n e  
t u b e  w a s  t h e n  p a s s e d  i n t o  t h e  b l a d d e r  a n d  t h r o u g h  t h e  s a m e  
o p e n i n g  a n o t h e r  w a s  p a s s e d  i n t o  t h e  u r e t h r a  a n d  d i r e c t e d  
d i s t a l l y  a n d  b o t h  t u b e s  w e r e  t i e d  i n .  T h e  p u b i c  s y m p h y s i s  
w a s  t h e n  p r o p p e d  o p e n  w i t h  a p i e c e  o f  c o r k  a n d  t h e  s p a c e  
b e t w e e n  t h e  e n d s  w a s  p a c k e d  w i t h  c o t t o n  w o o l  s o a k e d  i n  
p a r a f f i  n .

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

s h a v e d  a n d  a  m i d - l i n e  d o r s a l  i n c i s i o n  w a s  m a d e  f r o m  t h e  
f i f t h  l u m b a r  s p i n e  t o  a p o i n t  o v e r l y i n g  t h e  f i  r s t  i n c h  o r  —• 
s o  o f  t h e  t a i  I . T h e  s k i n  w a s  r e f l e c t e d  l a t e r a l  l y  a n d  s o  
a l s o  w a s  t h e  s u p e r f i c i a l  s p i n a l  a p o n e u r o s i s  ( l u m b a r  f a s c i a ) ,  
a f t e r  i t  h a d  b e e n  d e t a c h e d  f r o m  t h e  t i p s  o f  t h e  s p i n o u s  
p r o c e s s e s .  T h e  l o n g  m u s c l e s  c o v e r i n g  t h e  d o r s a l  a s p e c t  
o f  t h e  l u m b a r  v e r t e b r a l  c o l u m n  w e r e  n e x t  d i s s e c t e d  f r e e ,  
f r o m  t h e  l e v e l  o f  L 5 .  t o  t h e  b a s e  o f  t h e  t a i l ,  l e a v i n g  t h e  

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

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

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

a r e  p u b o —c a u d a I i  s , i I i  o —c a u d a I i  s ,  i s c h  i o —c a u d a I i  s ,  c a u d o — 
c a v e r n o s u s  a n d  r e c t o —c a u d a l  i s .  T h e  l a t e r a l  l o n g i t u d i n a l  
v e i n  o f  t h e  t a i  I w a s  c l a m p e d  o n  e a c h  s i d e  a n d  t h e  t a i  I 
r e m o v e d  b y  d i s a r t i c u l a t i o n  o f  t h e  s a c r o —c a u d a l  j u n c t i o n ,  
c u t t i n g  a c r o s s  t h e  c a u d a  e q u i n a .  P r o f u s e  b l e e d i n g  u s u a l l y  
o c c u r r e d  f r o m  t h e  a n t e r i  o r  c a u d a l  a r t e r y ,  b u t  t h i  s  w a s
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q u i c k l y  c l a m p e d  a n d  t i e d .  T h e  s a c r a l  a n d  l o w e r  l u m b a r  
s p i n o u s  p r o c e s s e s  w e r e  n o w  r e m o v e d  w i t h  b o n e  n i b b l e r s ,
A p a i r  o f  f i n e  b o n e  n i b b l e r s  w a s  t h e n  i n s e r t e d  i n t o  t h e  
g a p  b e t w e e n  t h e  s a c r u m  a n d  t h e  s e v e n t h  l u m b a r  v e r t e b r a  a n d  
t h e  d o r s a  I l a m i n a e  w e r e  r e m o v e d  a s  f a r  c r a n i a l  l y  a s  t h e  
f i f t h  l u m b a r .  T h e  d o r s a l  a s p e c t  o f  t h e  s a c r u m  w a s  t h e n  
r e m o v e d  a n d  t h e  b o n e  e d g e s  t r i m m e d  a s  f a r  b a c k  a s  t h e  b a s e s  
o f  t h e  a r t i c u l a r  p r o c e s s e s .  T h e  e x t r a - d u r a l  f a t  a n d  t h e  
c o n n e c t i v e  t i s s u e  w e r e  r e m o v e d  t a k i n g  c a r e  n o t  t o  d a m a g e  
t h e  d u r a .  T h e  e d g e s  o f  t h e  s k i n  w o u n d  w e r e  n o w  s t i t c h e d  
t o  a  b r a s s  r i n g  w h i c h  w a s  c l a m p e d  t o  t h e  f r a m e w o r k  h o l d i n g  j

t h e  c a t  a n d  t h e  p o o l  s o  f o r m e d  w a s  f i l l e d  w i t h  l i q u i d  
p a r a f f i n  w h i c h  w a s  m a i n t a i n e d  a t  3 8 ° C .  T h e  d u r a  m a t e r  
w a s  n e x t  i n c i s e d  i n  t h e  m i d d l e  l i n e  f r o m  t h e  l e v e l  o f  L5# j
t o  t h e  l e v e l  o f  S 3 *  u s i n g  f i n e  s c i s s o r s  w i t h  t h e  t i p s  t u r n e d  j

• • * iju p  t o  a v o i d  t o u c h i n g  t h e  u n d e r l y i n g  c o r d .  T h e  e d g e s  o f  j• £
t h e  c u t  d u r a  w e r e  h e l d  u p  i n  f i n e  f o r c e p s  a n d  w e r e  s t i t c h e d  j 
b a c k  t o  t h e  s u r r o u n d i n g  m u s c l e  u s i n g  a f i n e  c u r v e d  n e e d l e .
T h e  i n d i v i d u a l  s p i n a l  r o o t s  w e r e  s e p a r a t e d  w i t h  w a t c h - m a k e r s T  
f o r c e p s  a n d  g l a s s  h o o k s .  A p r o v i s i o n a l  d e c i s i o n  w a s  t h e n  
m a d e  a s  t o  t h e  i d e n t i t y  o f  t h e  v a r i o u s  r o o t s  a n d  t h e  v e n t r a l  j 
a n d  d o r s a l  c o m p o n e n t s  o f  t h e  r o o t s  w e r e  s e p a r a t e d  u s i n g  j

b l u n t  e n d e d  g l a s s  h o o k s .  |
i

T h e  v e n t r a l  r o o t s  f r o m  L7» t o  S3. ,  w e r e  c u t  a c r o s s  
o n  b o t h  s i d e s  a s  n e a r  t o  t h e  c o r d  a s  p o s s i b l e  a n d  t h e  p e r i -

i

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

w i r e  e l e c t r o d e s  a n d  s t i m u l a t e d  w i t h  p u l s e s  o f  I m s e c  
d u r a t i o n ,  a t  l o w  f r e q u e n c y .  A n o t e  w a s  t a k e n  o f  w h i c h  
m u s c l e s  r e s p o n d e d  i n  e a c h  c a s e  a n d  i f  a n y  m u s c l e  o t h e r  t h a n  
t h e  s p h i n c t e r s  r e s p o n d e d ,  f u r t h e r  d i s s e c t i o n  w a s  u n d e r t a k e n  
t o  c o m p l e t e  t h e  d e n e r v a t i o n .  A t  t h e  e n d  o f  t h e  e x p e r i m e n t  
t h e  i d e n t i t y  o f  t h e  r o o t s  w a s  v e r i f i e d  p o s t - m o r t e m  a s  

d e s c r i b e d  i n  s e c t i o n  I .
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2 .  P r o c e d u r e  f o r  R e c o r d i n g  f r o m  t h e  D o r s a l  R o o t  F i b r e s

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

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

i
s u b d i v i s i o n  a r e  s h o w n  i n  f i g .  5 6  a n d  i n c l u d e d  f i n e  w a t c h ­
m a k e r s '  f o r c e p s ,  f i n e l y  g r o u n d  n e e d l e s  s e a l e d  i n t o  g l a s s  
r o d s ,  a n d  s m a l l  h o o k s  d r a w n  f r o m  g l a s s  t u b i n g  a n d  f l a m e d  a t  
t h e  e n d s  t o  e n s u r e  t h a t  n o  s h a r p  e d g e s  r e m a i n e d .

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

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

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

T h e  l a t e r  s t a g e s  o f  t h e  s u b d i v i s i o n  w e r e  c a r r i e d  
o u t  w i t h  t h e  a i d  o f  a b i n o c u l a r  d i s s e c t i n g  m i c r o s c o p e .
T h i s  w a s  m o u n t e d  o n  a  m a s s i v e  m o v a b l e  s t a n d ,  w h i c h  w a s  
c o m p l e t e l y  s e p a r a t e  f r o m  t h e  o p e r a t i n g  t a b l e .  T h e  s t a n d
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was f i t t e d  w i t h  f i n e  a d j u s t i n g  screws by means o f  which  

movement o f  t h e  in s t r u m e n t  in any d e s i r e d  d i r e c t i o n  c ou ld  

be p r o d u c e d .  The m ic ro scope  was a l s o  f i t t e d  w i t h  a 

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

i l l u m i n a t e d  when t h e  in s t ru m e n t  was moved.

At t h e  b e g in n i n g  o f  an e x p e r im e n t  t h e  o s c i I l o s c o p e  

sweep speed was a d j u s t e d  to  g i v e  t h e  appearance o f  a s i n g l e  

l i n e  on t h e  s c r e e n .  At t h i s  sweep spe ed ,  s e v e ra l  a c t i o n  

p o t e n t i a l s  co u ld  be seen on t h e  screen  s i m u l t a n e o u s l y ,  even 

a t  low d i s c h a r g e  f r e q u e n c i e s .  A s t r a n d  was p u l l e d  o f f  the  

d o r s a l  r o o t  which was be ing  examined and l a i d  across  the  

r e c o r d i n g  e l e c t r o d e s .  I t  was found t h a t  w in d in g  t h e  end 

o f  t h e  s t r a n d  round one o f  t h e  e l e c t r o d e  b la d e s  ensured  a 

more s t a b l e  c o n t a c t  and d i d  not  damage t h e  c o n s t i t u e n t  

f i b r e s  o f  th e  s t r a n d .  The v a r io u s  s t i m u l i  —  d i s t e n s i o n  

and movement w i t h i n  th e  anal c a n a l  and d i s t e n s i o n  and p e r ­

f u s i o n  o f  t h e  u r e t h r a  —  were th e n  t r i e d  and i f  no response  

was o b t a i n e d ,  t h e  nerve  was moved to  a new p o s i t i o n  on the  

 ̂ e l e c t r o d e s  and t h e  same p ro c e d u re s  r e p e a t e d .  I f  t h i s  

j f a i l e d  t o  p roduce  a response and i f  t h e  t w i g  was s t i l l  o f  

i c o n s i d e r a b l e  s i z e ,  i t  was s p l i t  and t h e  p ro c e d u re  r e p e a te d  

on t h e  r e s u l t i n g  s m a l l e r  t w i g s .

In most cas es ,  however,  th e  respo nse  o b t a i n e d  c o n ­

s i s t e d  o f  t h e  d i s c h a r g e s  o f  a number o f  sensory  u n i t s  and 

in  o r d e r  t o  o b t a i n  r e c o r d s  f o r  a n a l y s i s ,  t h e  t w i g  had to  be 

broken down u n t i  I a s i n g l e  f i b r e  p r e p a r a t i o n  was l e f t .  The 

te rm  s i n g l e  f i b r e  p r e p a r a t i  on, i s  a p p l i e d  t o  a t w i g  which  

c o n t a i n s  o n l y  one a c t i v e  u n i t  under th e  c o n d i t i o n s  o f  t h e  

e x p e r i m e n t ,  a l th o u g h  s e v e r a l  sensory  axons may be c o n t a i n e d  

in i t .  Twigs which were not c o m p l e t e l y  s i n g l e  f i b r e  in 

t h e i r  d is c h a r g e  p a t t e r n s ,  but  which c o n t a i n e d  two or  t h r e e  

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

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

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

On e a c h  o c c a s i o n  t h a t  a  s e n s o r y  u n i t  w a s  f o u n d  t o  b e  j 
s e n s i t i v e  t o  o n e  o f  t h e  a p p l i e d  s t i m u l i ,  i t  w a s  s u b s e q u e n t l y  ! 
l o c a l  i s e d  b y  t o u c h i n g  w i t h  a b l u n t  e n d e d  p r o b e .  T h e  s u s ­
p e c t e d  a r e a  w a s  e x p l o r e d  w i t h  t h e  p r o b e  u n t i  I a r e g i o n  w a s  
f o u n d  w h e r e  I i g h t  p r e s s u r e  p r o d u c e d  a n  i n c r e a s e  i n  t h e  
d i s c h a r g e  a l r e a d y  p r e s e n t .  W i t h  e x p e r i e n c e ,  i t  w a s  u s u a l l y  
p o s s i b l e  t o  l o c a l  i s e  q u i t e  a c c u r a t e l y  t h e  r e c e p t o r  o f  t h e  
u n i t  w h i c h  h a d  p r e v i o u s l y  b e e n  i s o l a t e d  a n d  s t u d i e d .  I n  j 

t h i s  r e s p e c t  t h e  s o u n d  p r o d u c e d  b y  t h e  m o n i t o r i n g  l o u d  
s p e a k e r  w a s  u s u a l l y  m o r e  h e l p f u l  t h a n  t h e  d i s c h a r g e  v i s i b l e  j 
o n  t h e  s c r e e n .  A s  a r o u t i n e ,  a l s o ,  t h e  v e n t r a l  r o o t  c o r ­
r e s p o n d i n g  t o  t h e  d o r s a l  r o o t  b e i n g  s t u d i e d ,  w a s  p l a c e d  o n  —-  
m e t a l  s t i  mu I a t  i ng  e l e c t r o d e s  s o  t h a t  t h e  e f f e c t  o f  m o t o r  
s t i m u l a t i o n  o n  a n y  u n i t s  i s o l a t e d ,  c o u l d  b e  o b s e r v e d .

A d e t a i l e d  r e c o r d  o f  a l  I t h e  s e n s o r y  u n i t s  i s o l a t e d  
i n  t h i s  w a y  w a s  k e p t ,  t o  g i v e  i n f o r m a t i o n  o n  t h e  r e l a t i v e  
f r e q u e n c y  o f  t h e  d i f f e r e n t  t y p e s  o f  r e c e p t o r .
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C .  E X P E k l  MENTAL  R E S U L T S

I .  T h e  P u d e n d a l  S e n s o r y  I n n e r v a t i o n  o f  t h e  A n a l  C a n a l

W h e n  t w i g s  f r o m  t h e  s a c r a l  d o r s a l  r o o t s  w e r e  l a i d  o n  
t h e  r e c o r d i n g  e l e c t r o d e s ,  a f t e r  a l I  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  e x c e p t  t h e  p u d e n d a l  n e r v e s  h a d  b e e n  c u t ,  b a c k g r o u n d  
a c t i v i t y  o f  s m a l l  a m p l i t u d e  o f  u n d e t e r m i n e d  o r i g i n  b u t  
c o n s i s t i n g  o f  t h e  c o m b i n e d  d i s c h a r g e s  o f  s e v e r a l  s e n s o r y
u n i t s  w a s  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 h e r e  m i g h t  b e  o n e
o r  m o r e  u n i t s  w h i c h  r e s p o n d e d  t o  m e c h a n i c a l  s t i m u l a t i o n  o f  
t h e  a n a l  r e g i o n .  T w o  m e t h o d s  o f  s t i m u l a t i o n  w e r e  u s e d  a s  
a  r o u t i n e  —  t o u c h i n g  t h e  p e r i - a n a  I s k i n  a n d  m u c o u s  m e m b r a n e  

w i t h  a p r o b e  a n d  i n f l a t i o n  o f  a b a l l o o n  l y i n g  i n  t h e  a n a l  
c a n a l .  I f  m o r e  t h a n  o n e  a c t i v e  s e n s o r y  u n i t  w a s  p r e s e n t ,  a n  
a t t e m p t  w a s  m a d e  t o  d i v i d e  t h e  s t r a n d  s o  t h a t  a s i n g l e  f i b r e  
p r e p a r a t i o n  o f  e a c h  s e n s o r y  u n i t  w a s  i s o l a t e d  a n d  t h e  r e ­
c e p t o r s  c o u l d  b e  c l a s s i f i e d  o n  t h e  b a s i s  o f  t h e i r  r e s p o n s e  
t o  t h e  s t i m u l i .  I n  a l l  t h e s e  c a s e s  t h e  s a c r a l  v e n t r a l  
r o o t s  w e r e  f i r s t  c u t  so  t h a t  t h e  s e n s o r y  d i s c h a r g e s  w e r e  t h e  
r e s p o n s e s  f r o m  t h e  r e c e p t o r s  t h e m s e l v e s ,  u n i n f l u e n c e d  b y  
r e f l e x  a c t i v i t y  o r  b y  t o n i c  m o t o r  i n n e r v a t i o n .  I t  w a s  n o t  
p o s s i b l e ,  h o w e v e r ,  t o  g i v e  an  a c c u r a t e  e v a l u a t i o n  o f  t h e  
r e l a t i v e  f r e q u e n c y  w i t h  w h i c h  t h e  d i f f e r e n t  t y p e s  o f  s e n s e  
o r g a n  a r e  d i s t r i b u t e d  i n  t h e  a n a l  r e g i o n ,  s i n c e  t h e  r e c o r d -  
i n g  m e t h o d  d e t e c t e d  o n l y  a p r o p o r t i o n  o f  t h e  s e n s o r y  u n i t s  
p r e s e n t  i n  t h e  r o o t s  a n d  t e n d e d  t o  e m p h a s i s e  t h o s e  h a v i n g  

a  h i g h e r  s p i k e  v o l t a g e .

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

On d i s t e n s i o n  o f  t h e  a n a l  c a n a l  t w o  t y p e s  o f  r e s p o n s e  
w e r e  o b s e r v e d .  T h e  f i r s t ,  w h i c h  s h a l  I b e  r e f e r r e d  t o  a s  
t h e  r a p i d l y  a d a p t i n g  t y p e  o f  r e s p o n s e ,  c o n s i s t s  o f  a  b r i e f  
b u r s t  o f  t w o  t o  s i x  i m p u l s e s  d u r i n g  t h e  p e r i o d  o f  i n f l a t i o n  
o f  t h e  b a l  l o o n  a n d  a s i m i l a r  b u r s t  a s  t h e  b a l  l o o n  i s  d e -  ,
f l a t e d .  No  d i s c h a r g e  i s  r e c o r d e d  w h i l e  t h e  b a l l o o n  i s
m a i n t a i n e d  i n  a s t e a d y  s t a t e  o f  d i s t e n s i o n .  A d i s c h a r g e  o f  
t h i s  s o r t  i s  s h o w n  i n  f i g .  5 7 0 . T o  a n d  f r o ,  o r  r o t a t p r y  
m o v e m e n t  o f  a d e f l a t e d  b a l l o o n  i n  t h e  a n a l  c a n a l ,  l e a d s  t o  a  ; 
t o t a l  l y  i r r e g u l a r  a n d  i n t e r m i t t e n t  d i s c h a r g e  f r o m  r e c e p t o r s  
o f  t h i s  t y p e .  A s i m i l a r  r e s p o n s e  i s  g i v e n  w h e n  t h e  s a m e  
r e c e p t o r  i s  s t i m u l a t e d  b y  p r o b i n g  a n d  s u c h  s e n s e  o r g a n s  
c o u l d  b e  q u i t e  a c c u r a t e l y  l o c a t e d  i n  t h i s  w a y .  T h e y  w e r e  
f o u n d  t o  l i e  i n  a n d  a r o u n d  t h e  e x t e r n a l  a n a l  s p h i n c t e r ,  i n
t h e  s u r r o u n d i n g  i s c h i o - r e c t a l  f a t  a n d  i n  t h e  m u c o u s  m e m b r a n e  ;
o f  t h e  a n a l  c a n a l .  !

T h e  s e c o n d  t y p e  o f  d i s c h a r g e  s e e n  o n  d i s t e n s i o n  o f  
t h e  a n a l  c a n a l  wi  I I b e  r e f e r r e d  t o  a s  t h e  s l o w l y  a d a p t i  n g  
r e s p o n s e  ( f i g s .  5 7 A &  B ) .  T h i s  c o n s i s t s  o f  a  s u s t a i n e d  
a n d  b a s i c a l l y  r e g u l a r  d i s c h a r g e  o f  i m p u l s e s  w h i c h  c o n t i n u e s  
f o r  a s  l o n g  a s  t h e  d i s t e n s i o n  i s  m a i n t a i n e d  a n d  i n  w h i c h  
t h e  d i s c h a r g e  f r e q u e n c y  v a r i e s  w i t h  t h e  d e g r e e  o f  d i s t e n s i o n ;  
L o c a l  p r e s s u r e  w i t h  a p r o b e  s t i m u l a t e d  t h e  s e n s e  o r g a n s  
r e s p o n s i b l e  f o r  t h i s  t y p e  o f  d i s c h a r g e  a n d  c a u s e d  a  s i m i l a r  

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

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

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

M o s t  o f  t h o s e  e x a m i n e d  s h o w e d  a  c o n t i n u o u s  r e s t i n g
d i s c h a r g e  w i t h  t h e  a n i m a l  s u p p o r t e d  i n  a  p r o n e  p o s i t i o n  
a s  d e s c r i b e d  a b o v e ,  a n d  w i t h  n o t h i n g  l y i n g  i n  t h e  a n a l  
c a n a l  t o  a c t  a s  a s t i m u l u s  ( f i g .  5 8  A ) .  T h i s  r e s t i n g  
d i s c h a r g e  v a r i e d  b e t w e e n  f i v e  a n d  f i f t e e n  i m p u l s e s  p e r  
s e c o n d  a n d  w h e n  t h e  f r e q u e n c y  f e l l  b e l o w  f i v e  i m p u l s e s  p e r  
s e c o n d ,  t h e  d i s c h a r g e  b e c a m e  i r r e g u I a r  a n d  o f t e n  s h o w e d  
a l t e r n a t i n g  p e r i o d s  o f  a c t i v i t y  a n d  p e r i o d s  o f  s i l e n c e .
T h e  r e s t i n g  d i s c h a r g e  w a s  p r e s e n t  w h e t h e r  t h e  s a c r a l  v e n t r a l  
r o o t s  w e r e  i n t a c t  o r  c u t .  I n  s o m e  c a s e s ,  s l o w  r h y t h m i c  
c o n t r a c t i o n s  o f  t h e  s m o o t h  m u s c l e  o f  t h e  c o l o n  c o u l d  b e  
o b s e r v e d  p a s s i n g  a l o n g  t o  i n v o l v e  t h e  i n t e r n a l  s p h i n c t e r .  
T h e s e  c o n t r a c t i o n s  c a u s e d  t h e  a n a l  o p e n i n g  t o  s h o w  r h y t h m i c  
n a r r o w i  n g  a n d  d i  I a t i  o n  w i t h  a p e r i o d i c i t y  o f  a b o u t  t h i r t y  
s e c o n d s .  T h e  f r e q u e n c y  o f , t h e  s l o w l y  a d a p t i n g  s e n s e  o r g a n  
d i s c h a r g e  f r o m  t h e  o v e r l y i n g  s t r i a t e d  m u s c l e  s p h i n c t e r ,  
f o l l o w e d  t h i s  m o v e m e n t ,  s h o w i n g  a r i s e  d u r i  n g  c o n t r a c t i o n  
a n d  a f a l  I d u r i  n g  r e l a x a t i o n .

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

r e s t ,  i s  n o t  e a s y  t o  s e t t l e .  I t  w a s  n o t  p o s s i b l e  t o  
i d e n t i f y  t h e  a n a l  r e c e p t o r s  w i t h  c e r t a i n t y  i n  a n  a n i m a l  
w i t h  t h e  t a i l  s t i l l  a t t a c h e d ,  o r  t o  d i s t i n g u i s h  t h e s e  f r o m  
r e c e p t o r s  i n  t h e  j o i n t s  a n d  l i g a m e n t s  a t  t h e  b a s e  o f  t h e  t a i  L 
I n  p r e p a r a t i o n s  i n  w h i c h  t h e  t a i  I h a d  b e e n  r e m o v e d  a n d  t h e  
s k i n  s t i t c h e d  t o  a  b r a s s  r i n g ,  i t  i s  p o s s i b l e  t h a t  t h e
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e x t e r n a l  s p h i n c t e r  w a s  u n d e r  a b n o r m a l l y  h i g h  t e n s i o n  d u e  
t o  s t r e t c h i n g  o f  t h e  s k i n  a n d  m u s c l e ,  s o  p r o d u c i n g  a  
r e s t i n g  s e n s o r y  d i s c h a r g e  w h i c h  w a s  n o t  p r e s e n t  i n  t h e  
i n t a c t  a n i m a l .  On t h e  b a s i s  o f  i n s p e c t i o n  a l o n e ,  h o w e v e r ,  
t h e  s p h i n c t e r  a p p e a r e d  t o  b e  u n d e r  l o w e r  r e s t i n g  t e n s i o n  
w h e n  i t  w a s  d e t a c h e d  f r o m  i t s  n o r m a l  d o r s a l  o r i g i n  o n  t h e  
c a u d a l  v e r t e b r a e  a n d  w a s  s u s p e n d e d  f r o m  t h e  b r a s s  t i n g  b y  
t h  e  s k  i n .

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

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

D i s t e n s i o n  o f  t h e  a n a l  c a n a l  b y  i n f l a t i n g  a  b a l l o o n ,  
l e d  t o  a s h a r p  i n c r e a s e  i n  t h e  f r e q u e n c y  o f  t h e  d i s c h a r g e  
w h i c h  r e a c h e d  a p e a k  d u r i  ng  t h e  f i r s t  s e c o n d  a n d  t h e n  
g r a d u a l l y  d e c a y e d  o v e r  a p e r i o d  o f  a b o u t  t w e n t y  s e c o n d s  t o  
r e a c h  a  s t e a d y  v a l u e  c h a r a c t e r i s t i c  f o r  e a c h  d i s t e n d i n g  
p r e s s u r e .  ( f i g -  5 7  A b* B ) .  T h e  t i m e  c o u r s e  o f  t h i s  
a d a p t a t i o n  p r o c e s s  w a s  s i m i l a r  i n  a l 1 r e c e p t o r s  o f  t h i s  
k i n d  s t u d i e d  a n d  i s  w e l I  s h o w n  i n  f i g .  5 8 ,  i n  w h i c h  t h e  
i m p u l s e  f r e q u e n c y  w a s  p l o t t e d  a g a i n s t  t i m e .

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

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

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



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

T h e  t i m e  t a k e n  f o r  t h e  a d a p t a t i o n  o f  t h e  d i s c h a r g e  
t o  a  s t e a d y  v a l u e ,  v a r i e d  s o m e w h a t  f r o m  u n i t  t o  u n i t  a n d  
d e p e n d e d  o n  t h e  r a t e  o f  a p p l i c a t i o n  o f  t h e  d i s t e n d i n g  
p r e s s u r e  a n d  o n  t h e  p r e s s u r e  a c t u a l l y  u s e d ,  b u t  t h e r e  w a s  
u s u a l l y  l i t t l e  c h a n g e  i n  f r e q u e n c y  a f t e r  t e n  s e c o n d s .  I n  
f i g .  5 8  £ ,  ( a d a p t a t i o n  t o  4 0  mm H g ) ,  a d a p t a t i o n  s t i l l  s e e m s  
t o  b e  g o i n g  o n ,  t h o u g h  t o  a v e r y  s l i g h t  e x t e n t  a f t e r  t w e n t y  
s e c o n d s ,  w h e r e a s  i n  f i g .  5 8  B ( a d a p t a t i o n  t o  10  mm H g ) ,  t h e r e  
i s  n o  f u r t h e r  c h a n g e  i n  i m p u l s e  f r e q u e n c y  a f t e r  f i v e  s e c o n d s .

F i g .  5 8  a l s o  s h o w s  t h a t  t h e r e  i s  a  r e l a t i o n  b e t w e e n  
t h e  m a g n i t u d e  o f  t h e  d i s t e n d i n g  p r e s s u r e  a n d  t h e  f r e q u e n c y  
o f  t h e  f i n a l  a d a p t e d  d i s c h a r g e .  T h i s  r e l a t i o n  i s  b e t t e r  

s e e n  i n  f i g .  5 9  i n  w h i c h  t h e  t w o  q u a n t i t i e s  a r e  p l o t t e d  o n e  
a g a i n s t  t h e  o t h e r  f o r  t w o  d i f f e r e n t  s l o w l y  a d o p t i n g  u n i t s  
f r o m  t h e  e x t e r n a l  a n a l  s p h i n c t e r .  I t  c a n  b e  s e e n  t h a t  t h e  
r e l a t i o n s h i p  i s  a p p r o x i m a t e l y  l i n e a r .  P r e s u m a b l y  t h e  
a c t u a l  s t i m u l u s  t o  w h i c h  t h e  s e n s e  o r g a n  r e s p o n d s  i s  t h e  
t e n s i o n  i n  t h e  m u s c l e  r i n g ,  a l t h o u g h  t h e  u s e  o f  a b a l l o o n  
a s  a d i s t e n d i n g  a g e n t ,  w h i l e  c o n v e n i e n t  i n  m a n y  r e s p e c t s  
d o e s  n o t  a l l o w  a c c u r a t e  a s s e s s m e n t  o f  t h e  t e n s i o n  d e v e l o p e d  
i n  t h e  m u s c l e  a n d  n o  a t t e m p t  w a s  m a d e  t o  e s t i m a t e  i t .  F i g .  
6 0  s h o w s  s a m p l e s  o f  t h e  d i s c h a r g e s  r e c o r d e d  f r o m  s u c h  a  
s e n s o r y  u n i t  a t  d i f f e r e n t  p r e s s u r e s  a f t e r  a t w e n t y  s e c o n d  
i n t e r v a l  t o  a l l o w  a d a p t a t i o n  t o  t a k e  p l a c e .

W h e n  t h e  p r e s s u r e  d i s t e n d i n g  t h e  a n a l  c a n a l  w a s  
r e l e a s e d  t h e  d i s c h a r g e  f r e q u e n c y  f e l I  a b r u p t l y  t o  a  v a l u e  
b e l o w  t h a t  o f  t h e  p r e v i o u s  r e s t i n g  d i s c h a r g e  a n d  u s u a l l y  
f e l l  t o  z e r o .  T h e r e a f t e r  i t  g r a d u a l l y  r o s e  a g a i n  t o  t h e  
n o r m a l  r e s t i n g  f r e q u e n c y .  T h i s  s e q u e n c e  o f  e v e n t s  d u r i n g
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i n f l a t i o n  a n d  d e f l a t i o n ,  e a s i l y  r e c o g n i s e d  w h e n  h e a r d  o n  
t h e  l o u d s p e a k e r ,  e n a b l e s  t h e  s l o w l y  a d a p t i n g  u n i t  t o  b e  
d i s t i n g u i s h e d  f r o m  a b a c k g r o u n d  o f  o t h e r  u n i t s .  F i g .  61 
s h o w s  a  g r a p h i c  p l o t  o f  f r e q u e n c y  a g a i n s t  t i m e ,  f o r  s u c h  
a c y c l e .  T h e  u n i t  i n  t h i s  c a s e  s h o w s  a  ' r e s t i n g  d i s c h a r g e '  
o f  2 0  i m p u l s e s  p e r  s e c o n d ,  a l t h o u g h ,  t h i s  w i l l  n o t  b e  a  t r u e  

r e s t i n g  d i s c h a r g e  s i n c e  a d e f l a t e d  b a l l o o n  w a s  l y i n g  i n  t h e  
a n a l  c a n a l  w h i l e  t h e  d i s c h a r g e  w a s  b e i n g  r e c o r d e d .  Wh e n  a 
d i s t e n d i n g  p r e s s u r e  o f  4 0  mm Hg w a s  a p p l i e d  a t  t h e  r a t e  o f  
10  mm Hg  p e r  s e c o n d  t h e  f r e q u e n c y  r o s e  t o  5 0  i m p u l s e s  p e r  
s e c o n d .  H e r e  t h e  d e g r e e  o f  a d a p t a t i o n  w h i c h  o c c u r r e d  w a s  
s l i g h t  b e c a u s e  o f  t h e  s l o w  r a t e  o f  d i s t e n s i o n .  Wh en  t h e  
b a l l o o n  w a s  r a p i d l y  d e f l a t e d ,  t h e  d i s c h a r g e  f r e q u e n c y  f e l l  
a b r u p t l y  t o  z e r o  a n d  g r a d u a l l y  r e t u r n e d  t o  t h e  o r i g i n a l  
l e v e l  o f  2 0  i m p u l s e s  p e r  s e c o n d  o v e r  a  p e r i o d  o f  t h r e e  t o  
f o u r  s e c o n d s .

T h e  m a x i m u m  f r e q u e n c y  a t t a i n e d  b y  t h e  d i s c h a r g e  i s  
r e a c h e d  v e r y  s h o r t l y  a f t e r  t h e  m a x i m u m  p r e s s u r e  i s  d e v e l o p e d  
a n d  i s  l a r g e l y  a  f u n c t i o n  o f  t h e  r a t e  o f  a p p l i c a t i o n  o f  t h e  
p r e s s u r e ,  t h e  m o r e  r a p i d  t h e  a p p l i c a t i o n ,  t h e  h i g h e r  t h e  
f r e q u e n c y .  F i g s .  5 7  A &  B s h o w  t h e  d i s c h a r g e  r e c o r d e d  f r o m  
t h e  s a m e  u n i t  d u r i n g  t h e  d i s t e n s i o n  o f  t h e  a n a l  c a n a l ,  w i t h  
a  p r e s s u r e  o f  3 0  mm Hg a t  t w o  d i f f e r e n t  r a t e s  a n d  f i g .  6 2  
s h o w s  a  s i m i l a r  e x p e r i m e n t  p l o t t e d  g r a p h i c a l l y .  I n  t h e  
r e s p o n s e  r e p r e s e n t e d  b y  t h e  c o n t i  n u o u s  I i n e ,  t h e  p r e s s u r e  
w a s  a p p j i e d  a t  t h e  r a t e  o f  6 0  mm Hg i n  h a l f  a  s e c o n d  a n d  t h e  
p e a k  d i s c h a r g e  f r e q u e n c y  r o s e  t o  7 0  i m p u l s e s  p e r  s e c o n d .
I n  t h e  r e s p o n s e  r e p r e s e n t e d  b y  t h e  d o t t e d  I i n e ,  t h e  p r e s s u r e  
w a s  a p p l i e d  a t  10  mm Hg p e r  s e c o n d  a n d  t h e  p e a k  d i s c h a r g e  
f r e q u e n c y  r o s e  t o  3 7  i m p u l s e s  p e r  s e c o n d .  I n  b o t h  r e s p o n s e s ,
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t h e  f r e q u e n c y  a d a p t e d  t o  t h e  s a m e  v a l u e  o f  a b o u t  3 3  i m p u l s e s  
p e r  s e c o n d  d u r i n g  t h e  n e x t  10  s e c o n d s .

W h e n  a  s e n s o r y  u n i t  w a s  i s o l a t e d  a s  a  s i n g l e  f i b r e  
p r e p a r a t i o n ,  t h e  c o r r e s p o n d i n g  v e n t r a l  r o o t  w a s  p l a c e d  o n  
a  s e c o n d  p a i r  o f  e l e c t r o d e s  a n d  s t i m u l a t e d  w i t h  s i n g l e  p u l s e s  
o f  I m s e c  d u r a t i o n  a n d  v a r y i n g  v o l t a g e .  S t i m u l a t i o n  o f  
t h e  v e n t r a l  r o o t  l e d  t o  c o n t r a c t i o n  o f  t h e  e x t e r n a l  a n a l  
s p h i n c t e r ,  w h i c h  w a s  m o r e  m a r k e d  o n  t h e  s i d e  b e i n g  s t i m u l ­
a t e d .  I f  a s t e a d y  d i s t e n s i o n  w a s  b e i n g  a p p l i e d  t o  t h e  
a n a l  c a n a l  a t  t h e  s a m e  t i m e ,  t h e  c o n t r a c t i o n  o f  t h e  e x t e r n a l  
s p h i n c t e r  w a s  a c c o m p a n i e d  b y  a p a u s e  i n  t h e  d i s c h a r g e  r e c o r d ­
e d  f r o m  t h e  s e n s o r y  f i b r e  ( f i g .  6 3  A ) . I n  s o m e  c a s e s ,  a t  
h i g h e r  v o l t a g e s  o f  s t i m u l a t i o n ,  t h e  r e s u l t  w a s  a b u r s t  o f  
i m p u l s e s  o r  a  b u r s t  f o l l o w e d  b y  a p a u s e .  I n  a l l  t h e  u n i t s  
e x a m i n e d ,  t h e  p a u s e  w a s  t h e  m a i n  r e s p o n s e  a n d  c o u l d  a l w a y s  
b e  o b t a i n e d  i f  a s u i t a b l e  s t i m u l a t i n g  v o l t a g e  w a s  c h o s e n  
( f i g .  6 3  B &  C ) .  S t i m u l a t i o n  o f  t h e  c o r r e s p o n d i n g  v e n t r a l  
r o o t  o n  t h e  sa me  s i d e  w i t h  I m s e c  p u l s e s  a t  a f r e q u e n c y

l
s u f f i c i e n t  t o  p r o d u c e  t e t a n i c  c o n t r a c t i  o n  o f  t h e  e x t e r n a l  j! 
s p h i n c t e r ,  a b o l i s h e d  t h e  a f f e r e n t  d i s c h a r g e  c o m p l e t e l y .  §
I n  f i g .  5 7  C ,  t h e  v e n t r a l  r o o t  w a s  s t i m u l a t e d  a t  16  p e r  f

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

R e c e p t o r s  i n  e v e r y  w a y  s i m i l a r  t o  t h o s e  f o u n d  i n  t h e  
a n a l  s p h i n c t e r  w e r e  p r e s e n t  i n  t h e  s p h i n c t e r  v a g i n a e  a n d  
c o u l d  b e  l o c § l t s e d  t o  t h a t  m u s c l e  ;  t h e y  w e r e  n o t  a n a l  
r e c e p t o r s  b e i n g  s t i m u l a t e d  b y  v a g i n a l  d i s t e n s i o n .
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2 .  The Pudendal Sensory  I n n e r v a t i o n  o f  t h e  U r e t h r a

As in th e  c a s e  o f  t h e  anal r e g i o n ,  most o f  t h e  

im p u lses  a r i s i n g  on s t i m u l a t i o n  o f  t h e  u r e t h r a l  r e g i o n  

a r i s e  in  cu tan e o u s  sense o r g a n s .  R a p i d l y  a d a p t i n g  sense  

organs s e n s i t i v e  t o  touch  were common in t h e  s k i n  o f  th e  

g l a n s  p e n i s ,  t h e  p repuce  and the  v u l v a  o f  t h e  f e m a l e .

Some o f  t h e s e  impulses  may have o r i g i n a t e d  in t h e  g e n i t a l  

c o r p u s c l e s  o f  t h e  r e g i o n  and may be concerned  in sexua l  

r e f  I e x e s .

When t h e  u r e t h r a  was t i e d  o f f  and th e n  d i s t e n d e d  

w i t h  f l u i d  from t h e  p rox im a l  end,  r a p i d l y  a d a p t in g  d is c h a r g e s  

were found c l o s e l y  r e s e m b l in g  th o s e  found on s t i m u l a t i o n  o f  

th e  anal r e g i o n .  The d i s c h a r g e  c o n s i s t e d  o f  a b r i e f  b u r s t  

as t h e  p r e s s u r e  was r e l e a s e d ,  but  t h e r e  was no d is c h a r g e  

d u r i n g  m a in ta in e d  d i s t e n s i o n .  The s p ik e s  making up d i s ­

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

e a s i l y  p ic k e d  out  from background a c t i v i t y .  These r e c e p t o r s  

were not  s e n s i t i v e  to  f l o w  a long t h e  u r e t h r a  u n le s s  t h e  

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

ch a rg e  b r i e f l y  i f  t h e  f lo w  s t a r t e d  or  s to p p e d ,  o r  changed  

su d d e n ly  in r a t e .

In no case  d id  low p r e s s u r e  d i s t e n s i o n  o f  th e  

u r e t h r a  evoke a s u s t a i n e d  d is c h a r g e  com parab le  t o  t h a t  f rom  

t h e  s l o w l y  a d a p t in g  anal s t r e t c h  r e c e p t o r s .  In a few c a s e s ,  

u s u a l l y  a t  p r e s s u r e  in excess o f  100 mm Hg, a s u s t a i n e d  

d i s c h a r g e  was seen ,  bu t  t h i s  p r e s s u r e  was a lm ost  c e r t a i n l y  

w e l l  above t h e  p r e s s u r e  n o r m a l ly  d eve lo ped  in t h e  u r e t h r a .  

T h i s  high p r e s s u r e  may have s t i m u l a t e d  r e c e p t o r s  l y i n g  in  

n e ig h b o u r in g  s t r u c t u r e s .  I t  was not found p o s s i b l e  to  

loca l  is e  a c c u r a t e l y  th e  source o f  d is c h a r g e s  o f  t h i s  k i n d .
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A c o n s t a n t  r a t e  o f  f l o w  o f  f l u i d  a lo n g  t h e  u r e t h r a  

was produced  by t y i n g  a f i n e  p o l y t h e n e  c a n n u l a ,  d i r e c t e d  

d i s t a l  I y ,  i n t o  t h e  p ro x im a l  u r e t h r a  and c o n n e c t i n g  t h e  

c a n n u la  th ro u g h  a t a p  to  a r e s e r v o i r  o f  f l u i d  a t  a f i x e d  

h e i g h t  above t h e  u r e t h r a  ( u s u a l l y  60 c m ) .  When t h e  ta p  

was opened,  t h e  f l u i d  ran a lo n g  th e  u r e t h r a  and escaped  

f rom t h e  e x t e r n a l  m eatus .  The r a t e  o f  f l o w  was measured  

w i t h  a volume r e c o r d e r  co n n e c te d  to  t h e  a i r - i n l e t  o f  t h e  

r e s e r v o i r  as d e s c r ib e d  in s e c t i o n  4 .  A s t e a d y  s t ream  o f  

f l u i d  a long  t h e  u r e t h r a  was accompanied by a s u s t a i n e d  but  

t o t a l l y  i r r e g u l a r  d is c h a r g e  in t h e  dorsa l  r o o t  f i b r e s .  The 

d u r a t i o n  o f  t h e  d is c h a r g e  co r res p o n d ed  c l o s e l y  to  th e  p e r i  od 

o f  t h e  f lo w  ( f i g s .  64 A & B and f i g .  6 7 )  and t h e r e  was o f t e n  

an i n c r e a s e  in t h e  d i s c h a r g e  r a t e  when th e  f lo w  s t a r t e d  and 

s to p p e d .  S t i m u l a t i o n  o f  th e  c o r r e s p o n d i n g  v e n t r a l  r o o t  

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

s p h i n c t e r ,  hod l i t t l e  e f f e c t  on t h e  d i s c h a r g e  in t h e  d o r s a l  

r o o t s  ( f i g s .  64 A ) .  When, however,  t h e  f r e q u e n c y  o f  

s t i m u l a t i o n  was in c r e a s e d  s u f f i c i e n t l y  t o  g i v e  t e t a n i c  c o n ­

t r a c t i o n  o f  t h e  e x t e r n a l  s p h i n c t e r ,  t h e  d i s c h a r g e  in th e  

d o r s a l  r o o t  f i b r e  d i s a p p e a r e d  f o r  t h e  p e r i o d  t h a t  t h e  f lo w  

was stopped and re a p p e a re d  when f l o w  r e s t a r t e d  ( f i g .  64 B

and f i g .  6 7 ) .

F i g .  65 A is  a p o r t i o n  o f  t h e  d i s c h a r g e  r e c o r d e d  

d u r i n g  s te a d y  f l o w  a long t h e  u r e t h r a  from a r e s e r v o i r  60 cm 

above b l a d d e r  le v e l  and shows t h e  c h a r a c t e r i s t i c  i r r e g u l a r ­

i t y  o f  th e  d i s c h a r g e .  I t  can be seen t h a t  t h e r e  i s  no 

u n d e r l y i n g  rhythm- in t h i s  ca s e ,  in  c o n t r a s t  t o  t h e  s l o w ly  

a d a p t i n g  d is c h a r g e  from t h e  s t r e t c h  r e c e p t o r s  in t h e  anal  

cana I .

The f r e q u e n c y  o f  t h e  d i s c h a r g e  was found t o  v a ry  w i t h
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t h e  r a t e  o f  f l o w  a lo n g  t h e  u r e t h r a .  To i n v e s t i g a t e  t h i s ,  

t h e  r e s e r v o i r  was s e t  a t  d i f f e r e n t  h e i g h t s  above t h e  u r e t h r a  

w h i l e  t h e  volume o f  f l u i d  which escaped from t h e  e x t e r n a l  

meatus and t h e  a v e ra g e  d i s c h a r g e  f r e q u e n c y  were measured  

o v e r  t h e  same p e r i o d .  The r e s u l t  o f  such an e x p e r im e n t  

i s  shown g r a p h i c a l l y  in f i g .  68 .  With d r i v i n g  p r e s s u r e s  

up t o  60 cm ^ O ,  th e  d is c h a r g e  v a r i e d  between 5 and 20  

im pu lses  p e r  second.  I t  can be seen a ls o  t h a t  t h e r e  is  a 

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

minimum f lo w  r a t e  below which t h e  u r e t h r a  rem ains  c l o s e d .

A much f a s t e r  r o t e  o f  f low  c o u ld  be produced by 

b lo w in g  a i r  a long  t h e  u r e t h r a  w i t h  a s y r i n g e .  The passage  

o f  t h e  a i r  produced sound and was t h e r e f o r e  p resu m ab ly  

t u r b u l e n t .  I t  was accompanied by a v e ry  h ig h  f r e q u e n c y  o f  

d i s c h a r g e .  ( 8 0 - 1 0 0 /  s ec )  in t h e  f lo w  r e c e p t o r s ,  and t h e  

d is c h a r g e  became more regu I a r  a t  t h e  h ig h e r  f r e q u e n c i e s  

( f i g .  65 B ) .  S im ple  d i s t e n s i o n  o f  th e  u r e t h r a  in t h e  

absence o f  f l o w ,  caused o n ly  two or t h r e e  impulses  in t h e s e  

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

respo nse  was found t o  local  s t i m u l a t i o n  w i th  a p r o b e .  The 

sense organs c o u ld  be local  i sed by p r o b in g  and were found to  

l i e  in t h e  sub stance  o f  t h e  u r e t h r a  i t s e l f .

The ' f l o w - r e c e p t o r ' u n i t s  always had a low s p i k e  

v o l t a g e  and so were d i f f i c u l t  t o  d i s t i n g u i s h  from t h e  b a c k ­

ground a c t i v i t y .  T h i s ,  t o g e t h e r  w i t h  t h e  absence o f  any  

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

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

were more e as i I y  fo  und in maIe an i maIs th a n  in fema I e s , 

p o s s i b l y  due t o  t h e  g r e a t e r  le n g th  o f  th e  male u r e t h r a .  They 

were most abundant in t h e  r e g i o n  o f  t h e  e x t e r n a l  s p h i n c t e r .



170

3 -  C e n t r i p e t a l  I m p u l s e s  i n  t h e  P e l v i c  N e r v e s  a n d  I m p u l s e s  
A r i s i n g  f r o m  S o m a t i c  S t r u c t u r e s  i n  t h e  P e l v i s  o n  
D i s t e n d i n g  t h e  B l a d d e r  o r  t h e  R e c t u m

A t t e m p t s  w e r e  m a d e  t o  r e c o r d  f r o m  t h e  i n g o i n g  f i b r e s  
o f  t h e  p e l v i c  n e r v e s  a s  t h e y  t r a v e l l e d  i n  t h e  s a c r a l  d o r s a l  
r o o t s  a n d  t h i s  i n v o l v e d  a t t e m p t s  t o  d e n e r v a t e  t h e  s a c r a l  
p l e x u s  f u r t h e r ,  s o  t h a t  o n l y  t h e  p e l v i c  n e r v e s  r e m a i n e d  
u n c u t .  T o  d o  t h i s ,  a l  I v i s i b l e  b r a n c h e s  o f  t h e  p l e x u s  
i n c l u d i n g  t h e  p u d e n d a l  n e r v e s  w e r e  c u t .  T h e  s a c r a l  v e n t r a l  
r o o t s  w e r e  t h e n  s t i m u l a t e d  a n d  e x t e n s i v e  d i s s e c t i o n  c a r r i e d  
o u t  t o  c u t  n e r v e s  w h e r e v e r  s k e l e t a l  m u s c l e  c o n t r a c t i o n  w a s  
s e e n .  I t  w a s  n o t  f o u n d  p o s s i b l e  t o  c a r r y  o u t  a f u l l  
d e n e r v a t i o n  o f  t h i s  k i n d  a l t h o u g h  t h e  c o m b i n e d  d o r s a l  a n d  
v e n t r a l  a p p r o a c h  t o  t h e  p e l v i c  v i s c e r a  a s  u s e d  i n  a l l  t h e  
n e r v e  r ^ c o r d i n g  e x p e r i m e n t s  a l r e a d y  d e s c r i b e d ,  p r o v i d e d  
e x c e l l e n t  a c c e s s  a n d  v i s i b i l i t y  f o r  t h i s  p u r p o s e .

D i s t e n s i o n  o f  t h e  b l a d d e r  a n d  e s p e c i a l l y  o f  t h e  
r e c t u m  w a s  a c c o m p a n i e d  b y  s u s t a i n e d  s l o w l y  a d a p t i n g  d i s ­
c h a r g e s  o f  t h e  m u s c l e  s p i n d l e  t y p e .  T h e s e  w e r e  s u b s e q u e n t l y  
i d e n t i f i e d  a s  c o m i n g  f r o m  t h e  s k e l e t a l  m u s c l e s  o f  t h e  p e l v i c  
d i s p h r a g m ,  t h e  p u b o - c a u d a I i s ,  i I i o - c a u d a I i s  a n d  i s c h i o -  
c a u d a l i s  ;  a n d  f r o m  t h e  m u s c l e s  o f  t h e  s i d e  w a l l  o f  t h e  
p e l v i s ,  o b t u r a t o r  i r r t e r n u s  a n d  p i r i f o r m i s .  T h e s e  m u s c l e s  
a r e  i n n e r v a t e d  b y  s h o r t  b r a n c h e s  a r i s i n g  f r o m  t h e  r o o t s  o f  
t h e  s a c r a l  p l e x u s  j u s t  a f t e r  t h e  r o o t s  l e a v e  t h e  a n t e r i o r  
s a c r a l  f o r a m i n a  a n d  b e f o r e  t h e y  e m e r g e  f r o m  t h e  g r e a t e r  
s c i a t i c  f o r a m e n .  T h e s e  b r a n c h e s  a r e  n o t  s h o w n  i n  t h e  
u s u a l  r e p r e s e n t a t i o n s  o f  t h e  s a c r a l  p l e x u s  ( f i g .  1 6 )  a n d  
i t  w a s  n o t  f o u n d  p o s s i b l e  t o  e l i m i n a t e  t h e m  c o m p l e t e l y .
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T h e  r e s u l t s  i n  s e c t i o n  5  c o n f i r m ,  b y  d i r e c t  e l e c t r i c a l  
r e c o r d i n g ,  t h e  a c c e p t e d  v i e w  t h a t  t h e  p u d e n d a l  n e r v e s  c a r r y  
i n g o i n g  i m p u l s e s  f r o m  t h e  a n a l  a n d  u r e t h r a l  r e g i o n s .
S e v e r a l  d i f f e r e n t  t y p e s  o f  s e n s o r y  u n i t  a r e  r e p r e s e n t e d  i n  
t h e s e  r e g i o n s  a n d  m a n y  o f  t h e s e  m u s t  p l a y  a  p a r t  i n  t h e  
a f f e r e n t  s i d e  o f  t h e  r e f l e x e s  d e s c r i b e d  i n  s e c t i o n s  3  a n d  4> 
T h e  m e t h o d  o f  e l e c t r i c a l  r e c o r d i n g  f r o m  i n d i v i d u a l  s e n s o r y  
u n i t s  i s ,  h o w e v e r ,  e s s e n t i a l l y  a s a m p l i n g  m e t h o d  b y  m e a n s  
o f  w h i c h  o n l y  a p e r c e n t a g e  o f  t h e  s e n s o r y  u n i t s  i n  a  g i v e n  
n e r v e  t r u n k  c a n  b e  s t u d i e d .  I t  i s  a l s o  a m e t h o d  w h i c h  
t e n d s  t o  e m p h a s i s e  r e c e p t o r s  w h o s e  d i s c h a r g e  i s  c o m p o s e d  
o f  a c t i o n  p o t e n t i a l s  o f  h i g h  v o l t a g e ,  s o  i t  i s  p o s s i b l e  t h a t  
s o m e  r e c e p t o r s  w i t h  l o w  v o l t a g e  d i s c h a r g e s  ma y  n o t  h a v e  b e e n  
d e t e c t e d .

T h e  s e n s e  o r g a n s  l y i n g  i n  t h e  p a r i - a n a l  s k i n  a r e  —  
p r e s u m a b l y  t h o s e  c o n c e r n e d  i n  t h e  a u g m e n t a t i v e  a n a l  r e f l e x .  
T h e s e  t o u c h  s e n s i t i v e  e n d - o r g a n s  a r e  p r e s e n t  i n  t h e  s k i n  

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

T h e  r e c e p t o r s  i n  t h e  a n a l  m u c o u s  m e m b r a n e  a r e  a m o n g  
t h o s e  s t i m u l a t e d  b y  m o v e m e n t  o f  a  b a l l o o n  o r  o f  f a e c e s  i n  
t h e  a n a l  c a n a l .  K i o v e m e n t  o f  a b a l  l o o n  i n  t h e  a n a l  c a n a l  
w a s  s h o w n  b y  G a r r y  ( 1 9 3 3 b )  t o  c a u s e  r e f l e x  c o n t r a c t i o n  o f  
t h e  s m o o t h  m u s c l e  o f  t h e  w a l l  o f  t h e  c o l o n ,  w h i l e  t h e  r e s u l t s  
o f  p a r t  3  o f  t h i s  t h e s i s  s h o w  t h a t s u c h  m o v e m e n t  c a n  a l s o
p r o d u c e  b u r s t s  o f  a c t i v i t y  i n  t h e  e x t e r n a l  a n a l  s p h i n c t e r ,
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a l t e r n a t i n g  w i t h  p e r i o d s  o f  s i l e n c e ,  b u t  n o t  a  t r u e  s u s t a i n ­
e d  i n h  i b  i t  i o n .

T h e s e  s a m e  r e c e p t o r s  i n  t h e  a n a l  m u c o u s  m e m b r a n e  w i l l  
a l s o  g i v e  r i s e  t o  c o n s c i o u s  s e n s a t i o n  w h i c h  i s  i m p o r t a n t  i n  
t h e  m a i n t e n a n c e  o f  f a e c a l  c o n t i n e n c e .  T h e  c l i n i c a l  i n v e s t i g - .  
a t  i o n s  o f  D u t h i e  & G a i r n s  ( i 9 6 0 )  c o n f i r m  t h e  f i n d i n g  o f  
H e r t z  ( 1 9 1 1 )  t h a t  a l l  n o r m a l  m o d a l  i t i e s  o f  s e n s a t i o n  a r e  
r e p r e s e n t e d ,  a p p a r e n t l y  w i t h  i n c r e a s e d  s e n s i t i v i t y ,  i n  t h e  
m u c o u s  m e m b r a n e  o f  t h e  h u m a n  a n a l  c a n a l .  T o d d  ( 1 9 5 9 )  
s t a t e d  t h a t  t h e  s e n s i t i v i t y  o f  t h e  h u m a n  a n a l  c a n a l  e n a b l e s  
a  d i s t i n c t i o n  t o  b e  m a d e  b e t w e e n  f a e c e s  a n d  f l a t u s  a n d  t h a t  
t h e  a b i l i t y  t o  m a k e  t h i s  d i s t i n c t i o n  i s  a n  i m p o r t a n t  f a c t o r  
i n  t h e  m a i n t e n a n c e  o f  f a e c a l  c o n t i n e n c e .

I t  w o u l d  s e e m  u n l i k e l y  t h a t  t h e  r e c e p t o r s  i n  t h e  
p e r i - a n a l  s k i n  a n d  m u c o u s  m e m b r a n e  c o n t r i b u t e  s i g n i f i c a n t l y  
t o  t h e  r e f l e x  r e s t i n g  t o n e  o f  t h e  e x t e r n a l  a n a l  s p h i n c t e r s .  
T h e s e  s u r f a c e  r e c e p t o r s  d o  n o t  d i s c h a r g e  s p o n t a n e o u s l y ,  b u t  
o n l y  o n  s t i m u l a t i o n ,  w h i l e  l o c a l  a n a e s t h e s i a  o f  t h e  a n a l  
c a n a l  p r o d u c e s  n o  r e c o r d a b l e  c h a n g e  i n  t h e  l e v e l  o f  t h e  
r e s t i n g  d i s c h a r g e  t o  t h e  e x t e r n a l  a n a l  s p h i n c t e r .  On t h e  
o t h e r  h a n d ,  t h e  a p p l i c a t i o n  o f  s o a p t o  t h e  a n a l  m u c o u s  
m e m b r a n e  p r o d u c e s  i r r i t a t i o n  w h i c h  i s  a s s o c i a t e d  w i t h  a 
p r o l o n g e d  a n d  s i g n i f i c a n t  a u g m e n t a t i o n  o f  t h e  d i s c h a r g e .
T h u s ,  a l t h o u g h  s u r f a c e  a f f e r e n t s  f r o m  t h e  a n a l  r e g i o n  c a n  
r e f l e x l y  a l t e r  t h e  d i s c h a r g e ,  t h e y  do n o t  n o r  mal  l y  c o n t r i b ­

u t e  t o  t h e  r e s t i n g  t o n e .

T h e  s e n s o r y  i n n e r v a t i o n  o f  t h e  e x t e r n a l  a n a l  
s p h i n c t e r  h a s  b e e n  f o u n d  i n  t h i s  w o r k  t o  c o n f o r m  t o  t h e  
b a s i c  p a t t e r n  o f  t h e  s e n s o r y  i n n e r v a t i o n  o f  s k e l e t a l  m u s c l e  
a s  d e s c r i b e d  b y  k a t t h e w s  ( 1 9 3 3 ) .  He  c l a s s i f i e d  t h e  s e n s o r y
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u n i t s  w h i c h  h e  f o u n d  i n  t h e  c a t  s o l e u s  i n t o  f o u r  g r o u p s ,
A T ,  A 2 ,  B ,  a n d  C .  T h e  s j o w l y  a d a p t i n g  s t r e t c h  r e c e p t o r s  
p r e s e n t  i n  t h e  e x t e r n a l  a n a l  s p h i n c t e r  w e r e  f o u n d  t o  b e l o n g  
t o  t h e  A g r o u p  a l t h o u g h  t h e  d i s t i n c t i o n  i n t o A I „  a n d  A2 o n  
t h e  b a s i s  o f  t h e i r  r e s p o n s e  t o  m o t o r  n e r v e  s t i m u l a t i o n  w a s  
n o t  s o  c l e a r  c u t  a s  M a t t h e w s '  d e s c r i p t i o n  s u g g e s t s .  T h i s  
a g r e e s  w i t h  t h e  f i n d i n g  o f  H a r v e y  &  M a t t h e w s  ( 1 ^ 6 1 ) ,  w h o  
s t a t e  t h a t  t h e  d i v i s i o n  o f  t h e  e n d i n g s  i n  s o l e u s  i n t o A l , ,  a n d  
A 2  o n  t h e  b a s i s  o f  t h e i r  r e s p o n s e  t o  m o t o r  n e r v e  s t i m u l a t i  o n  
i s  n o t  v a l i d .  I t  c a n  h o w e v e r ,  b e  s a i d  w i t h  c o n f i d e n c e ,  
t h a t  a n y  d i s c h a r g e  w h i c h  s h o w s  a p a u s e  o n  m o t o r  n e r v e  
s t i m u l a t i o n  m u s t  a r i s e  i n  a s t r e t c h  r e c e p t o r  l y i n g  i n  
p a r a l l e l  w i t h  t h e  e x t r a - f u s a l  m u s c l e  f i b r e s ,  t h a t  i s  t o  s a y ,  
i n  a  m u s c l e  s p i n d l e .

I n  s e c t i o n  3 i t  w a s  s h o w B  t h a t  t h e  e x t e r n a l  a n a l  
s p h i n c t e r  s h o w s  a c o n t i n u o u s  r e s t i n g  m o t o r  d i s c h a r g e  w h i c h  
p e r s i s t s  a f t e r  s e c t i o n  o f  t h e  p e l v i c  n e r v e s  a n d  a f t e r  d e ~  
s t r u c t i o n  o f  t h e  l u m b a r  s y m p a t h e t i c  o u t f l o w .  T h e  t o n e  i s  
u n a f f e c t e d  b y  l o c a l  a n a e s t h e s i a  o f  t h e  a n a l  m u c o u s  m e m b r a n e ,  
b u t  i s ,  h o w e v e r ,  r e f l e x  i n  o r i g i n  s i n c e  i t  i s  a b o l i s h e d  b y  
s a c r a l  d o r s a l  r o o t  s e c t i o n .  T h e  f a c t  t h a t  a p r o p o r t i o n  o f  
t h e  a n a l  s p h i n c t e r  s t r e t c h  r e c e p t o r s  s h o w  a ' r e s t i n g '  t o n i c  
d i s c h a r g e  w i t h  t h e  a n a l  c a n a l  e m p t y ,  s u g g e s t s  t h a t  t h e s e  
r e c e p t o r s  a r e  a t  l e a s t  i n  p e r t  r e s p o n s i b l e  f o r  t h e  a f f e r e n t  
s t i m u l a t i o n  f o r  t h e  t o n e  o f  t h e  e x t e r n a l  a n a l  s p h i n c t e r .
I t  i s  p o s s i b l e ,  h o w e v e r ,  t h a t  t h e  r e s t i n g  s e n s o r y  d i s c h a r g e  
m a y  b e  a n  a r t e f a c t ,  p r o d u c e d  b y  t h e  a l t e r a t i o n  i n  s k i n  
t e n s i o n  w h i c h  r e s u l t s  f r o m  s t i t c h i n g  t h e  s k i n  t o  a b r a s s  
r i n g  a f t e r  r e m o v i n g  t h e  t a i l .  On t h e  o t h e r  h a n d ,  t h e  m u s c l e  
d o e s  n o t  a p p e a r  i n  t h e s e  c i r c u m s t a n c e s  t o  b e  u n d e r  i n c r e a s e d  

t e n s i o n  a n d  i n  t h e  i n t a c t  a n i m a l  t h e  s u p e r f i c i a l  p a r t  o f  t h e
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s p h i n c t e r  i s  s u s p e n d e d  f r o m  t h e  c a u d a l  v e r t e b r a e  a n d  s e e m s  
t o  h e l p  i n  s u p p o r t i n g  t h e  w e i g h t  o f  t h e  m o r e  d i s t a l l y  s i t ­
u a t e d  o f  t h e  p e l v i c  v i s c e r a .  M a t t h e w s  f o u n d  t h a t  3 0 % o f  
t h e  A e n d i n g s  i n  t h e  s o l e u s  m u s c l e  s h o w e d  a  s p o n t a n e o u s  
d i s c h a r g e  w h e n  t h e  m u s c l e  w a s  d e t a c h e d  f r o m  i t s  i n s e r t i o n  
a n d  h e n c e  w a s  u n d e r  n o  t e n s i o n .

I t  w a s  f o u n d  i n  t h e  p r e s e n t  e n q u i r y  t h a t  a n  i n c r e a s e  
i n  i n t r a - a b d o m i n a l  p r e s s u r e ,  a c t i v e l y  o r  p a s s i v e l y  p r o d u c e d  
i n c r e a s e s  t h e  s e n s o r y  d i s c h a r g e  f r o m  t h e  s p h i n c t e r ,  w h e r e a s  
i n  t h e  d e c e r e b r a t e  c a t  a s i m i l a r  i n c r e a s e  i n  t h e  i n t r a ­
a b d o m i n a l  p r e s s u r e  i n c r e a s e s  t h e  m o t o r  d i s c h a r g e .  I t  i s  
l i n d e r  c o n d i t i o n s  o f  i n c r e a s e d  i n t r a - a b d o m  i n a  I p r e s s u r e  t h a t  
a c c i d e n t a l  e s c a p e  o f  f a e c e s  i s  m o s t  l i k e l y  t o  o c c u r .  T h e  
a n a l  s p h i n c t e r  i n  t h e s e  c i r c u m s t a n c e s ,  t h e r e f o r e ,  p l a y s  a  
r o l e  c o m p a r a b l e  t o  t h a t  p l a y e d  b y  t h e  e x t e r n a l  u r e t h r a l  
s p h i n c t e r  i n  p r e v e n t i n g  s t r e s s  i n c o n t i n e n c e  o f  u r i n e .  I t  
s e e m s  t h e n ,  t h a t  t h e  e x t e r n a l  a n a l  s p h i n c t e r  s h o w s  a s t r e t c h  
r e f l e x  s i m i l a r  t o  t h a t  s h o w n  b y  l i m b  m u s c l e s ,  i n  t h a t  
i n c r e a s e  i n  t h e  p a s s i v e  t e n s i o n  o f  t h e  m u s c l e  i n c r e a s e s  t h e  
s e n s o r y  d i s c h a r g e  f r o m  t h e  m u s c l e  s p i n d l e s  l y i n g  i n  i t  a n d  
t h i s  r e f  I e x l  y  i n c r e a s e s  t h e  d i s c h a r g e  t o  t h e  e x t r a - f u s a l  
f i b r e s  o f  t h e  m u s c l e .  T h e  s t r e t c h  r e f l e x  w h i c h  i s  t h e  b a s i s  
o f  t o n e  i n  I i m b  m u s c l e s ,  d e p e n d s  o n  t h e  d e v e l  o p m e n t  o f  
p a s s i v e  t e n s i o n  i n  t h e  m u s c l e  a n d  t h i s  u s u a l l y  i n v o l v e s  b o t h  
e n d s  o f  t h e  m u s c l e  b e i n g  a t t a c h e d  t o  b o n e .  T h e  d e e p  p a r t  

o f  t h e  e x t e r n a l  a n a l  s p h i n c t e r  h a s  n o  s u c h  a t t a c h m e n t s  
s i n c e  i t  f o r m s  a t h i c k  c o l l a r  r o u n d  t h e  a n a l  c a n a l  b u t  
i n c r e a s e  i n  i n t r a - a b d o m i n a l  p r e s s u r e  w i l l  t e n d  t o  o p e n  t h e  
a n a l  r i n g  a n d  s o  i n c r e a s e  t h e  p a s s i v e  t e n s i o n  i n  t h e  m u s c l e .  
T h e  s t r e t c h  w h i c h  p r o v i d e s  t h e  s t i m u l u s  f o r  t h e  r e s t i n g  t o n e
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o f  t h e  s p h i n c t e r ,  i s  p r o d i c  e d  b y  t h e  n o r m a l  i n t r a - a b d o m i n a l  
p r e s s u r e  r e s u l t i n g  f r o m  t h e  a b d o m i n a l  w a l  I m u s c l e s  c o n t r a c t ­
i n g  a g a i n s t  t h e  w e i g h t  o f  t h e  a b d o m i n a l  v i s c e r a .

T h e  m u s c l e  s p i n d l e s  i n  t h e  e x t e r n a l  s p h i n c t e r  m a y  
h a v e  a n o t h e r  f u n c t i o n .  M a t t i  ( 1 9 0 9 )  f o u n d  t h a t  e v e n  a 

v e r y  i m p e r f e c t  r e p o i r  o f  a r u p t u r e d  e x t e r n a l  a n a l  s p h i n c t e r ,  
c u r e d  i n c o n t i n e n c e  o f  f a e c e s  i n  man and t h i s  c u r e  w a s  n o t  
e x p l i c a b l e  o n  t h e  b a s i s  o f  t h e  m e c h a n i c a l  e f f e c t  o f  t h e  
r e p a i r e d  e x t e r n a l  s p h i n c t e r .  He  c o n c l u d e d  t h a t  t h e  p r e s ­
e n c e  o f  e v e n  a f e w  f i b r e s  b r i d g i n g  t h e  g a p  i n  t h e  e x t e r n a l  
s p h i n c t e r  a l l o w s  t e n s i o n  t o  b e  d e v e l o p e d  i n  t h i s  m u s c l e  
w h i c h  r e f l e x l y  s t i m u l a t e s  t h e  i n t e r n a l  s p h i n c t e r  t o  c o n t r a c t .  
G a r r y  ( 1 9 3 3  0 )  p r o d u c e d  s u p p o r t i n g  e v i d e n c e  f o r  t h i s  h y p o ­
t h e s i s  f r o m  e x p e r i m e n t a l  w o r k  o n  c a t s .  T h u s  t h e  a f f e r e n t  
d i s c h a r g e  f r o m  t h e  e x t e r n a l  s p h i n c t e r  d e p e n d i n g  o n  t h e  
i n t e g r i t y  o f  t h e  s k e l e t a l  m u s c l e  r i n g  n o t  o n l y  m a i n t a i n s  t h e  
t o n e  o f  t h e  e x t e r n a l  a n a l  s p h i n c t e r  b u t  t h a t  o f  t h e  i n t e r n a l  
s p h i n c t e r  a l s o .  T h i s  s e n s o r y  d i s c h a r g e  i s  t h e r e f o r e  o f  
c o n s i d e r a b l e  i m p o d t a n c e  i n  t h e  m a i n t e n a n c e  o f  f a e c a l  c o n -  

t  i n e n c e .

No  d i s c h a r g e s  c o r r e s p o n d i n g  t o  t h e  B g r o u p  o f  
M a t t h e w s  w e r e  f o u n d .  T h e s e  a r e  t h o u g h t  t o  o r i g i n a t e  i n  t h e  
Go I g i  t e n d o n  o r g a n s  a n d  t o  b e  r e s p o n s i b l e  f o r  t h e  a u t o g e n i c  
i n h i b i t i o n  w h i c h  o c c u r s  i n  t h e  c l a s p  k n i f e  r e a c t i o n  o f  l i m b  
m u s c u l a t u r e .  No  s i g n  o f  t e n d o n  c a n  b e  s e e n  i n  t h e  e x t e r n a l  
s p h i n c t e r  e i t h e r  w i t h  t h e  n a k e d  e y e  o r  h i s t o l o g i c a l l y  a n d  
n o  t e n d o n  o r g a n s  w e r e  f o u n d  w h e n  t h e  m u s c l e  w a s  e x a m i n e d  
b y  n e r v e  s t a i n i n g  t e c h n i q u e s .  T h e  a n a l  s p h i n c t e r  d o e s  n o t  

s h o w  a  c l a s p - k n i f e  r e a c t i o n .

R a p i d l y  a d a p t i n g  d i s c h a r g e s  a r i s i n g  f r o m  r e c e p t o r s
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i n  a n d  a r o u n d  t h e  s p h i n c t e r  w e r e  f o u n d  o n  d i s t e n d i n g  t h e  
a n a l  c a n a l  . T h e s e  c o r r e s p o n d  t o  t h e  C d i  s c h a r g e s  o f  
M a t t h e w s  a n d  w e r e  q u i t e  r a r e  i n  t h e  s o l e u s ,  w h e r e a s  i n  t h e  
e x t e r n a l  s p h i n c t e r  t h e y  w e r e  e a s i  l y  f o u n d .  T h i s  m a y  b e  
b e c a u s e  t h e  s p h i n c t e r  i s  s u r r o u n d e d  b y  t h e  f a t  o f  t h e  
i s c h i o - r e c t a I  f o s s a  w h i c h  c a n  b e  s h o w n  h i s t o l o g i c a l l y  t o  
c o n t a i n  l a m e  M a t e d  r e c e p t o r s  o f  t h e  P a c  i n  i a n  c o r p u s c l e  t y p e .

On m o d e r a t e  d i s t e n s i o n  o f  t h e  u r e t h r a  a f t e r  i t  h a d  
b e e n  c o m p l e t e l y  c l e a r e d  o f  s u r r o u n d i n g  t i s s u e ,  n o  s u s t a i n e d  
d i s c h a r g e s  w e r e  f o u n d  a l t h o u g h  s u c h  d i s c h a r g e s  w e r e  l o o k e d  
f o r  i n  a l l  t h i r t y  t h r e e  c a t s  e x a m i n e d .  T h i s  f i n d i n g  
a g r e e s  w i t h  T a l a a t  ( 1 9 3 7 )  w h o  r e c o r d e d  f r o m  w h o l e  n e r v e s  
a n d  w h o  f o u n d  n o  s u s t a i n e d  d i s c h a r g e s  f r o m  e i t h e r  t h e  
p u d e n d a l  o r  p e l v i c  n e r v e s  w i t h  p r e s s u r e s  u p  t o  1 0 0  c m 1 ^ 0 ,  
a l t h o u g h  h e  d i d  f i n d  a f e w  s u s t a i n e d  d i s c h a r g e s  f r o m  t h e  
h y p o g a s t r i c  n e r v e s  a t  p r e s s u r e s  o v e r  1 0 0  c m H ^ O ,  T h e  o n l y  
d i s c h a r g e s  r e c o r d e d  o n  m o d e r a t e  d i s t e n s i o n  o f  t h e  u r e t h r a  
i n  t h e  p r e s e n t  e n q u i r y  w e r e  r a p i d l y  a d a p t i n g  i n  n a t u r e .
T h e s e  w e r e  s i m i l a r  i n  t h e i r  b e h a v i o u r  t o  t h e  r a p i d l y  a d a p t ­
i n g  d i s c h a r g e s  r e c o r d e d  f r o m  t h e  a n a l  r e g i o n  a n d  o n l y  a f e w  
o f  t h e s e  r e s p o n d e d  d u r i n g  s t e a d y  f l o w  a l o n g  t h e  u r e t h r a ,  
a l t h o u g h  m o s t  r e s p o n d e d  t o  t h e  s t a r t i n g  o r  s t o p p i n g  o f  
f l o w ,  o r  t o  a  s u d d e n  c h a n g e  i n  t h e  r a t e  o f  f l o w .  T h e s e  
r e c e p t o r s  may  p l a y  s om e  p a r t  i n  t h e  g u a r d i n g  r e f l e x  w h i c h  
h e t p s  t o  m a i n t a i n  c o n t i n e n c e  a l t h o u g h  i t  i s  u n l i k e l y  t h a t  
a  s i g n i f i c a n t  d e g r e e  o f  u r e t h r a l  d i s t e n s i o n  i s  e v e r  p r o d u c e d  

n o r m a l l y .

T h e  n o r m a l  s t i m u l u s  t o  t h e  u r e t h r a  i s  t h e  f l o w  o f  
u r i n e .  T h i s  i s  t h e  s t i m u l u s  f o r  t h r e e  o f  B a r r i n g t o n ' s  
r e f l e x e s  a n d  i t  g i v e s  r i s e  t o  c o n s c i o u s  s e n s a t i o n  i n  man  
( N a t h a n  1 9 5 6 ) .  T a l a a t  ( 1 9 3 7 )  r e p o r t e d  t h a t  t h e  f l o w  o f



177

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

t o  f l o w ,  a p a r t  f r o m  a  s i n g l e  o b s e r v a t i o n  m a d e  i n  p a s s i n g  b y  
I g g o  ( 1 9 5 6 ) ,  t h e  d e t a i  I s  o f  w h i c h  I h a v e  s i n c e  v e r i f i e d  b y  

p e r s o n a l  c o m m u n i c a t i o n .  He  f o u n d  a  s i n g l e  r e c e p t o r  i n  
t h e  p r o x i m a l  u r e t h r a  w i t h  i t s  a x o n  p a s s i n g  i n w a r d  b y  t h e  
p e l v i c  n e r v e ,  w h i c h  d i s c h a r g e d  a t  f r e q u e n c i e s  o f  u p  t o  3 0 0  
i m p u l s e s  p e r  s e c o n d  w h e n  f l u i d  w a s  m a d e  t o  f l o w  a l o n g  t h e  
p r o x i m a l  u r e t h r a  i n t o  t h e  b l a d d e r .

T h e  d e m o n s t r a t i o n  b y  e l e c t r i c a l  r e c o r d i n g ,  i n  t h e  
p r e s e n t  e n q u i r y ,  o f  r e c e p t o r s  w h i c h  d i s c h a r g e  w h e n  f l u i d  
f l o w s  a l o n g  t h e  u r e t h r a ,  i s  c o m p l e m e n t a r y  t o  t h e  f i n d i n g s  
i n  p a r t  4  o f  t h i s  t h e s i s ,  w h e r e  i t  w a s  s h o w n  t h a t  f l o w  
a l o n g  t h e  u r e t h r a  c a u s e s  c o n t r a c t i o n  o f  t h e  e x t e r n a l  
u r e t h r a l  s p h i n c t e r .  I t  w a s  a l s o  s h o w n  i n  p o r t  4  t h a t  i f  
t h e  b l a d d e r  c o n t a i n s  e n o u g h  f l u i d ,  t h i s  f l o w  c a u s e s  i t  t o  
c o n t r a c t .  I t  s e e m s  a r e a s o n a b l e  a s s u m p t i o n  t h a t  t h e  f l o w  
r e c e p t o r s  r e p r e s e n t  t h e  b e g i n n i n g  o f  t h e  i n g o i n g  s i d e  o f  
t h e s e  t w o  r e f l e x e s .  T h e  f l o w  r e c e p t o r s ,  h o w e v e r ,  d o  n o t  
d i s c h a r g e  s p o n t a n e o u s l y ,  a n d  s o  c a n n o t  b e  r e s p o n s i b l e  f o r  
t h e  t o n i c  m o t o r  d i s c h a r g e  t o  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r .

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



178

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

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

d e f o r m a t i o n .  S u c h  a c o n d i t i o n  c o u l d  r e s u l t  f r o m  t h e  
p r e s e n c e  o f  t u r b u l e n c e  i n  t h e  f l o w  o f  f l u i d  a l o n g  t h e  u r e t h r a  i 
I f  t h e  f l o w  a l o n g  t h e  u r e t h r a  i s  l a m i n a r * ,  t h e  m e c h a n i c a l  
d e f o r m a t i o n  p r o d u c e d  w i l l  b e  c o n s t a n t  a n d  w i l l  c o n s i s t  o f  
a s h e a r i n g  f o r c e  p a r a l l e l  t o  t h e  m u c o e a l  s u r f a c e .  I t  i s  
d i f f i c u l t  t o  s e e  ho w  a s t i m u l u s  o f  t h i s  s o r t  c o u l d  g i v e  r i s e  
t o  t h e  t o t a l  l y  i r r e g u l a r  d i s c h a r g e  p a t t e r n  r e c o r d e d  f r o m  
t h e  f l o w  r e c e p t o r s .  n t  h i g h e r  v e l o c i t i e s ,  h o w e v e r ,  l a m i n a r  
f l o w  b r e a k s  d o w n  i n t o  t u r b u l e n t  f l o w .  I f  f l o w  i n  t h e  
u r e t h r a  i s  t u r b u l e n t  t h e  e f f e c t  p r o d u c e d  w i l l  b e  t h a t  o f  
a n  i r r e g u l a r  c o a r s e  v i b r a t i o n  p r o d u c i n g  a c o n s t a n t l y  c h a n g i n g  
m e c h a n i c a l  s t i m u l u s  a n d  i t  i s  p r o b a b l y  t h a t  t u r b u l e n c e  i n  
t h e  f l o w  o f  u r i n e  r e p r e s e n t s  t h e  n o r m a l  mode o f  s t i m u l a t i o n  

o f  t h e  f l o w  r e c e p t o r s .

*  The term  lam ina r f lo w  is  a p p lie d  to a f lo w  p a tte rn  in  which the 
f l u i d  may he d iv id e d  in to  p a r a l le l  la y e rs  which f lo w  p a s t one ano ther 
w ith  d i f f e r e n t  v e lo c it ie s , As a r e s u lt  o f  in te rn a l f r i c t i o n  ( v is c o s i ty )  
the more /ra p id ly  moving la y e r  tends to drag the ne ighbouring  la y e r  a long  
w ith  i t  and thus a cce le ra tes  i t  and s im i la r ly  the slow la y e r  tends to 
re ta rd  the fa s te r , The v e lo c ity  p r o f i le  is  thus p a ra b o lic , the 
in d iv id u a l p a r t ic le s  o f  the f l u i d  fo l lo w  p a ra l le l r e c t i l in e a r  paths and 
the va lues o f  v e lo c ity  and pressure a t a g iven  p o in t  are constan t in  
tim e, I n  la m in a r f lo w  the v e lo c ity  o f  e f f lu x  is  p ro p o rt io n a l to the  
pressure  d iffe re n c e  (P o s e u il le 1s la w ). A t  h igher v e lo c ity ,  however, 
la m in a r f}o w  breaks down in to  another s ta te  termed tu rbu lence . I n  th is  
c o n d it io n  the v e lo c ity  o f  e f f lu x  is  no lo n g e r p ro p o r t io n a l to the 
pressure  d iffe re n c e , the value o f  v e lo c ity  and pressure a t  a g iven  p o in t  
are no lo n g e r constan t in  time but o s c i l la te  about mean values and the 
paths o f  in d iv id u a l p a r t ic le s  are no lo nge r r e c t i l in e a r  bu t are  random 
le a d in g  to co n tin u a l in te rm ix in g .



I t  i s  o f  i n t e r e s t  i n  t h i s  c o n n e c t i o n  t h a t  H u n t  ( 1 9 6 1 )  h a s  
r e p o r t e d  t h a t  P a c i n i a n  c o r p u s c l e s  i n  t h e  p e r i o s t e u m  o f  t h e  
t i b i a  i n  t h e  c a t ,  a r e  s e n s i t i v e  t o  r a p i d  m e c h a i i c a l  s t i m u l ­
a t i o n  i n  t h e  f o r m  o f  a  s i n u s o i d a l  v i b r a t i o n  o v e r  a  r a n g e  o f
f r e q u e n c i e s  f r o m  9 0  t o  6 0 0  v i b r a t i o n s  p e r  s e c o n d .  T h e s e  
P a c i n i a n  c o r p u s c l e s  a r e  I a r g e r  t h a n  t h e  ' c u c u m b e r  s h a p e d '  
e n d i n g s  d e s c r i b e d  l a t e r  b u t  h o v e  a  s i m i l a r  l a m e l l a t e d  
s t r u c t u r e .

T h e  r e l a t i o n s h i p  o f  t h e  v a r i o u s  f a c t o r s  c o n c e r n e d  
i n  t h e  o n s e t  o f  t u r b u  l e n c e  i s  c o m p l e x  e v e n  u n d e r  s t a n d a r d ­
i s e d  l a b o r a t o r y  c o n d i t i o n s .  B a s i c a l  l y  t h e  o n s e t  o f  t u r ­
b u l e n c e  i s  d e t e r m i n e d  b y  t h e  v a l u e  o f  a d i m e n s i o n  I e s s  
q u a n t i t y  c a l l e d  t h e  R e y n o l d s  N u m b e r  ( R e ) ,  w h i c h  c a n  b e  
c a l c u l a t e d  f o r  s i m p l e  c o n d i t i o n s  w i t h  r i g i d  w a l l e d  t u b i n g  
o f  u n i f o r m  b o r e .  I t  i s  n o t  p o s s i b l e  t o  p r e d i  c t  o n  

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

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

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

t h e  i m p u l s e  p a s s i n g  c e n t r a l  l y  b y  t h e  s y m p a t h e t i c  p a t h w a y s .  
B o t h  G o l i g h e r  a n d  H u g h e s  ( 1 9 5 1 )  a n d  N a t h a n  ( 1 9 5 6 )  r e p o r t  
t h a t  s u c h  p a t i e n t s  o f t e n  d e v e l o p  a s p u r i o u s  f o r m  o f  r e c t a l  
o r  v e s i c a l  s e n s a t i o n ,  w h i c h  b o t h  g r o u p s  o f  w o r k e r s  s u g g e s t  
m a y  o r i g i n a t e  i n  n e i g h b o u r i n g  p e l v i c  s t r u c t u r e s .  T h e  
p a t i e n t  c a n  l e a r n  t o  i n t e r p r e t  a n d  m a k e  u s e  o f  t h i s  s e n s a t i o n  
a l t h o u g h  i t  d o e s  n o t  c o n t r i b u t e  t o  t h e  r e f l e x  m a i n t e n a n c e  o f  
c o n t i n e n c e  o r  o f  e v a c u a t i o n .  T h e  r e s u l t s  o f  t h e  p r e s e n t  
i n v e s t i g a t i o n  i n d i c a t e  t h a t  d i s t e n s i o n  o f  t h e  b l a d d e r  o r  
r e c t u m  c a n  g i v e  r i s e  t o  i m p u l s e s  w h i c h  h a v e  t h e i r  o r i g i n  
o u t s i d e  t h e s e  o r g a n s .  T h e s e  i m p u l s e s  may  w e l  I c o n t r i b u t e  
t o  t h e  s e n s a t i o n  w h i c h  G o l i g h e r  &  H u g h e s  a n d  N a t h a n  h a v e  
o b s e r v e d  i n  t h e i r  p a t i e n t s .
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E .  SUMMARY

U s i n g  a  ' s i n g l e  f i b r e '  r e c o r d i n g  t e c h n i q u e ,  a f f e r e n t  
d i s c h a r g e s  f r o m  s i n g l e  s e n s o r y  u n i t s  i n  t h e  a n a l  a n d  u r e t h r a l  
r e g i o n s  o f  t h e  a n a e s t h e t i s e d  c a t  h a v e  b e e n  r e c o r d e d  f r o m  t h e  
s a c r a l  d o r s a l  r o o t s .

S u r f a c e  r e c e p t o r s  f r o m  t h e  p e r i - a n a l  s k i n  a n d  t h e  
a n a l  m u c o u s  m e m b r a n e  g i v e  r i s e  t o  t h e  m a j o r i t y  o f  t h e  
r e s p o n s e s  f r o m  t h e  a n a l  r e g i o n .  T h e s e  a r e  s e n s i t i v e  t o  
l i g h t  t o u c h  a n d  i n  t h e  c a s e  o f  t h o s e  i n  t h e  p e r i - a n a l  s k i n  
t o  m o v e m e n t  o f  h a i  r s ,  T w o  t y p e s  o f  r e s p o n s e  a r e  s e e n  o n  
d i s t e n d i n g  t h e  a n a l  c a n a l  w i t h  a b a l l o o n  , a r q ^  i d l y  
a d a p t i n g  r e s p o n s e  a n d  a s I o w I y  a d a p t i n g  r e s p o n s e .  T h e  
r a p i d l y  a d a p t i n g  r e s p o n s e  c o n s i s t s  o f  a b r i e f  b u r s t  o f  
i m p u l s e s  d u r i n g  i n f l a t i o n  o r  d e f l a t i o n  o f  t h e  b a l l o o n ,  b u t  
n o  d i s c h a r g e  d u r i n g  s u s t a i n e d  d i s t e n s i o n  o f  t h e  a n a l  c a n a l .  
T h i s  t y p e  o f  r e s p o n s e  c o m e s  f r o m  e n d i n g s  i n  a n d  a r o u n d  t h e  
e x t e r n a l  s p h i n c t e r  a n d  i n  t h e  i s c h  i o - r e c t  a I f a t .  T h e  
s l o w l y - a d a p t i n g  ( s t r e t c h  r e c e p t o r )  r e s p o n s e  c o n s i s t s  o f  a 
s u s t a i n e d  r e g u l a r  d i s c h a r g e  w h i c h  p e r s i s t s  w h i l e  d i s t e n s i o n  
i s  m a i n t a i n e d  w i t h  e x a g g e r a t e d  c h a n g e s  i n  f r e q u e n c y  d u r i n g  
i n f l a t i o n  a n d  d e f l a t i o n .  T h e  s t e a d y  a d a p t e d  f r e q u e n c y  
v a r i e s  w i t h  t h e  d i s t e n d i n g  p r e s s u r e ,  w h i l e  t h e  p e a k  f r e q u e n c y  
i s  a f u n c t i o n  o f  t h e  r a t e  o f  a p p l i c a t i o n  o f  t h e  p r e s s u r e .  
R e s p o n s e s  o f  t h i s  s o r t  o r i g i n a t e  i n  s e n s e  o r g a n s  l y i n g ’ i n  t h e  
s u b s t a n c e  o f  t h e  e x t e r n a l  a n a l  s p h i n c t e r .  M a n y  o f  t h e s e  
r e c e p t o r s  h a v e  a  r e s t i n g  d i s c h a r g e  i n  t h e  a b s e n c e  o f  

d  i s t e n s  i o n .

D i s t e n s i o n  o f  t h e  u r e t h r a  i n  e i t h e r  s e x  p r o d u c e s  o n l y  
r a p i d l y  a d a p t i n g  r e s p o n s e s .  I n  a d d i t i o n  r e c e p t o r s  a r e  
p r e s e n t  w h i c h  r e s p o n d  t o  t h e  f l o w  o f  f l u i d  a l o n g  t h e  u r e t h r a
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f r o m  a  s t e a d y  p r e s s u r e  h e a d .  T h e  ' f l o w  r e c e p t o r '  d i s c h a r g e  
c o n s i s t s  o f  a  s u s t a i n e d  b u t  b a s i c a l  l y  i r r e g u l a r  t r a i n  o f  
i m p u l s e s  w h i c h  c o r r e s p o n d s  c l o s e l y  t o  t h e  p e r i o d  o f  f l o w .
T h e  a v e r a g e  d i s c h a r g e  f r e q u e n c y  v a r i e s  w i t h  t h e  r a t e  o f  
f l o w .  T h e  h i g h e s t  d i s c h a r g e  f r e q u e n c i e s  a r e  p r o d u c e d  b y  
b l o w i n g  a i r  a l o n g  t h e  u r e t h r a .  T h e s e  r e c e p t o r s  r e s p o n d  
t o  d i s t e n s i o n  o f  t h e  u r e t h r a ,  a s  r a p i d l y  a d a p t i n g  d i s c h a r g e s  
o f  s m a l l  s p i k e  h e i g h t .  T h e  e n d i n g s  r e s p o n s i b l e  l i e  i n  t h e  
u r e t h r a l  wa l  I .

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

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

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

u r e t h r a .
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A .  f l l S T Q L Q Q I C A L  METHODS

T h e  h i s t o l o g i c a l  t e c h n i q u e s  u s e d  i n  t h e  n e r v e  f i b r e  
a n a l y s i s  h a v e  a l r e a d y  b e e n  d e s c r i b e d  i n  s e c t i o n  I .  T o  
s t u d y  t h e  m o r p h o l o g y  o f  t h e  s e n s o r y  n e r v e  e n d i n g s  i n  t h e  
a n a l  a n d  u r e t h r a l  r e g i o n s  s e v e r a l  o t h e r  t e c h n i q u e s  were u s e d .  
P a r a f f i n  s e c t i o n s ,  i n  s o m e  c a s e s  s e r i a l  s e c t i o n s ,  w e r e  
p r e p a r e d  b y  c o n v e n t i o n a l  m e t h o d s  b y  t h e  t e c h n i c a l  s t a f f  a n d  
t h e  s e c t i o n s  w e r e  s t a i n e d  w i t h  h a e m a l  uni  a n d  e o s i n  a n d  b y  t h e  
M a s s o n  m e t h o d .  T h e s e  m e t h o d s  a r e  s u i t a b l e  f o r  d e m o n s t r a t i n g  
t h e  g e n e r a l  m o r p h o l o g y  o f  t h e  r e g i o n  a n d  t h e  d i s t r i b u t i o n  
o f  t h e  s e n s e  o r g a n s ,  b u t  a r e  n o t  s u i t e d  t o  a d c t a i  l e d  s t u d y  

o f  t h e  s t r u c t u r e  o f  t h e  e n d  o r g a n s .  F o r  t h i s  p u r p o s e  a 
c o m b i n a t i o n  o f  t h e  c o n v e n t i o n a l  m e t h o d s  a n d  t h e  m e t a l l i c  
i m p r e g n a t i o n  t e c h n i q u e s ,  d e s i g n e d  t o  b e  s p e c i f i c  f o r  n e r v o u s  
s t r u c t u r e s ,  w a s  u s e d .  T w o  m e t a l  l i e  i m p r e g n a t i o n  t e c h n i q u e s  
w e r e  u s e d  : -  T h e  B i e I s c h o w s k y - G r o s  s i l v e r  d i a m i n e  i o n  m e t h o d  
a n d  t h e  g o l d  c h l o r i d e  m e t h o d  o f  B a i r n s .  I n  t h e  f i r s t  o f  
t h e s e  m e t h o d s  t h e  p i e c e s  o f  t i s s u e  a r e  f i x e d  i n  12% n e u t r a l  
f o r m a l i n  f o r  s o m e  d a y s ,  f o l l o w i n g  w h i c h  t h i c k  s e c t i o n s ,
15  p  t o  2 0  p ,  a r e  c u t  w i t h  t h e  f r e e z i n g  m i c r o t o m e  a n d  i m ­
p r e g n a t e d  b y  t h e  s i  I v e r  d i a m i n e  i o n  m e t h o d .  T h e  d e t a i l s  
o f  t h i s  m e t h o d  a r e  d e s c r i b e d  b y  G a r v e n  &  Ga i  r n s  ( I 9 5 2 ) •

T h e  m o d i f i e d  g o l d  c h l o r i d e  m e t h o d  o f  Ga i  r n s  ( l  9 3 0 ) ,  
w a s  f o u n d  t o  b e  t h e  m o s t  g e n e r a l l y  u s e f u l  m e t h o d .  I t  h a s  
t h e  a d v a n t a g e  o f  n o t  r e q u i r i n g  a n y  s p e c i a l  e q u i p m e n t  a n d  
s o  c a n  b e  c a r r i e d  t h r o u g h  v e r y  c o n v e n i e n t l y  b y  a n  e x p e r i m e n t ­
a l  w o r k e r  a l o n g  w i t h  t h e  e x p e r i m e n t a l  w o r k .  F o r  t h i s  r e a s o n  
t h e  t e c h n i q u e  i s  d e s c r i b e d  i n  s o m e  d e t a i  I .

I .  S m a l l  p i e c e s  o f  s p h i n c t e r  m u s c l e  o r  o f  m u c o u s  
m e m b r a n e  w e r e  d i s s e c t e d  f r o m  t h e  r e c e n t l y  k i l l e d  c a t  a n d
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c l e a r e d  o f  f a t  o r  a n y  o t h e r  t i s s u e .  T h e s e  w e r e  p l a c e d  i n  
a m i x t u r e  o f  o n e  p a r t  f o r m i c  a c i d  a n d  t h r e e  p a r t s  f r e s h l y  
f i l t e r e d  l e m o n  j u i c e ,  a n d  l e f t  i n  d a r k n e s s  f o r  t e n  m i n u t e s .

2 .  T h e  p i e c e s  o f  t i s s u e  w e r e  r e m o v e d  a n d  d r i e d  b e t w e e n  t h e  
f o l d s  o f  a  c l e a n  t o w e l ,  t r a n s f e r r e d  t o  \% g o l d  c h l o r i d e  a n d
r e t u r n e d  t o  t h e  d a r k  f o r  a f u r t h e r  1 0  m i n u t e s .  A t  t h e  
e n d  o f  t h i s  t i m e  t h e  t i s s u e  w a s  d r i e d  a s  b e f o r e .

3 .  T h e  t i s s u e  w a s  n e x t  p l a c e d  i n  25% f o r m i c  a c i d  a n d  l e f t  
i n  d a r k n e s s  f o r  2 4  h o u r s ,  a t  t h e  e n d  o f  t h i s  t i m e  i t  w a s  
r e m o v e d  a n d  d r i  e d  a g a i n .  I t  w a s  t h e n  p l a c e d  i n  g l y c e r i n e  
a n d  l e f t  e x p o s e d  t o  d a y l i g h t  f o r  s e v e r a l  d a y s .

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

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

T o  s e a r c h  f o r  r e c e p t o r s ,  a s m a l l  p i e c e  o f  t i s s u e  w a s  
p l a c e d  o n  a s i  i d e  u n d e r  a c o v e r s l  i p  w i t h  a s m a l  I a m o u n t  o f  
g l y c e r i n e  a n d  g r a d u a l l y  t e a s e d  t o  s e p a r a t e  t h e  v a r i o u s  
e l e m e n t s  p r e s e n t  a n d  t o  p r o d u c e  a p r e p a r a t i o n  t r a n s p a r e n t  
e n o u g h  t o  a l  l o w  t h e  s e n s e  o r g a n s  t o  b e  c l e a r l y  s e e n .
P r e s s u r e  a p p l i e d  o v e r  t h e  c o v e r - s l i p  w a s  h e l p f u l  i n  t h e  
e a r l y  s t a g e s  o f  t h e  p r o c e s s ,  a n d  a f t e r  e x a m i n a t i o n  u n d e r  t h e  
l o w - p o w e r  o b j e c t i v e  t h e  s u i t a b l y  s t a i n e d  a r e a s  w e r e  s e p a r a t e d  
u s i n g  m o u n t e d  n e e d l e s  a n d  f i n e  s c i s s o r s  a n d  w e r e  t r a n s f e r r e d  
t o  f r e s h  s l i d e s .  B y  r e p e t i t i o n  o f  t h i s  t r e a t m e n t ,  t h e  
p i e c e ;  o f  t i s s u e  u n d e r  e x a m i n a t i o n  w a s  g r a d u a l l y  r e d u c e d  i n  
s i z e  u n t i l  a s u i t a b l e  p r e p a r a t i o n  o f  a s e n s e  o r g a n  a n d  i t s  
s u p p l y i n g  n e r v e  f i b r e  w a s  o b t a i n e d ,  w i t h  t h e  d e t a i  I o f  i t s  
s t r u c t u r e  u n o b s c u r e d  b y  o t h e r  t i s s u e s .  T i s s u e  r e m o v e d  f r o m
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a l m o s t  e v e r y  c a t  u s e d  f o r  s e n s o r y  n e r v e  r e c o r d i n g  ( s e c t i o n  5 )  
w a s  t r e a t e d  b y  t h i s  m e t h o d .

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

i n a c c u r a t e .
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B.  RESULTS-

T h e  a n a l  c a n a l  o f  t h e  c a t  i s  l i n e d  w i t h  s t r a t i f i e d  
s q u a m o u s  e p i t h e l i u m  s h o w i n g  n o  k e r a t i n i s a t i o n . A t  t h e
u p p e r  e n d  o f  t h e  c a n a l  t h e r e  i s  an a b r u p t  t r a n s i t i o n  t o  t h e  
c o l u m n a r  e p i t h e l i u m  l i n i n g  t h e  l a r g e  b o w e l ,  w h i l e  a t  t h e  
l o w e r  e n d  t h e  t r a n s i t i o n  t o  t h e  k e r a t i n i s i n g  e p i t h e l i u m  o f  

t h e  p e r i - a n a l  s k i n  i s  m o r e  g r a d u a l .  M a n y  n e r v e  f i b r e s  
c o u l d  b e  s e e n  b r a n c h i n g  i n  t h e  s u b e p i t h e  I i a  I c o n n e c t i v e  
t i s s u e ,  b u t  n o  o r g a n i s e d  s e n s o r y  n e r v e  e n d i n g s  w e r e  f o u n d  i n  
o r  n e a r  t h e  a n a l  m u c o u s  m e m b r a n e .  I n  s u i t a b l y  i m p r e g n a t e d  
s i l v e r  p r e p a r a t i o n s ,  h o w e v e r ,  f i n e  n o n m y e I i n a t e d  n e r v e  
e n d i n g s  c o u l d  b e  s e e n  r u n n i n g  u p  t o  t h e  l o w e s t  l a y e r  o f  t h e  
e p i t h e l i u m .  No  n e r v e  e n d i n g s  w e r e  s e e n  i n  t h e  c o l o n i c  
m u c o u s  m e m b r a n e ,  w h i l e  i n  t h e  h a i r y  p e r i - a n a l  s k i n  o n l y  
p e r  i - t r  i c h  i a I e n d i n g s  a n a  u n d i f f e r e n t i a t e d  n e r v e  e n d i n g s  

w e r e  f o u n d .

D i s c r e t e  b u n d l e s  o f  s t r i a t e d  m u s c l e  f i b r e s  r u n  i n  
t h e  l o o s e  c o n n e c t i v e  t i s s u e  a l m o s t  u p  t o  t h e  l o w e s t  l a y e r s  
o f  t h e  e p i t h e l  i urn o f  t h e  a n a l  c a n a l  .  T h e s e  f o r m  t h e  m o s t  
s u p e r f i c i a l  p a r t  o f  t h e  e x t e r n a l  a n a l  s p h i n c t e r .  L a m e l l -  
a t e d  s e n s e  o r g a n s  o f  t h e  P a c i n i a n  c o r p u s c l e  t y p e  w e r e  f o u n d  
l y i n g  b e t w e e n  t h e s e  b u n d l e s  a n d  a l s o  i n  t h e  c o n n e c t i v e  
t i s s u e  p l a n e s  o f  t h e  d e e p  p a r t  o f  t h e  e x t e r n a l  s p h i n c t e r  
( f i g .  7 1 ) -  T h e s e  v a r i e d  f r o m  2 0 0  t o  5 0 0  y  i n  t r a n s v e r s e  

d  i a m e t e r .

M u s c l e  s p i n d l e s  w e r e  f o u n d  i n  t h e  e x t e r n a l  a n a l  
s p h i n c t e r  i n  b o t h  s e x e s .  T h e  g o l d  c h l o r i d e  m e t h o d  w a s  
t h e  m o s t  s a t i s f a c t o r y  f o r  s t u d y i n g  t h e s e  t h o u g h  i n  m a n y  
c a s e s  o n l y  p a r t  o f  t h e  s p i n d l e  w a s  s t a i n e d .  E l e v e n  
m u s c l e  s p i n d l e s ,  h o w e v e r ,  w e r e  f o u n d  a l m o s t  c o m p l e t e l y
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s t a i n e d  a n d  o f  t h e s e ,  t w o  w e r e  c o m p l e x  s p i n d l e s ,  w i t h  
s p i r a l  a n d  s p r a y  e n d i n g s  ( f i g . 7 0 ) ,  w h i l e  t h e  o t h e r  n i n e  w e r e  
s i m p l e  s p i n d l e s  w i t h  s p i r a l  e n d i n g s  o n l y  ( f i g .  6 9 ) .  M u s c l e  
s p i n d l e s  w e r e  a l s o  f o u n d  i n  t h e  s p h i n c t e r  v a g i n a e .

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

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

A v a r i e t y  o f  I a m e l  I a t e d  e n d  o r g a n s  w e r e  f o u n d  i n  a n d  
a r o u n d  t h e  wa l  I o f  t h e  u r e t h r a .  T h e s e  v a r i e d  f r o m  l a r g e  
P a c i n i a n  c o r p u s c l e s  l y i n g  i n  t h e  p e r i - u r e t h r a l  c o n n e c t i v e  
t i s s u e  w h i c h  w e r e  u p  t o  5 0 0  p  i n  t r a n s v e r s e  d i a m e t e r  ( f i g .  7 2 )  
d o w n  t o  s m a l l  ' c u c u m b e r  s h a p e d '  e n d i n g s  l y i n g  i n  t h e  u r e t h r a l  
m u c o s a  w h i c h  w e r e  a b o u t  3 0  p  i n  t r a n s v e r s e  d i  a m e t e r ,  ( f i g s .

7 4 ,  7 5 ,  7 6  &  7 7 ) ,  w i t h  i n t e r m e d i a t e  f o r m s  i n  t h e  m u s c l e  
l a y e r s  a n d  t h e  d e e p e r  p a r t s  o f  t h e  m u c o s a ,  1 0 0  t o  3 0 0  p  i n  
d i a m e t e r ,  ( f i g .  7 3 ) .  T h e  I a r g e r  P a c i n i a n  c o r p u s c l e s  a n d  
t h o s e  i n t e r m e d i a t e  i n  s i z e ,  w e r e  s i m i l a r  i n  s t r u c t u r e  t o  
I a m e I  I a t e d  s e n s e  o r g a n s  f o u n d  i n  o t h e r  s i t e s  i n  t h e  c a t .
T h e y  w e r e  m o s t  c o m m o n  i n  t h e  r e g i o n  o f  t h e  p r o s t a t e  a n d  
C o w p e r ' s  g l a n d s  w h e r e  t h e  u r e t h r a  c h a n g e s  d i r e c t i o n  a n d  a 
s e c t i o n  o f  t h e  u r e t h r a  t a k e n  a t  o n e  o f  t h e s e  s i t e s  s o m e t i m e s  
s h o w e d  s e v e r a l  s e n s e  o r g a n s .  A p a r t  f r o m  t h e  f l e x u r e s ,  t h e  
I a m e I  I a t e d  s e n s e  o r g a n s  w e r e  m o s t  e e s i  l y  f o u n d  i n  t h e  
e x t e r n a l  s p h i n c t e r  r e g i o n  a n d  w e r e  r a r e  a l o n g  t h e  p r o x i m a l  

u r e t h r a .

T h e  s m a l l  ' c u c u m b e r  s h a p e d '  e n d i n g s  w e r e  f o u n d  o n l y  
i n  t h e  m o s t  s u p e r f i c i a l  l a y e r s  o f  t h e  u r e t h r a l  m u c o s a  i n
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w h i c h  t h e y  l a y  i m m e d i a t e l y  u n d e r  t h e  e p i t h e l i u m .  T h e y  
w e r e  u s u a l l y  s i t u a t e d  a t  t h e  s u m m i t s  o f  t h e  f o l d s  w h i c h  

d e v e l o p  i n  t h e  u r e t h r a l  m u c o s a  w h e n  t h e  u r e t h r a  i s  e m p t y .  
T h e y  w e r e  f o u n d  i n  g r o u p s  o f  t w o  t o  f i v e  e n d i n g s  ( f i g s .  7 4  
& 7 5 )  w i t h  t h e  l o n g  a x i s  p a r a l l e l  t o  t h e  d i r e c t i o n  o f  f l o w  
o f  t h e  u r  i n e .

I n  t e a s e d  p r e p a r a t i o n s  o f  t h e  u r e t h r a l  m u c o s a  s t a i n e d  
w i t h  g o l d  c h l o r i d e ,  t h e  s m a l l  l a m e l l a t e d  e n d  o r g a n s  c o u l d  b e  
s e e n  e n t i r e  ( f i g .  7 7 ) ■  T h e y  c o u l d  b e  s e e n  t o  h a v e  a  d a r k l y  
s t a i n e d  c e n t r a l  p o r t i o n  c o n t i n u o u s  w i t h  t h e  s u p p l y i n g  n e r v e  
f i b r e ,  a n d  t h i s  w a s  s u r r o u n d e d  b y  a  p a l e r  s t a i n i n g  z o n e  o f  
g r a n u l a r  c y t o p l a s m .  T h i s  i n  t u r n  w a s  s u r r o u n d e d  b y  f i v e  
o r  s i x  l a m e l l a e  o f  f l a t t e n e d  c e l l s ,  c o n c e n t r i c a l l y  a r r a n g e d .  
T h e  w h o l e  s t r u c t u r e  w a s  a b o u t  30 i n  t r a n s v e r s e  d i a m e t e r  a n d  
w a s  a b o u t  2 5 0  u  i n  l e n g t h .
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C .  DISCUSSION

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  a  d e f i n i t e  c o r r e l a t i o n  
w a s  n o t  a t t e m p t e d  b e t w e e n  t h e  e x p e r i m e n t a l  l y  r e c o r d e d  
s e n s o r y  n e r v e  d i s c h a r g e s  a n d  t h e  h i s t o l o g i c a l  l y  d e m o n s t r a t e d  
s e n s e  o r g a n s .  T o  e s t a b l i s h  t h i s  c o r r e l a t i o n  i t  i s  n e c e s s a r y ]  
t o  I oc  al  i s e  t h e  s o u r c e  o f  t h e  d i s c h a r g e  v e r y  a c c u r a t e l y  j
t o  a s m a l l  p i e c e  o f  t i s s u e  a n d  t o  r e m o v e  t h i s  p i e c e  o f  t i s s u e ]  
f r o m  t h e  l i v i n g  a n i m a l  w h i l e  c o n t i n u i n g  t o  r e c o r d  t h e  
d i s c h a r g e  o s  l o n g  a s  p o s s i b l e .  T h e  r e m o v e d  t i s s u e  m u s t  
t h e n  b e  e x a m i n e d  h i s t o l o g i c a l  l y  a n d  s h o w n  t o  c o n t a i n  o n l y  
o n e  t y p e  o f  s e n s e  o r g a n .  T h i s  t e c h n i q u e  c a n  r a r e l  y  b e  !
c a r r i e d  o u t  s u c c e s s s f u  I I y  o n  m o r e  t l u n  o n e  o c c a s i o n  i n  e a c h  j
a n i m a l ,  a n d  l a t e r  t h e  r e s u l t  m a y  b e  f o u n d  t o  b e  i n d e c i s i v e  I
s i n c e  m o r e  t h a n  o n e  e n d  o r g a n  may  b e  f o u n d  i n  t h e  t i s s u e

!f!
r e m o v e d .  I n  a d d i t i o n ,  m e t a l l i c  i m p r e g n a t i o n  t e c h n i q u e s ,  ]
w h i c h  a r e  t h e  m o s t  s u i t a b l e  f o r  d e m o n s t r a t i n g  n e r v o u s  ]
s t r u c t u r e s ,  a r e  n o t o r i o u s l y  c a p r i c i o u s  i n  t h e i r  r e a c t i o n  
a n d  t h e  f a i  l u r e  t o  d e m o n s t r a t e  a p a r t i c u l a r  s e n s e  o r g a n  i n  a  ji
p i e c e  o f  t i s s u e ,  d o e s  n o t  n e c e s s a r i l y  i m p l y  t h a t  s u c h  a  s e n s e ]  
o r g a n  i s  a b s e n t .  F o r  t h e s e  r e a s o n s  n o  a t t e m p t  w a s  m o d e  t o  J
c a r r y  o u t  e x p e r i  m e n t s  a l o n g  t h e  a b o v e  I i n e s  a n d  t h e r e f o r e ,  
t h e  a s s o c i a t i o n  b e t w e e n  t h e  d i s c h a r g e s  a n d  t h e  e n d  o r g a n s  

m u s t  b e  p r e s u m p t i v e .

T h e  m o s t  s a t i s f a c t o r y  a s s o c i a t i o n  i s  t h a t  b e t w e e n  
t h e  s  i o w l  y - a d a p t  i ng  d i s c h a r g e  p r o d u c e d  b y  s t r e t c h i n g  t h e  
e x t e r n a l  a n a l  a n d  v a g i n a l  s p h i n c t e r s  a n d  t h e  m u s c l e  s p i n d l e s  
d e m o n s t r a t e d  i n  t h e s e  m u s c l e s .  T h e  t i m e  c o u r s e  o f  t h e  
a d a p t a t i o n  c u r v e  o f  t h e s e  d i s c h a r g e s  i s  s i m i l a r  t o  t h a t  o f  [
m u s c l e  s p i n d l e s  i n  s o  I e u s  ( M a t t h e w s  1 9 3 3 ) ,  w h i  I e  t h e  f i n d i n g  
o f  a  p a u s e  i n  t h e  d i s c h a r g e  o n  m o t o r  n e r v e  s t i m u l a t i o n ,
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i n d i c a t e s  t h a t  t h e  r e c e p t o r  l i e s  in p a r a l l e l  w i th  t h e  

muscle f i b r e s ,  and makes t h e  i d e n t i f i c a t i o n  o f  t h e  d i s c h a r g e  

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

B a rk e r  ( 1 9 4 8 ) ,  u s in g  t h e  c l a s s i f i c a t i o n  o r i g i n a l l y  

proposed by R u f f  i n i  ( I 8 9 8 ) ,  d e s c r ib e d  t h r e e  t y p e s  o f  muscle  

s p i n d l e  on t h e  b a s is  o f  t h e  sensory  e n d in g s  which th e y  

c o n t a i n e d .  The s im p le  s p i n d i e  c o n t a i n s  a s i n g l e  a n n u l o -  

a p i r a l  e n d in g ,  t h e  i n t e r m e d i a t e  type  c o n t a i n s  an a n n u l o -  

s p i r a l  en d in g  and a s i n g l e  e n d in g  o f  th e  spray  t y p e ,  w h i l e  

t h e  complex s p i n d l e  has two or more s p r a y  end in g s  in a d d i t i o n  

t o  t h e  annu I o -sp  i r  a I e n d in g .  He found t h a t  t h e  s im p le  

t y p e  outnumbered t h e  complex t y p e  by about  t h r e e  t o  one in 

t h e  s k e l e t a l  muscles o f  t h e  c o t .  In t h e  p r e s e n t  . e n q u i r y  

both s im p le  and complex  s p i n d l e s  were found  in t h e  e x t e r n a l  

anal s p h i n c t e r .  Two were complex and n in e  s i m p l e .  This  

l i m i t e d  number does not  p e r m i t  a d e c i s i o n  as t o  t h e i r  

r e l a t i v e  abundance in t h i s  m usc le .  L i t t l e  is  known o f  any 

d i f f e r e n c e s  in f u n c t i o n  between t h e  two t y p e s .

The v a r i o u s  o r g a n is e d  sense o rg an s ,  l a m e l l a t e d  

e n d in g s  o f  t h e  P a c in ia n  corpusc l  e t y p e ,  which were found  in  

and around t h e  e x t e r n a l  ana l  s p h i n c t e r  a r e  p resum ably  

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

on d i s t e n d i n g  t h e  anal c a n a l .  Gray & Malcolm ( I 9 5 i )  showed
!

t h a t  P a c i n i a n  c o r p u s c l e s  in t h e  m esente ry  o f  t h e  c a t  were j 

s e n s i t i v e  t o  r a p i d l y  a p p l i e d  mechanical  d e f o r m a t i o n ,  t o  

which t h e y  responded w i th  a s i n g l e  impulse or  a b r i e f  b u r s t  

o f  im p u lses  in a r a p i d l y  a d a p t in g  f a s h i o n .  Th is  r e s u l t  

has been c o n f i r m e d  by o t h e r  w orkers  and t h e  e a r  l i e n  r e p o r t  

by A d r ia n  & Urnrath ( 1 9 3 1) t h a t  P a c in ia n  c o r p u s c le s  in t h e  

t o e  pad o f  t h e  c a t  responded t o  t h e  a p p l i c a t i o n  o f  a s te a d y
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p r e s s u r e  w i t h  a s u s t a i n e d  d i s c h a r g e ,  is  now r e g a r d e d  as 

b e in g  in  e r r o r .  I t  seems r e a s o n a b le  t o  b e l i e v e  t h a t  a l l  j

r e c e p t o r s  w i t h  t h e  same b a s ic  l a m e l I a t e d  s t r u c t u r e  behave  

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

The absence o f  s p e c i a l i s e d  n e rve  e n d in g s  f ro m  t h e  j
anal mucous membrane o f  t h e  c a t  in  t h i s  i n v e s t i g a t i o n ,  

c o n t r a s t s  w i t h  th e  f i n d i n g s  o f  D u t h i e  b G a i r n s  ( i 9 6 0 )  in  man 

and t h e r e  i s  p r o b a b ly  a s p e c ie s  d i f f e r e n c e  s i n c e  t h e  same j
I

h i s t o l o g i c a l  t e c h n i q u e s  were used in t h e  two i n v e s t i g a t i o n s ,  j

The r a p i d l y  a d a p t i n g  r e c e p t o r s  in th e  anal r e g i o n  a r e  j.

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

in  t h e  ana l  c a n a l ,

In v iew  o f  t h e  r e p o r t  by G e r b e t z o f f  b G r i e t e n  (4)956)  | 

t h a t  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  in  t h e  r a b b i t  and gu i neaj 

p i g  i s  r i c h  in ' i n t r a - f u s a I '  muscle f i b r e s ,  t h e  f a i l u r e  t o  

d e m o n s t r a te  muscle s p i n d l e s  in t h e  e x t e r n a l  u r e t h r a l  

s p h i n c t e r  o f  t h e  c a t  in t h e  p r e s e n t  i n v e s t i g a t i o n  seems 

s u r p r i s i n g .  T h i s  is  e s p e c i a l l y  so, s i n c e  t h e  e x t e r n a l  

s p h i n c t e r s  o f  t h e  anus and u r e t h r a  share  a common em bryo-  

l o g ic a l  o r i g i n  and a common nerve  s u p p ly  and s i n c e  s p i n d l e s  

a r e  p r e s e n t  in t h e  e x t e r n a l  anal s p h i n c t e r .  On t h e  o t h e r  

hand,  G e r b e t z o f f  b G r i e t e n  made th e  d i s t i n c t i o n  between  

i n t r e - f u s a l  and e x t r a - f u s a l  muscle f i b r e s  on t h e  b a s is  o f  

a d i f f e r e n c e  in t h e  d i s t r i b u t i o n  o f  c h o I i n e s t e r a s e  in th e

   motor  end p l a t e s  o f  t h e  two t y p e s  o f  f i b r e  as r e v e a l e d  by

a h i s tochemic  al method. On no oc c a s io n  d i d  t h e y  a c t u a l l y  

d e m o n s t r a te  muscle s p i n d l e s .  To assess t h e  s i g n i f i c a n c e  

o f  t h e i r  r e s u l t ,  I examined t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r  j 

o f  t h e  g u in e a  p i g ,  w i t h  t h e  g o ld  c h l o r i d e  method.  This

was t h e  muscle which t h e y  had r e p o r t e d  as c o n t a i n i n g  th e
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l a r g e s t  number o f  '  i n t r a - f u s a I  '  muscle f i b r e s  o f  a l l ,  b u t  

no muscle s p i n d l e s  were d e m o n s t r a t e d .  j

The  e x t e r n a l  u r e t h r a l  s p h i n c t e r  i s  a d i f f i c u l t  

muscle  t o  t e a s e .  U n l i k e  t h e  e x t e r n a l  anal s p h i n c t e r ,  where 

t h e  m uscle  f i b r e s  l i e  p a r a l l e l  t o  one a n o t h e r ,  i t  i s  composedj 

o f  i n t e r l a c i n g  bands o f  muscle f i b r e s  r u n n in g  in a l l  d i r e c -  1 

t i  ons and fo r m in g  a rough c o h e s iv e  mass. I t  is d i f f i c u l t  

t o  see how muscle s p i n d l e s  c o u ld  be under  r e s t i n g  t e n s i o n  

or how a r e c e p t o r  o f  v a r i a b l e  l e n g t h  c o u ld  p l a y  a u s e fu l  

r o l e  in t h i s  s i t u a t i o n .  No d i s c h a r g e  o f  t h e  m uscle  s p i n d l e  

t y p e  co u ld  be r e c o r d e d  from t h e  u r e t h r a  o f  t h e  c a t  e i t h e r  in  

t h e  p r e s e n t  i n v e s t i g a t i o n  o r  in t h a t  o f  T a l a a t  ( 1 9 3 7 ) .

I t  is  not  c l e a r ,  t h e n ,  which r e c e p t o r s  c o u ld  a c t  

as t h e  source  o f  t h e  a f f e r e n t  s t i m u l a t i o n  f o r  t h e  r e f l e x  

t o n e  o f  t h e  u r e t h r a l  s p h i n c t e r  s in c e  no r e c e p t o r s  were found  

in  t h e  u r e t h r a l  r e g i o n  which had a s u s t a i n e d  d i s c h a r g e .  On 

t h e  o t h e r  hand, r e f l e x e s  which cause c o n t r a c t i o n  o f  t h e  anal  

s p h i n c t e r ,  such as t h e  anal  r e f l e x ,  a l s o  cause c o n t r a c t i o n  

o f  t h e  u r e t h r a l  s p h i n c t e r  and t h e  two m uscles behave as p a r t  

o f  a s i n g l e  muscle mass ehen i n h i b i t i o n  o c c u r s .  I t  may

be t h a t  t h e  r e s t i n g  a f f e r e n t  d is c h a r g e  from t h e  s p i n d l e s  in  

t h e  anal s p h i n c t e r  d r i v e s  both m usc les .

A v a r i e t y  o f  end organs  o f  t h e  I amel I a te d  type  were  

found in  and around , the  wa| I o f  t h e  u r e t h r a .  These v a r y  

from l a r g e  e n d -o rg a n s  o f  t h e  P a c i n i a n  c o r p u s c l e  t y p e  l y i n g  

in  t h e  p e r i - u r e t h r a I  c o n n e c t i v e  t i s s u e ,  t o  t h e  smal l  

'cucumber*' end i ng s w i t h  o n ly  f i v e  o r  s i x  s u r r o u n d in g  l a m e l l a e ,  

l y i n g  in t h e  u r e t h r a l  mucosa im m e d ia te ly  b en ea th  t h e  s u r f a c e  

e p i t h e l i u m .  T here  were a l s o  o t h e r  r e c e p t o r s  i n t e r m e d i a t e
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in  s i z e  and fo rm  l y i n g  in  t h e  u r e t h r a l  w a l l ,  e s p e c i a l l y  in  

th e  muscle  l a y e r s .  As a l r e a d y  s t a t e d ,  i t  is  l i k e l y  t h a t  a l l  

r e c e p t o r s  o f  t h i s  b a s ic  p a t t e r n  behave as r a p i d l y  a d a p t i n g  

d e f o r m a t i o n  r e c e p t o r s  and i t  seems p r o b a b le  t h a t  t h o s e  

f u r t h e s t  out  f rom t h e  lumen respond t o  sudden d i s t e n s i o n  

o f  t h e  u r e t h r a  o r  t o  any sudden marked change in t h e  r a t e  o f  

f l o w .  The smal l  'cucumber shaped '  e n d in g s  p r o b a b ly  respond  

t o  t h e  v i b r a t i o n  e f f e c t  produced by t u r b u l e n c e  in t h e  f l o w  

o f  u r i n e .  These smal I end ings  a r e  s i t u a t e d  a t  t h e  summits  

o f  t h e  mucosal f o l d s  w i t h  t h e  long a x i s  p a r a l l e l  t o  th e  

d i r e c t i o n  o f  f lo w  where t h e y  wi I I  be most exposed t o  any 

lo c a l  t u r b u l e n c e .  I t  may be  s i g n i f i c a n t  t h a t  t h e  g r e a t e s t  

c o n c e n t r a t i o n  o f  I a me M a t e d  r e c e p t o r s  o f  a I I s i z e s  i s  in  

t h e  r e g i o n s  o f  t h e  p r o s t a t e  and b u I b o - u r e t h r a I  g l a n d s ,  t h a t  

i s  a t  e i t h e r  end o f  t h e  e x t e r n a l  s p h i n c t e r  where v a r i a t i o n  

in  t h e  c a l i b r e  and d i r e c t i o n  o f  t h e  u r e t h r a  occ u r  and where  

c o n d i t i o n s  wu I d be most f a v o u r a b l e  t o  t h e  deve lopm ent  o f  "" 

t u r b u 1e n c e .

The f u n c t i o n  o f  lame M a t e d  sense organs in t h e  body 

has f o r  long been a m a t t e r  f o r  c o n j e c t u r e .  They a r e  found  

in  many s i t e s  in t h e  m e s e n te r ie s  and in r e t r o - p e r i t o n e a l  

f a t  d e p o ts ,  in t h e  p e r i - a n a l  and g e n i t a l  r e g i o n s ,  in  t h e  

f o o t  pads ,  a long  t h e  c o u rs e  o f  l a r g e  b lo o d  v e s s e ls  ( R o b e r t s  

1 9 5 5 ) ,  in f a s c i a l  p l a n e s ,  in  t h e  p e r io s t e u m ,  and in  t h e  deep 

s e a t e d  abdominal v i s c e r a .  Small  end organs ,  a p p a r e n t l y  

i d e n t i c a l  in  s t r u c t u r e  w i t h  th e  'cucumber shaped '  end ings  

o f  t h e  u r e t h r a l  mucosa, have been d e s c r i b e d  in t h e  c e p s u le  

o f  t h e  c a t  knee j o i n t  by Boyd ( 1 9 5 4 )  and have been p o s i t i v e l y  

i d e n t i f i e d  by him as t h e  source  o f  a r a p i d l y  a d a p t in g  t y p e  

o f  d is c h a r g e  in  th e  a r t i c u l a r  n e r v e ,  u s in g  t h e  p ro c e d u re
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o u t l  i ned a t  t h e  b e g in n in g  o f  t h i s  c h a p t e r .  A l th o u g h  t h e  

s t i m u l u s  response  r e l a t i o n s h i p  o f  l a m e l l a t e d  e n d in g s  is  now 

w e l l  known and t h e  mechanism by which t h e  a c t i o n  p o t e n t i a l s  

a r e  g e n e r a t e d  has been c l o s e l y  s t u d i e d ,  i t  has r a r e l y  been 

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

economy o f  t h e  body,  q:>art from supposing them t o  be co n ­

c e r n e d  in v a s c u l a r  r e f l e x e s ,  in p o s tu r a l  r e f l e x e s  or  in deep 

s e n s a t i o n .  On t h e  o t h e r  hand,  wel I d e f i n e d  r e f l e x e s  a re  

d e s c r ib e d  f o r  which th e  normal s t i m u l u s  is  f lo w  a lo n g  t h e  

u r e t h r a  ( B a r r i n g t o n ' s  second and seventh  m i c t u r i t i o n  r e f l e x e s  

and t h e  u r e t h r a l  g u a rd in g  r e f l e x  d e s c r i b e d  in  t h i s  t h e s i s ) .

I f  i t  is  a c c e p te d ,  as is  suggested  in t h i s  d i s c u s s io n  

t h a t  t h e  'cucumber sh a p ed '  en d in g s  a r e  r e s p o n s i b l e  f o r  t h e  

f l o w  r e c e p t o r  d i s c h a r g e  and t h a t  t h e  f low  r e c e p t o r  d is c h a r g e  

i s  r e s p o n s i b l e  f o r  t h e s e  r e f l e x e s ,  t h i s  w i l l  be one o f  t h e  

f i r s t  i n s t a n c e s  in which i t  has been p o s s i b l e  t o  a s c r i b e  a 

s p e c i f i c  p h y s i o l o g i c a l  r o l e  t o  such end o r g a n s .
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D • Summary

The h i s t o } o g y  o f  t h e  sense organs in th e  anal and 

u r e t h r a l  r e g i o n s  was i n v e s t i g a t e d  us ing  g o ld  and s i l v e r  

im p r e g n a t io n  t e c h n i q u e s  supplemented  by c o n v e n t io n a l  s t a i n ­

ing methods.

T y p ic a l  muscle s p i n d l e s  o f  s i m p le  and complex t y p e s  

a r e  p r e s e n t  in th e  e x t e r n a l  anal  s p h i n c t e r  and in  t h e  

s p h i n c t e r  v a g i n a e .  L a m e l l a te d  end organs o f  t h e  P a c in ia n  

c o r p u s c l e  ty p e  a re  found in t h e  i s c h i o - r e c t a I  f a t ,  in  t h e  

subcutaneous t i s s u e  and w i t h i n  th e  e x t e r n a l  s p h i n c t e r .  No 

s p e c ia l  i sed  end organs were found in o r  under  t h e  anal  

mucous membrane, nor in th e  mucous membrane o f  the  c o l o n .

P a c in ia n  c o r p u s c l e s  l i e  in  t h e  c o n n e c t iv e  t i s s u e  

which sur roun ds  t h e  u r e t h r a  and in t h e  o u t e r  p a r t s  o f  the 

s t r i a t e d  muscle o f  t h e  e x t e r n a l  u r e t h r a l  s p h i n c t e r .  Smal l  

l a m e l l a t e d  'cucumber shaped '  end ings  l i e  in t h e  mucosa o f  

t h e  u r e t h r a  im m e d ia te ly  under t h e  s u r f a c e  e p i t h e l i u m  and 

p a r t i c u l a r l y  a t  t h e  t i p s  o f  t h e  mucosal f o l d s .  These have  

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

l a m e l l a e .  No muscle s p i n d l e s  were found in t h e  e x t e r n a l  

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

I t  i s  s u g g es ted  t h a t  t h e  muscle s p i n d l e s  p r e s e n t  in  

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

a d a p t i n g  s t r e t c h  r e c e p t o r  d i s c h a r g e  seen on d i s t e n s i o n  o f  

t h e  anus and t h a t  t h e  smal l  l a m e l l a t e d  end ings  in  t h e  u r e t h ­

r a l  mucosa a r e  r e s p o n s i b l e  f o r  t h e  f l o w  r e c e p t o r  d i s c h a r g e s .
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GENERAL SUMMARY

The e x p e r im e n t s  d e s c r ib e d  in  t h i s  t h e s i s  r e p r e s e n t  

an a t te m p t  t o  s tu d y  t h e  r o l e  o f  t h e  pudendal  n e r v e  and t h e  

s t r u c t u r e s  which i t  s u p p l i e s  in t h e  mechanisms c o n t r o l l i n g  

e v a c u a t io n  and c o n t i n e n c e .  The prob lem  was approached  

f rom s e v e r a l  d i r e c t i o n s .  F i r s t  t h e  morphology o f  th e  

s t r i a t e d  s p h i n c t e r s  and o t h e r  r e l a t e d  muscles was s t u d i e d  

by gross  d i s s e c t i o n  and c o n v e n t io n a l  h i s t o l o g i c a l  t e c h n i q u e s .  

Then t h e  morphology o f  th e  pudendal  n e rv e  was i n v e s t i g a t e d  

in r e l a t i o n  t o  i t s  f u n c t io r i  by means o f  a q u a n t i t a t i v e  

s t u d y  o f  i t s  f i b r e  s i z e  d i s t r i b u t i o n .  The motor f u n c t i o n  

o f  t h e  pudendal  ne rve  and t h e  o u tg o in g  s i d e  o f  t h e  

r e f l e x e s  in which  i t  p a r t i c i p a t e s  were i n v e s t i g a t e d  by 

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

by d i r e c t  e l e c t r i c a l  r e c o r d i n g  from t h e  i n d i v i d u a l  nerve  

f i b r e s .  F i n a l l y  t h e  s t r u c t u r e  o f  t h e  r e l e v a n t  sense  

organs  was s t u d i e d  u s in g  n e u r o h i s t o I o g i c a I  t e c h n i q u e s .

The r e s u l t s  o f  t h e s e  v a r i e d  i n v e s t i g a t i o n s  form a com plete  

w h o le .  The r e s u l t s  o f  t h e  i n d i v i d u a l  s e c t i o n s  have been 

summarised in  d e t a i I in t h e  t e x t  and a t  t h i s  s ta g e  I s h a lI  
o n l y  a t t e m p t  t o  s e l e c t  th o s e  a s p e c ts  o f  t h e  f i n d i n g s  which 

seem t o  me t o  be most s i g n i f i c a n t .

One o f  t h e  most s t r i k i n g  f e a t u r e s  o f  t h e  r e s u lts  

i s  t h e  s i m i l a r i t y  which t h e y  i n d i c a t e  between t h e  b eh av io u r  

o f  t h e  e x t e r n a l  s p h i n c t e r s  o f  th e  anus and o f  t h e  u r e th r a .  
T h i s  s i m i l a r i t y  is  not s u r p r i s i n g  in v iew  o f  t h e  common 

embryo I o g i c a I  o r i g i n  o f  t h e  two m u s c le s .  From th q se  r e s u lts  
t h e  con cep t  emerges t h a t  t h e  e x t e r n a l  s p h i n c t e r  muscles 

g uard  a g a i n s t  t h e  escape o f  r e c t a l  o r  b l a d d e r  c o n t e n t s
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d u r i n g  p e r i o d s  o f  h igh  i n t r a - a b d o m i n a l  p r e s s u r e  and d u r i n g  

p e r i o d s  when t h e  rec tum  and b l a d d e r  a r e  v e r y  f u l l .

A l th o u g h  b o th  e x t e r n a l  s p h i n c t e r s  have a low g r a d e  t o n i c  

a c t i v i t y  when t h e  an imal  is  a t  r e s t ,  t h e y  a r e  n o t  e s s e n t i a l  

f o r  t h e  m a in te n a n c e  o f  c o n t i n e n c e  a t  r e s t  ; t h i s  i s  t h e  

f u n c t i o n  o f  t h e  smooth muscle i n t e r n a l  s p h i n c t e r s .  An 

e x t e n s i o n  o f  t h i s  con cep t  o f  t h e  f u n c t i o n  o f  t h e  e x t e r n a l  

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

t h e  r e a l i s a t i o n  t h a t  a number o f  r e f l e x e s  e x i s t ,  t h e  e f f e c t  

o f  which is  t o  m a i n t a i n  c o n t i n e n c e .  The id ea  t h a t  t h e  

m a in te n a n c e  o f  c o n t i n e n c e  is  based on a s e r i e s  o f  r e f l e x e s  

complementary  t o  t h o s e  d e s c r ib e d  as t h e  b a s i s  o f  d e f a e c a t i o n  

and o f  m i c t u r i t i o n ,  has n o t ,  I t h i n k ,  been emphasised  

b e f o r e .

The r e s u l t s  o f  th e  n e rve  r e c o r d i n g  e x p e r im e n t s  a r e  

com plem entary  t o  t h e  r e s u l t s  o f  t h e  e Ie c t r o m y o g r a p h ic  

e x p e r im e n t s .  The f i n d i n g s  d e s c r i b e d  in c o n n e c t io n  w i t h  

t h e  f l o w  r e c e p t o r  d is c h a r g e s  a r e  o f  i n t e r e s t  because o f  

t h e  l i g h t  t h e y  th ro w  on t h e  f u n c t i o n s  o f  l a m e l l a t e d  sense  

o r g a n s .

A l though  t h e  r e s u l t s  f a l l  t o g e t h e r  n e a t l y ,  I am 

we I I aware o f  t h e  w ide  gaps which s t i  I I rem ain  t o  be f i I  l e d .  

In  p a r t i c u l a r  an i n v e s t i g a t i o n ,  u s ing  e l e c t r o n i c  r e c o r d i n g  

methods,  o f  t h e  r e f l e x  b e h a v io u r  o f  t h e  smooth muscle  

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

p e l v i c  n e rv e  would p r o b a b ly  be w or th  w h i l e .

I t  i s  t e m p t i n g  t o  t h i n k  o f  t h e  r e s u l t s  o f  e x p e r im e n t ­

a l  work on a n im a ls  in r e l a t i o n  t o  t h e  c l i n i c a l  prob lem s o f  

s u r g e r y  and m e d ic in e  but  i t  is  not  c e r t a i n  how val id  such 

a d i r e c t  t r a n s f e r e n c e  o f  r e s u l t s  would be in t h i s  case
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s i n c e  s i g n i f i c a n t  s p e c ie s  d i f f e r e n c e s  e x i s t .  Two o f  t h e  

most s t r i k i n g  o f  t h e s e  d i f f e r e n c e s  a r e  t h e  absence o f  

r e f l e x  b l a d d e r  c o n t r a c t i o n  a f t e r  c h r o n i c  s p i n a l  co rd  

t r a n s e c t i o n  in t h e  c a t  and t h e  a p p a r e n t  absence in  man o f  

B a r r i n g t o n ' s  second and s e v e n th  m i c t u r i t i o n  r e f l e x e s  as  

found  in t h e  c a t .  These d i f f e r e n c e s ,  however,  s h o u ld  n o t  

be a l l o w e d  t o  obscure  t h e  fundam en ta l  s i m i l a r i t y  o f  t h e  

p ro c e s s e s  in t h e  two s p e c i e s .
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A draw ing o f  a d is s e c t io n  o f  the lo w e r abdominal and 
p e lv ic  v is c e ra  o f  a male c a t to show the lo w e r u r in a ry  
and a lim e n ta ry  t ra c ts  w ith  t h e ir  nerve supp ly .

(From Lang ley  & Anderson 1896)
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P ig . 2. A d is s e c t io n  o f  the p e lv ic  v is c e ra  o f  a male c a t seen 
fro m  the f r o n t . The symphysis pub is  has been s p l i t  and 
separa ted . The a n te r io r  p a r t  o f  the r ig h t  w a ll o f  the
p e lv is  has been removed to  expose the lo w e r u r in a ry  and
a lim e n ta ry  t r a c t s . The three p a r ts  o f  the u re th ra  can
be c le a r ly  seen, to g e th e r w ith  the e x te rn a l s p h in c te rs
o f  the anus and u re th ra . Note a lso  the p e lv ic  nerve 
runn ing  across the s ide  o f  the rectum  and the pudendal 
nerve d iv id in g  in to  d o rs a lis  p e n is  and g e n ito -a n a l 
branches.
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Ptg. 3. A d is s e c tio n  o f  the p e lv ic  v is c e ra  o f  a fem a le  c a t seen
from, the f r o n t . The symphysis pub is  has been s p l i t  and
separated. The a n te r io r  p a r t  o f  the r ig h t  w a ll o f  the 
p e lv is  has been removed to expose the low er u r in a ry  and 
a lim e n ta ry  t ra c ts .  The two p a r ts  o f  the u re th ra  can be 
seen. Note the c lose  r e la t io n  o f  the d is ta l  p a r ts  o f  
the u re th ra  to  the vag ina . Note a lso  the p e lv ic  nerve  
runn ing  across the s ide  w a ll o f  the rectum  and the pudendal 
nerve d iv id in g  in to  d o rs a lic  c l i t o r i s  and g e n ito -a n a l 
branches.
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F ig . 4 . A transve rse  s e c t io n  o f  the u re th ra  o f  a male ca t,
taken a t  the le v e l o f  the e x te rn a l u re th ra l s p h in c te r  
and s ta in e d  w ith  haemalum and e o s in . Note the  
s t r ia te d  im sc le  f ib r e s  in  the o u te r p a r t  o f  the 
u re th ra l w a ll wh ich c o n s t itu te  the e x te rn a l s p h in c te r .
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F ig , 5 . A drawing o f  a d is s e c t io n  o f  the la te r a l  aspect o f  
the g lu te a l and eahaJL reg ions  o f  a ca t, showing the 
lu m b o s a c ra l p lexus in  s i t u .



F ig , 6 . A d is s e c tio n  o f  the g lu te a l and ana l reg io ns  o f  a male c a t
seen fro m  the l e f t  s ide , showing the e x te rn a l anal 
s p h in c te r and the r e la t io n s  o f  the pudendal nerve .
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r ig .  7. A diagram, o f  the d o rsa l aspect o f  the low er lumbar and 
sa c ra l v e r te b ra l column o f  the ca t, w ith  the d o rsa l 
lam inae o f  L6, L7 and the sacrum c u t away to show the  
r e la t io n  o f  the s p in a l ro o ts  to the correspond ing  
ve rte b ra e .



F ig . 8
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• A diagram o f  the lum bo-sacra l p lexus  o f  the c a t• 
This arrangement corresponds to the median f ix a t io n  
o f  the p lexus as described  by Lang ley & Anderson  

(1895f ) .
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F ig , 9, A schem atic re p re s e n ta tio n  o f  the in n e rv a t io n  o f  the d is ta l  
co lon  and anal canal in  the c a t.  The lumbar sym pa the tic  
o u tflo w  in h ib i t s  the co lo n  and is  motor to the in te rn a l 
s p h in c te r . The s a c ra l parasym pathe tic  o u tf lo w  in  the p e lv ic  
nerves is  m otor to the co lon  and in h ib i t s  the in te rn a l anal 
s p h in c te r : in g o in g  f ib r e s  from, the tis s u e s  su rround ing  the 
anal canal and fro m  the w a ll o f  the co lon  run  in  the p e lv ic  
nerves, The pudendal nerves in n e rva te  the e x te rn a l anal
s p h in c te r : in g o in g  f ib r e s  fro m  the circum ana l s h in , fro m  the
tis s u e s  su rround ing  the anal canal and fro m  sp in d le s  in  the 
e x te rn a l anal s p h in c te r  run  in  the pudendal nerves.
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F ig . JO. <£ schem atic re p re s e n ta tio n  o f  the in n e rv a t io n  o f  the b ladde r
and u re th ra  in  the c a t . JVie lumbar sym pathe tic  o u tf lo w
in h ib i t s  the d e tru s o r muscle o f  the b ladde r w a ll and is
motor to the tr ig o n e  and the in te rn a l s p h in c te r . sa c ra l
parasym pathetic  o u tflo w  in  the p e lv ic  nerves is  motor to the 
d e tru s o r muscle and in h ib i t s  the in te rn a l u re th ra l s p h in c te r : 
in g o in g  f ib r e s  from, the p rox im a l u re th ra  and the w a ll o f  the
bladder run  in  the p e lv ic  nerves . The pudendal nerves
in n e rva te  the e x te rn a l u re th ra l s p h in c te r : in g o in g  f ib r e s
from, the s h in  around the e x te rn a l u r in a ry  meatus and the 
w a ll o f  the u re th ra  run  in  the pudendal nerves.



F ig . 11. The second sa c ra l s p in a l ro o t on the l e f t  s id e , fro m  a c a t 
in  w hich the sa c ra l d o rsa l ro o t g a n g lia  o f  the l e f t  s ide  
had been exc ised tw elve weeks p re v io u s ly . The th ree  bandies
in  the upper p a r t  o f  the f ig u r e  are the degenerated d o rsa l 
ro o t ( d is ta l  to the g a n g lio n ) and the two bundles below are  
the v e n tra l ro o t .
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l5r* i2# F ib re -s iz e  h is togra jns o f  the g e n ito -a n a l branch o f  the  
pudendal nerve o f  a male c a t . The s t ip p le d  columns 
rep resen t the d e -a ffe re n te d  nerve . The c le a r  p o r t io n s  
o f  the column show the numbers and d iam eters o f  the  
f ib r e s  d isappearing  on removal o f  the sa c ra l do rsa l 
noot g a n g lia .
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F ig . 13. F ib re -s iz e  h istogram s o f  the d o rs a lis  pen is  branch o f  the
pudendal nerve o f  a male c a t . The s t ip p le d  columns re p re se n t 
the d e -a ffe re n te d  nerve . The c le a r  p o r t io n s  o f  the columns 
show the numbers and d iam eters o f  the f ib r e s  d isappe a ring  on 
removal o f  the sa c ra l d o rsa l ro o t  g a n g lia „
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P ig. 14. F ib re -s iz e  h istogram s o f  the p e lv ic  nerve o f  a male c a t .
The s t ip p le d  columns re p re se n t the d e -a ffe re n te d  nerve. 
The c le a r  p o r t io n s  o f  the columns show the numbers and 
diam eters o f  the f ib r e s  d isappearing  on removal o f  the 
sacra l do rsa l ro o t  g a n g lia .



£ 1

Ass> ? W  i§ o .

Normal De-afferented

-Pf#. 15. Sample areas fro m  the en larged photographs used in  the
c o n s tru c tio n  o f  the f ib r e - s iz e  h istogram s shown in  F ig s .12, 
13 and 14. The samples in  the r ig h t  column are fro m  the  
d e -a ffe re n te d  nerves. The c o n tro ls  ojfi the l e f t  are fro m  
the opposite  s ide  o f  the same an im a l.
(A ) g e n ito -a n a l branch;  (b )  d o rs a lis  pe n is  branch;
(c) p e lv ic  nerve .



Fig* 16, A general view o f  the apparatus s tand ing  o u ts id e  the w ire  
screen ing . The fo llo w in g  can be se e n :- loud -speake r,
double-beam d is p la y  u n i t  w ith  camera mounted, s t im u la to r ,  
p e n -a m p lif ie rs , tim in g  u n it ,  power packs and b a t te r ie s .
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F ig , 17, The Ediswan p e n -reco rde r w ith  the Palmer e le c t r ic  kymograph 
used to d r iv e  the paper.



F ig . 18. The d i f f e r e n t  types o f  re c o rd in g  e le c tro d e s  used. On 
the l e f t  b i-p o la r  muscle re c o rd in g  e le c tro d e s , in  the  
cen tre  a patr* o f  u n i-p o la r  muscle re co rd in g  e le c tro d e s  
and on the r ig h t  the e le c tro d e s  used f o r  re c o rd in g  
from, nerve f ib r e s .



F ig . 19, The m in ia tu re  f l u i d  s t im u la t in g  e le c tro d e s



B a llo o n  ho lde rs  and cannulae . From l e f t  to r i g h t : -  
tandem b a llo o n  ho lde rs , a sm all b a llo o n  h o ld e r used 
on the end o f  a rubber tube, a tw in -channe l u re th ra l 
cannula and a second lo n g e r s e t o f  tandem b a llo o n  
ho lders  w ith  a b a llo o n  t ie d  on*



F ig . 21. The volume re co rd e r in  c lose  up, showing the f l o a t  w ith  
the s ide  arm moving in  the g ly c e r in e -s a lin e  trou gh .



Fig* 55. The e le c tro n ic  transducer manometer.
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F ig , 23, A sca le  diagram  showing the c o n s tru c tio n  o f  the  
transducer manometer.
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F ig . 24 . A diagram  o f  the experim enta l se t-u p  used to in v e s t ig a te  
the r e f le x  behaviour o f  the e x te rn a l anal s p h in c te r  and 
the sensory in n e rv a t io n  o f  the anal ca n a l.
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Fig* 25 . Decerebrate male c a t;  o s c illo g ra p h  records o f  re s t in g  
tone recorded from, the e x te rn a l anal s p h in c te r ;
(A ) a reco rd  showing the a c t i v i t y  o f  a s in g le  m otor u n i t  
d is ch a rg in g  a t  12 im pu lses/sec, (B ) a re co rd  showing 
seve ra l a c t iv e  motor u n i ts . A d ischarge o f  the second 
type was used in  most o f  the records made w ith  the pen- 
re c o rd e r . Records read from, l e f t  to  r ig h t *



D ecerebrate fem ale c a t ;  p e n -o s c illo g ra p h  re co rd  fro m  the  
e x te rn a l anal s p h in c te r . Between the arrows the circum ­
anal s k in  was s tim u la te d  w ith  the p o in t  o f  a sharp need le . 
Note the increase in  the d ischarge (th e  anal r e f le x ) .  
Record reads fro m  l e f t  to r ig h t . Time = 1 sec .

t
 h h_

Decerebrate fem ale c a t ;  p e n -o s c illo g ra p h  re co rd  fro m  the 
e x te rn a l anal s p h in c te r , Between the arrows p ressu re  was
a p p lie d  over the lo w e r a n te r io r  abdominal w a ll .  Note the  
increase  in  the d ischa rge . Record reads fro m  l e f t  to
r ig h t . Time » 1 sec*
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F ig . 28. Decerebrate male c a t;  p e n -o s c illo g ra p h  reco rd  taken fro m  the 
e x te rn a l ana l s p h in c te r  w h ile  a fo re ig n  body (a  thermometer 
lu b r ic a te d  w ith  v a s e lin e )  was in tro d u ce d  in to  the anal canal 
fro m  w ith o u t.  Note the i n i t i a l  b u rs t o f  a c t i v i t y  which is  
fo llo w e d  by a p e r io d  o f  reduced d ischarge before  the to n ic  
a c t i v i t y  reappears. Record reads fro m  l e f t  to  r ig h t .  Time = 1 sec.

.K>v .KK . ix.

F ig , 29. Decerebrate male c a t ;  (A ) p e n -o s c illo g ra p h  re co rd  fro m  the
e x te rn a l anal s p h in c te r ;  (B)  p ressure  in  c o lo n ic  b a llo o n  (an  
upward d e f le c t io n  in d ic a te s  an increase  in  p ressu re ) .  The
b a llo o n  had been in f la te d  to 60 mm Hg two m inutes be fore  the 
reco rd  was taken and the pressure  was m a in ta ined • E v e n tu a lly  
a rd e fa e c a tio n 1 response s e t in  and the b a llo o n  was e x p e lle d  
th rough the ana l canal a t  the time in d ic a te d  by the f a l l  in  
pressure  shown in  th is  re co rd . Note the b u rs ts  o f  s p h in c te r  
a c t i v i t y  w hich accompany the passage o f  the b a llo o n  through  
the anal cana l. Record reads fro m  l e f t  to r ig h t .  Time -  1 sec.



Fig. 30. Decerebrate female cat; (A) pen-oscillograph record from
the external anal sphincter; (B) pressure in a balloon lying 
in the colon 5 cm from the anus (an upward deflection indicates 
an increase in pressure). The balloon was inflated to a
pressure of 20 mm Hg from a reservoir of air. Note the
inhibition of the discharge from the sphincter when the pressure
is raised. Record reads from left to right. Time = 1 sec.

Fig. 31. Decerebrate female cat; (A) pen^oscillograph record from, the 
external anal sphincter; (b) pressure in a balloon lying in 
the colon (an upward deflection indicates an increase in 
pressure). The balloon was gradually inflated to a pressure 
o f  60 nrn-Hg using hand bellows. Note the reduction in the 
number o f  motor u n its  f i r i n g  and the re d u c tio n  in  f i r i n g  
frequency  o f  the in d iv id u a l u n its .  Record reads fro m  l e f t  
to  r ig h t .  Time = 1 sec.



F ig , 32, D ecerebrate mole c a t ;  (A ) p e n -o s c il lo  graph re co rd  fro m  the 
e x te rn a l anal s p h in c te r ;  - (b )  p ressu re  in  a b a llo o n  ly in g  in  
the co lon  (an upward d e f le c t io n  in d ic a te s  an increase  in  
p re s s u re ). The b a llo o n  was in f la te d  us ing  hand be llow s to  
a pressure  o f  30 mm Hg, Note the increase  in  s p h in c te r  
a c t i v i t y  which accompanies the d is te n s io n  o f  the co lon  and 
precedes the in h ib i t io n  o f  s p h in c te r  a c t iv i t y .  Record reads 
fro m  l e f t  to r ig h t .  Time = 1 sec.

t r I

F ig , 33, Decerebrate male c a t ;  p e n -o s c il lo  graph re co rd  fro m  the 
e x te rn a l anal s p h in c te r . Between the arrows a d e f la te d  
b a llo o n  on a m etal b a llo o n  h o ld e r was moved to and f r o  
w ith in  the c o lo n , Note th a t  movement w i th in  the co lon ,
w ith o u t d is te n s io n , is  an e f fe c t iv e  s tim u lu s  to s p h in c te r  
in h ib i t io n .  Record reads fro m  l e f t  to r ig h t .  Time -  1 sec.
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F ig . 34. Decerebrate fem ale c a t ;  the response o f  the e x te rn a l anal 
s p h in c te r  to p ro longed d is te n s io n  o f  the c o lo n . A b a llo o n  
ly in g  in  the co lon  was in f la te d  to 20 mm Hg and m a in ta ined  
a t  th is  phesstere. (A ) in f l a t i o n  o f  the b a llo o n ; the upper 
reco rd  is  a p e n -o s c il lo  graph re co rd  fro m  the e x te rn a l anal 
s p h in c te r , the low er l in e  is  the pressure  in  the b a llo o n  
ly in g  in  the co lon  (an upward d e f le c t io n  in d ic a te s  an 
increase in  p re s s u re ) ; (B)  p e n -o s c illo g ra p h  reco rd  o f  the
d ischarge a f te r  30 seconds; (c) p e n -o s c illo g ra p h  reco rd  o f  
the d ischarge a f te r  1 m inu te ; (D)  p e n -o s c illo g ra p h  reco rd  
o f  the d ischarge  a f te r  1 m inute 30 seconds; (E ) pen- 
o s c illo g ra p h  reco rd  o f  the d ischarge  a f te r  2 m inu tes . Note  
th a t the d ischarge  fro m  the s p h in c te r  g ra d u a lly  re tu rn s  to  
i t s  normal le v e l , a lth o u g h  the d is te n s io n  o f  the co lon  is  
being m a in ta ined . Records re a d .fro m  l e f t  to  r ig h t •
Time ~ 1 sec .
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F ig . 35. Decerebrate male c a t ;  (A)  p e n -o s c illo g ra p h  reco rd  fro m
the e x te rn a l u re th ra l s p h in c te r ;  (b )  p e n -o s c illo g ra p h
reco rd  fro m  the e x te rn a l anal s p h in c te r ;  (c) in t r a - v e s ic a l 
pressure  w ith  c a l ib r a t io n  in  cm H O ; (d)  change in  b ladde r 
volume. R a is in g  the re s e rv o ir  f i l l s  the b ladde r u n t i l  
r e f le x  b ladder c o n tra c t io n  se ts  in  as shown by the sharp  
r is e  in  in tro ,-v e s ic a l p re ssu re . Note th a t disappearance  
and reappearance o f  a c t i v i t y  occur in  bo th  s p h in c te rs  
s im u lta n e o u s ly . Record reads fro m  l e f t  to r ig h t . Time = 10 secs .



Ntg* 36• Decerebrate fem ale c a t a f te r  the s p in a l cord has been t ie d  
a t  the low er th o ra c ic  le v e l ;  (A ) p e n -o s c illo g ra p h  re co rd  
from, the e x te rn a l anal s p h in c te r ;  (b )  p ressure  in  c o lo n ic  
b a llo o n  Can upward d e f le c t io n  in d ic a te s  an increase  in  
p re s s u re ). The p ressu re  was ra is e d  to 30 mm Hg. Note the 
p o s t - in h ib i to r y  b u rs t o f  a c t i v i t y  which is  c h a ra c te r is t ic  
o f  the s p in a l p re p a ra tio n . Record reads fro m  l e f t  to 
r ig h t .  Time = 1 sec .

B

_K _

N ig. 37. Decerebrate fem ale c a t a f te r  the s p in a l cord has been t ie d  
a t  the low er th o ra c ic  le v e l ;  (A ) p e n -o s c illo g ra p h  reco rd  
fro m  the e x te rn a l anal s p h in c te r ;  (b )  p ressu re  in  c o lo n ic  
b a llo o n  Can upward d e f le c t io n  in d ic a te s  an increase  in  
p re s s u re ). Note the rhy th m ic  c o n tra c tio n s  o f  the e x te rn a l 
s p h in c te r  which occur in  some s p in a l p re p a ra tio n s  and the  
f a c t  th a t  these are in h ib ite d  by c o lo n ic  d is te n s io n •
Record reads fro m  l e f t  to r ig h t , Time = 1 sec.



F ig . 38. Decerebrate male c a t;  the e f fe c t  o f  nerve s e c t io n  on the 
response o f  the e x te rn a l anal s p h in c te r  to d is te n s io n  o f  
the co lon . I n  each case the upper reco rd  is  the pen- 
o s c illo g ra p h  reco rd  from, the e x te rn a l a,nal s p h in c te r , w h ile  
the lo w e r re co rd  shows the p ressure  in  a b a llo o n  ly in g  in  
the co lon  (an upward d e f le c t io n  in d ic a te s  an increase in  
p re s s u re ). (A ) normal response (p ressure  40 mm Hg) ;
(? )  a f te r  d e s tru c t io n  o f  the lumbar sym pathetic  o u tf lo w  
(p ressu re  20 mm Hg); (c) a f te r  s e c t io n  o f  the p e lv ic  nerves 
(p ressu re  100 mm Hg). Note th a t  the p ressu re  re q u ire d  to  
produce in h ib i t io n  o f  the e x te rn a l anal s p h in c te r  is  reduced 
a f te r  d e s tru c t io n  o f  the sym pathe tic  o u tf lo w , w h ile  a f te r  the 
p e lv ic  nerves have been c u t d is te n s io n  o f  the co lon  no lo n g e r  
leads to in h ib i t io n  o f  the e x te rn a l anal s p h in c te r . Records 
read fro m  l e f t  to r ig h t .  Time = 1 sec.
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F ig . 39. A diagram  o f  the experim enta l se t-u p  used to in v e s tig a te
the re f le x e s  fro m  the b ladder to  the e x te rn a l s p h in c te r  o f  
the u re th ra •
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F ig . 40. The apparatus used f o r  the s im ultaneous re c o rd in g  o f  changes 
in  b ladder p ressu re  and in  b ladde r volume, showing the 
re s e rv o ir  mounted on an a d ju s ta b le  stand, the volume reco rde r, 
the manometer, the p ressure  standard  f o r  c a l ib r a t io n  which is  
connected to the manometer through a system o f  Haps and the 
cannula f o r  in s e r t io n  in to  the b ladder fro m  the p rox im a l 
u re th ra . Note th a t the p u l le y  system f o r  re co rd in g  re s e rv o ir
h e ig h t is  no t shown•
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Fig. 41 o The e f fe c t  o f  the u re th ra l c lo s in g  mechanisms on the f lo w  o f  
f l u i d  a long  the u re th ra . The re c o rd  is  produced by a volume 
recorded connected to the a i r - i n l e t  o f  the re s e rv o ir  and 
in d ic a te s  the to ta l  volume which has passed a long  the u re th ra  
p lo t te d  a g a in s t tim e. The re s e rv o ir  is  in  each case 60 cm 
above the b ladde r. B o th  pudendal nerves have been c u t.  I n  
each case s t im u la t io n  o f  the nerve is  c a r r ie d  ou t w ith  1 msec 

v pu lses, w ith  the vo lta g e  a d ju s te d  to be ju s t  above th a t
necessary to produce the maximum, m echanical response. A l l  
records read fro m  l e f t  to  r ig h t .  Time = 1 0  secs.

(A.) Flow a long  the u re th ra  on opening the tap .

(B)  S t im u la t io n  o f  the p e r ip h e ra l end o f  the c u t l e f t  pudendal
- nerve a t  20 /sec . on two occasions f o r  the p e r io d s  in d ic a te d  

by the arrow s.

( c )  S t im u la t io n  o f  the p e r ip h e ra l end o f  the c u t l e f t  pudendal 
~ nerve f o r  the period, in d ic a te d  by the a rrow s. The fre q u e n c y  

was zero  a t  the s t a r t  o f  s t im u la t io n  and, was g ra d u a lly  
increased to 2 0 /sec. Note the sudden a r re s t  o f  the f lo w  
which accompanied the onset o f  te ta n ic  c o n tra c t io n  o f  the 
e x te rn a l s p h in c te r .

(D ) S t im u la t io n  o f  the p e r ip h e ra l end o f  the c u t h y p o g a s tr ic
- nerves a t  50 /sec . Note th a t the a r re s t in g  o f  f lo w  and 

resum ption o f  f lo w  is  le s s  a b ru p t than w ith  s t im u la t io n  
o f  the pudendal nerde.
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F ig , 42. Decerebrate male c a t;  o s c illo g ra p h  reco rds  o f  r e s t in g  
tone recorded fro m  the e x te rn a l u re th ra l s p h in c te r ;
(A ) a reco rd  showing the a c t i v i t y  o f  a s in g le  m otor u n i t  
d is c h a rg in g  a t  20 im pu lses /sec ; (B ) a re c o rd  showing 
the a c t i v i t y  o f  two motor u n its , one d is c h a rg in g  a t  
18 im pulses/sec. and the o th e r d is c h a rg in g  a t  8 im p u ls e s / 
sec. Records read fro m  l e f t  to  r ig h t .  A d ischarge  o f  
the second type was used in  most o f  the reco rds  made 
w ith  the p e n -re c o rd e r.
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F ig . 43. Decerebrate male c a t ;  (A ) p e n -o s c illo g ra p h  re co rd  fro m  
the e x te rn a l u re th ra l s p h in c te r ;  (B ) in t r a - v e s ic a l  
pressure  w ith  c a l ib r a t io n  in  cm HgO;- (c) change in  
b ladder volume w ith  c a l ib r a t io n  in  m l; (D ) h e ig h t o f  
re s e rv o ir  above the b ladde r. Note th a t  re d u c tio n  in  
s p h in c te r  a c t i v i t y  precedes the r is e  i ] i  b ladde r p ressu re  
by app ro x im a te ly  25 seconds. Record reads fro m  l e f t  to  
r ig h t .  Time *  10 secs.
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Nig. 44. Decerebrate male c a t ,* f.4} p e n -o s c illo g ra p h  record  from  the
e x te rn a l u re th ra l s p h in c te r ;  (b )  in t ra -v e s ic a l pressure
w ith  c a l ib r a t io n  in  cm -#£0; ( c )  change in  b ladder volumej
(d)  h e ig h t o f  re s e rv o ir  above the b ladde r. Note the 
increase in  s p h in c te r  a c t iv i t y  which accompanies the e a r ly  
stages o f  b ladder f i l l i n g  and precedes the in h ib i t io n  o f  
s p h in c te r  a c t i v i t y . Record reads fro m  l e f t  to r ig h t .
Time = 1 0  secs.



F ig , 45, Decerebrate male c a t ;  (A ) p e n -o s c illo g ra p h  record  from  
the e x te rn a l u re th ra l s p h in c te r ;  (B)  in tra -v e s ic a l 
pressure  w ith  c a l ib r a t io n  in  cm HpO;- ( c )  change in  
b ladder volume. Note th a t b ladder c o n tra c tio n  i s  is o m e tr ic  
since the o u tf lo w  fro m  the b ladder is  c losed and th a t  
re d u c tio n  in  s p h in c te r  a c t iv i t y  occurs w ith o u t any change 
in  the volume o f  the b ladde r. Record reads fro m  l e f t  to  
r ig h t .  Time = 1 0  secs.
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F ig . 46. Decerebrate male c a t a f te r  the s p in a l cord has been cu t
a t  the low er th o ra c ic  le v e l ;  (A)  p e n -o s c illo g ra p h  reco rd  
from, the e x te rn a l u re th ra l s p h in c te r ;  (b )  in t r a - v e s ic a l  
pressure  w ith  c a l ib r a t io n  in  cm, HgO; (c)-change in  
b ladde r volume w ith  c a l ib r a t io n  in  m l; (d)  h e ig h t o f  
re s e rv o ir  above the b ladde r. Note th a t  r e f le x  c o n tra c t io n  
o f  the b ladder is  absent bu t re d u c tio n  in  s p h in c te r  
a c t i v i t y  accompanies pass ive  d is te n s io n  o f  the b ladde r. 
Record reads fro m  l e f t  to r ig h t . Time - 1 0  secs .
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F ig . 47. Decerebrate fem ale c a t w ith  b ladder empty; (A) p e n -o s c il lo ­
graph reco rd  fro m  the e x te rn a l u re th ra l s p h in c te r ;
(b )  in t r a - v e s ic a l p re ssu re ; ( c )  volume o f  f l u i d  which has 
flo w e d  a long the u re th ra  (th e  slope o f  the l in e  a t  any p o in t  
in d ic a te s  the ra te  o f  f lo w  a t  th a t p o in t ) ;  (D) pressure  
a p p lie d  to d is ta l  u re th ra . Note th a t in c re a s in g  pressure  
a p p lie d  to the d is ta l  u re th ra  induces a c t iv i t y  in  the e x te rna l 
u re th ra l s p h in c te r  corresponding to the increase in  pressure. 
Flow a long  the u re th ra  s ta r ts  when the pressure reaches 50 cm 
H2 O bu t continues as the pressure is  reduced and w h ile  the 
e x te rn a l s p h in c te r  is  s t i l l  a c t iv e .  Record reads from  l e f t  
to r ig h t .  Time = 1 0  secs.
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F ig , 48, Decerebrate male c a t;  p e n -o s c illo g ra p h  records from  the 
e x te rn a l u re th ra l s p h in c te r;  (A ) movement o f  a p iece o f
smooth po ly thene  tub in g  in  the u re th ra  f o r  the pe riods  
in d ic a te d  by the arrows;  (b)  d is te n s io n  o f  a sm all ba lloon
ly in g  in  the u re th ra  w ith in  the e x te rn a l sp h inc te r f o r  the 
p e rio d s  in d ic a te d  by the arrow s . Records read from  l e f t  
to  r ig h t , Time = 1 0  secs,
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F ig • 49, Decerebrate male cod a f te r  the p e lv ic  nerves have been c u t;
p e n -o s c illo g ra p h  reco rd  fro m  the e x te rna l u re th ra l s p h in c te r , 
Between the arrows water was fo rc e d  a t  a pressure o f  60 cm 
HgO, d i s t a l l y  a long the u re th ra . Note the rhythm ic  
c o n tra c tio n s  o f  the e x te rn a l u re th ra l s p h in c te r . F lu id
escaped in  s p u r ts , Record reads from  l e f t  to r ig h t ,
Time = 1 0  secs,
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F ig . 50. Decerebrate fem ale c a t;  (A ) p e n -o s c illo g ra p h  record  from
the e x te rn a l u re th ra l s p h in c te r ; (b )  in tra -v e s ic a l pressure 
w ith  c a l ib r a t io n  in  cm HgO; (c) change in  b ladder volume.
The u re th ra  was t ie d  d i s t a l l y ;  -a t  the times and, f o r  the 
d u ra tio n s  in d ic a te d  by the v e r t ic a l d o tte d  l in e s  the pressure  
in  the d is ta l  u re th ra  was ra is e d  a b ru p tly  to 60 cm HgO by 
opening a tap . Note th a t the response o f  the e x te rna l 
u re th ra l s p h in c te r  to d is te n s io n  o f  the u re th ra  d ies  ou t as 
the b ladder f i l l s  and reappears as the b ladder empties. 
Record reads fro m  l e f t  to r ig h t .  Time - 1 0  secs.



F ig . 51. Decerebrate male c a t;  (A ) p e n -o s c illo g ra p h  record from  
the e x te rn a l u re th ra l s p h in c te r ;  (b )  in tra ,-v e s ic a l
p ressure  (an upward d e f le c t io n  in d ic a te s  an increase in  
pressure ) ;  ( c )  change in  b ladder volume. F lu id  is  
runn ing  s lo w ly  in to  the b ladde r; a t  the times and f o r  
the p e rio d s  shown by the v e r t ic a l do tted  l in e s , the 
d is ta l  ure thra , was suddenly d istended by a pressure o f  
40 cm I n  the f i r s t  ins tance  there was no
c o n tra c tio n  o f  the b ladder and the a c t iv i t y  o f  the 
e x te rn a l s p h in c te r  was g re a t ly  augmented. I n  the second 
in s tan ce , when the b ladder was somewhat f u l l e r , d is te n s io n  
o f  the u re th ra  i n i t i a l l y  augmented the a c t iv i t y  o f  the 
e x te rn a l s p h in c te r bu t when the b ladder responded by 
c o n tra c tin g , the a c t i v i t y  o f  the e x te rn a l s p h in c te r ceased. 
Record reads fro m  l e f t  to r ig h t . Time = 1 0  secs.
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F ig . 52 • Decerebrate male c a t ;  (A ) p e n -o s c illo g ra p h  record from 
the e x te rn a l u re th ra l s p h in c te r ;  (b) volume of fluid
which has flo w e d  a long the u re th ra  (th e  slope of the line 
a t  any p o in t  in d ic a te s  the ra te  o f f lo w  a t  that point);
( c )  in t r a - u re th ra l pressure  (an upward d e f le c t io n  
in d ic a te s  an increase in  p re ssu re ). The re s e rv o ir  
connected to the d is ta l  u re th ra  was g ra d u a lly  ra ise d . 
R e fle x  b ladde r c o n tra c tio n  developed (n o t shown in  th is  
re c o rd ) and le a d  to in h ib i t io n  o f  the e x te rn a l u re th ra l 
s p h in c te r . Note the sudden onset o f  f lo w  a long the 
u re th ra  when the e x te rn a l u re th ra l s p h in c te r is  in h ib ite d  
and. the sharp drop in  in t r a - u re th ra l pressure which  
occurs a t  the same tim e. Note a lso  th a t when a c t iv i t y  
re tu rn s  to the e x te rn a l s p h in c te r, i t  is  a t  f i r s t  rhythm ic  
and leads to f lu c tu a t io n s  in  in t r a -u re th ra l pressure . 
Record reads fro m  l e f t  to r ig h t .  Time = 10 secs.
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F ig , 53, Decerebrate fem ale c a t;  e f fe c t  o f  c o n tra c tio n  o f  the 
e x te rn a l u re th ra l s p h in c te r  on the b ladde r, (A ) and 
(c) in t r a - v e s ic a l pressure  w ith  c a l ib ra t io n  in 'cm  HgO 
(an upward d e f le c t io n  in d ic a te s  an increase in  p re ssu re ); 
(B)  and (D ), change in  b ladder volume. I n  each case, - 
f o r  the p e r io d  in d ic a te d  by the arrows, the p e r ip h e ra l 
end o f  the c u t l e f t  pudendal nerve was s tim u la te d  w ith
1 msec pu lses o f  supra-maximal vo ltage  a t  2 0 /sea causing  
c o n tra c t io n  o f  the e x te rn a l u re th ra l s p h in c te r ; the o the r 
pudendal nerve was in ta c t .  Note th a t c o n tra c tio n  o f  the 
b ladde r accompanies c o n tra c tio n  o f  the s p h in c te r and th a t 
the p ressure  developed in  th is  way may be g re a te r than 
th a t  developed in  response to f i l l i n g  the bladder and may 
be produced a t  a time when the c o n tra c tio n  o f  the b ladder 
in  response to f i l l i n g  is  passing o f f .  Records read 
fro m  l e f t  to r ig h t .  Time = 1 0  secs.
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Pig* 54, Decerebrate male c a t;  (A ) pen -o sc i11ograph record  from
the e x te rn a l u re th ra l s p h in c te r ;  (b )  p e n -o s c illo g ra p h
reco rd  fro m  the e x te rn a l anal s p h in c te r ; ( c )  pressure  
in  c o lo n ic  b a llo o n  (an upward d e f le c t io n  in d ic a te s  an 
increase in  p re s s u re ). The pressure was ra ise d  to 
60 man Eg, Note th a t changes in  a c t iv i t y  occur in  both  
s p h in c te rs  s im u ltan eous ly . Record reads fro m  l e f t  to 
r ig h t .  Time = 1 0  secs.
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P ig, 55, View o f  the p re p a ra tio n  d u rin g  the d is s e c tio n  f o r  reco rd ing  
f ro m  do rsa l ro o t f ib r e s .  The t a i l  has been d is -a r t ic u la te d  
a t  the sacro-cauda l ju n c t io n  and the s h in  edges s t itc h e d  to 
a brass r in g .  B i la te r a l  lam inectomy has been c a rr ie d  ou t 
over L6, L7 and. the sacrum, and the e x tra -d u ra l f a t  removed. 
The dura has n o t y e t been opened. The do rsa l aspect o f  the 
d is ta l  rectum  and ana l canal has been exposed and the branches 
o f  the sa c ra l p lexus on the l e f t  s ide  d issec ted . Note the 
r e la t io n s  o f  the va rio u s  lumbar and sa c ra l sp in a l ro o ts  to 
one ano ther, and the wide access g iven  to  the anal reg ion  
by the d o rsa l approach.

S 2 ---------

S 3 ---------

S c ia t ic  Nerve — __ _

Pudendal Nerve --------

P e rin e a l B ranch --------

D o rs a lis  Penis  — -  —  
Branch

G enito -ana l "" "  
Branch

Rectum'
E x te rna l 

Anal S p h in c te r



F ig . 56 . Eosamples o f  some o f  the in s trum en ts  used in
d iv is io n  o f  the d o rsa l ro o t  in to  f in e  s tra n d s . 
From l e f t  to r ig h t :  W atch-makers1 fo rc e p s ,
g lass  hook, f in e  mounted k n ife ,  mounted needle  
and d u ra l s c is s o rs .
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58, Graph o f  the a l te r a t io n  in  d ischarge frequency  o f  a 
s in g le  s lo w ly  adap ting  re c e p to r in  the anal re g io n  
d u rin g  the p e r io d  o f  20 seconds fo llo w in g  the 
i n f la t io n  o f  a b a llo o n  in  the anal canal to va riou s  
p re s s u re s :-  (A ) re s t in g  d ischa rge ;  (b )  pressure
10 mm Eg; (c )-p re s s u re  20 nun Eg; ( d) - p ressure  30 mm 
Eg; (e )  p ressure  40 mm Eg, The fu l l - p re s s u re  was 
reached a t  zero time in  each case and was m ain ta ined  
cons tan t d u rin g  the subsequent 20 seconds. Note the 
s im ila r  fo rm  o f  the adap tion  curve in  each case.
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F ig , 59, Graph o f  the r e la t io n  between the p ressu re  in  a b a llo o n  
ly in g  w ith in  the ana l canal and the adapted d ischarge  
fre g u e n c ie s  recorded, 20 seconds a f te r  the a p p lic a t io n  
o f  the pressure , from, two s lo w ly  adap ting  re ce p to rs  in  
the anal re g io n ,



D

F ig . 60. O s c illo g ra p h  records o f  d ischarges in  the sa c ra l do rsa l 
ro o ts  a f te r  s e c t io n  o f  a l l  the branches o f  the sa c ra l 
p lexus except the pudendal nerves. A l l  records were 
taken a t  the same paper speed. A b a llo o n  ly in g  w ith in  
the anal canal was in f la te d  to the p ressures in d ic a te d  
20 seconds before  each reco rd  was taken„
(A ) pressure  10 mm Eg; (b)  p ressure  20 mm Eg;
(C) pressure  30 rm Eg; (D) p ressure  40 rm Eg;
(E ) p ressure  50 mm Eg.
A l l  records read fro m  l e f t  to r ig h t .
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F ig . 61. Graph o f  the a l te r a t io n  in  the d ischarge frequency o f  
a s in g le  s lo w ly -a d a p tin g  re c e p to r in  the anal re g io n  
d u rin g  the in f l a t i o n  o f  a b a llo o n  ly in g  in  the anal 
canal to a p ressure  o f  40 mm Hg. The upper reco rd  shows 
the changes in  pressure w ith in  the ba lloon , the low er 
reco rd  shows the; freq uency  o f  d isch a rg e . Note the 
re s t in g  d ischarge  and i t s  g radual reappearance a f te r  the 
pressure  ho,s dropped to  zero .
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F ig , 62. Graph o f  the a l te r a t io n  in  d ischarge frequency  o f  a s in g le  
s lo w ly  adap ting  re c e p to r in  the anal re g io n  d u rin g  the 
i n f la t io n  o f  a b a llo o n  ly in g  in  the ana l canal to a pressure  
o f  60 mm Hg, The upper recordI shows the ra te  o f  develop­
ment o f  p ressure  w ith in  the b a llo o n  a t  two d i f f e r e n t  ra te s :  
continuous l in e  ra p id  development, d o tte d  l in e  slow  
development. The low er record\ shows the freq uency  o f  the
response: continuous l in e  to ra p id  development o f  pressure, 
d o tte d  l in e  to slow development o f  p ressu re . Note th a t  the 
f i n a l  adapted d ischarge freq uency  is  the same in  each case, 
w h ile  the peak d ischarge freq uency  is  la rg e ly  a fu n c t io n  o f  
the ra te  o f  a p p lic a t io n  o f  the s tim u lu s .
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F ig* 63. O s c illo g ra p h  records o f  d ischarges in  the sa c ra l do rsa l 
ro o ts  a f te r  s e c t io n  o f  a l l  the branches o f  the sa c ra l 
p lexus  except the pudendal nerves. I n  each case a 
b a llo o n  in f la te d  to 30 mm Eg l i e s  w ith in  the anal cana l, 
The correspond ing  v e n tra l ro o t was s tim u la te d  w ith  1 msec 
p u ls e s * Note th a t  the response to s t im u la t io n  o f  the
v e n tra l ro o t  can be e i th e r  a pause in  the d ischarge , a 
b u rs t o f  im pulses fo llo w e d  by a pause, o r a b u rs t o f  
im pulses w ith o u t a pause. I t  was p o s s ib le  to o b ta in  any 
o f  these responses fro m  mast o f  the u n its  s tu d ie d  by 
a l te r in g  the experim enta l c o n d it io n s . Records read fro m  
l e f t  to r ig h t .  Time = h a l f  second,s.
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F ig . 65, O sc illo g ra p h  records o f  d ischarges in  tw igs o f  the 

sa.cral do rsa l ro o ts  a f te r  s e c t io n  o f  a l l  branches 
o f  the sa c ra l p lexus  except the pudendal nerves .

(A ) A c t iv i t y  recorded fro m  a tw ig  o f  the second 
sac ra l do rsa l ro o t  w h ile  f l u i d  was f lo w in g  through  
the u re th ra  fro m  a re s e rv o ir  60 cm above the b ladaer. 
Note the t o t a l l y  i r r e g u la r  na ture  o f  the d ischa rge ,

(B)  A c t iv i t y  recorded from, a tw ig  o f  the second 
saera l d o rsa l ro o t  w h ile  a i r  was blown a long the 
urethra.i fro m  a s y r in g e , Note the much h ighe r 
freo uency  o f  the d ischarge in  th is  case,
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P ig . 55. Graph o f  the response o f  a s in g le  u re th ra l re ce p to r  
d u rin g  the f lo w  o f  f l u i d  d i s t a l l y  a long  the u re th ra  
from, a re s e rv o ir  60 cm above the hla.dder. The tap  
connecting  the re s e rv o ir  and the cannula was opened 
a t  A and was c losed a t  B . The upper reco rd  shows 
the to ta l  volume o f  f l u i d  which has passed a long  the 
urethra , p lo t te d  a g a in s t tim e, the low er reco rd  shows 
the response o f  the re c e p to r . Note the correspondence
between the f lo w  and the d ischarge and the i r r e g u la r i t y  
o f  the d ischarge fre q u e n cy .
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F ig , 67. Graph o f  the response o f  a s in g le  u re th ra l re c e p to r  
d u rin g  the f lo w  o f  f l u i d  d i s t a l l y  a long the u re th ra  
fro m  a re s e rv o ir  60 cm above the b ladde r. The 
upper reco rd  shows the to ta l  volume o f  f l u i d  which 
has passed a long the u re th ra  p lo t te d  a g a in s t time, 
the low er reco rd  shows the response o f  the re c e p to r. 
From A to B the second sa c ra l v e n tra l ro o t  o f  the 
same s ide  was s t im u la te d  w ith  1 msec pu lses o f  supra­
maximal vo ltag e  a t  a freq uency  o f  1 6 /se c ., thus 
p roduc ing  a te ta n ic  c o n tra c t io n  o f  the e x te rn a l 
s p h in c te r  muscle and so s topp ing  the f lo w .  A t C the 
tap connecting  the re s e rv o ir  to the cannula was c losed. 
Note the correspondence between the f lo w  and the 
d isch a rg e ,
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F ig . 68. Graph o f  the r e la t io n  between the d ischarge  frequency  
o f  a s in g le  u re th ra l re ce p to r and the ra te  o f  f lo w  o f  
f l u i d  along the u re th ra  fro m  a re s e rv o ir .  B o th  
discharge freq uency  and ra te  o f  f lo w  were c a lc u la te d  
as the average over the same ten  second p e r io d . The 
re s e rv o ir  was s e t a t  th ree  d i f f e r e n t  h e igh ts  above 
the b ladder to produce th ree  d i f f e r e n t  ra te s  o f  f lo w .



F ig . 69. A sim ple muscle s p in d le  seen in  a teased p re p a ra tio n  
o f  the e x te rn a l anal s p h in c te r  o f  the ca t, s ta in e d  
w ith  go ld  c h lo r id e . Note th a t the o n ly  sensory  
enddng p re se n t is  an a n n u lo -s p ira l ending.



F ig , 70, A complex muscle s p in d le  seen in  a teased p re p a ra tio n  o f  
the e x te rn a l anal s p h in c te r  o f  the c a t s ta in e d  w ith  go ld  
c h lo r id e . Note th a t one a n n Q lo -s p ira l end.ing and, two
f lo w e r-s p ra y  endings can be seen as w e ll as motor end- 
p la te s  on the in t r a - fu s a l muscle f ib r e s .

F low er-spray
ending.

Annul o -ss p i  r a l  
ending.

_ _ ' \ f i  ower-spray  
ending.

M otor end- 
p la te s  on 
in t r a - fu s a l 
muscle f ib r e s .



F ig . 71. A transverse  s e c t io n  through the p e r i-a n a l s h in  and
subcutaneous connective  tis s u e  o f  a fem ale ca t, s ta in e d  
w ith  haemalum and e o s in . Note the bundles o f  s t r ia te d  
muscle f ib r e s  ly in g  in  the subcutaneous tis s u e  which  
fo rm  the s u p e r f ic ia l p a r t  o f  the e x te rn a l anal s p h in c te r  
and the la m e lla te d  end-organ ly in g  in  the o u te r p a r t  o f  
th is  muscle.



F ig , 72. P a rt o f  a transverse  s e c tio n  o f  the u re thra i o f  a male ca t 
taken a t  the le v e l o f  the e x te rn a l u re th ra l sp h in c te r, 
s ta in e d  by the Masson method. I t  shows a la rg e  lom ella ted, 
re ce p to r o f  the P a c in ian  corpuscle  type ly in g  in  the p e r i ­
u re th ra l connective  t is s u e .



F ig , 73. P o rt o f  a transverse  s e c t io n  o f  the u re th ra  o f  a male
ca t taken a t  the le v e l o f  the e x te rn a l u re th ra l s p h in c te r  
near the entrance o f  the e ja cu L a to ry  ducts , and s ta in e d  
w ith  the B ie lschowsky-G ros s i l v e r  method. Note the 
three lo m e lla te d  entd-organs embedded in  the o u te r p a r t  o f  
the muscle co a t„



F ig . 74. P o rt o f  a transverse  s e c t io n  o f  the ure thra , o f  a male 
c a t a t  the le v e l o f  the e x te rn a l s p h in c te r  s ta in e d  by 
the B ie lschow sky-G ros s i l v e r  method, co u n te rs ta in ed  
w ith  haemalwn. I t  shows a group o f  lo m e lla te d  end-
organs ly in g  beneath the su rface  e p ith e liu m  a t  the 
t ip  o f  a mucosal f o ld .



Fig* 75* P o rt o f  a transverse  s e c t io n  o f  the u re th ra  o f  a male 
c a t s ta in e d  w ith  haemalum and eosin , showing a group 
o f  sm all lo m e lla te d  end-orgo,ns ly in g  a t  the t ip  o f  a 
mu.cosaT fo ld .



F ig . 76, P o rt o f  a transve rse  s e c t io n  o f  the u re th ra  o f  a male 
ca t a t  the le v e l o f  the e x te rn a l s p h in c te r  s ta in e d  by 
the B ie lschowsky-G ros s i lv e r  method, p o u n te r s ta in e d  
w ith  haemalum, showing one o f  the sm all lo jm ello.ted end 
organs in  cross s e c tio n  and p a r t  o f  the nerve f ib r e  
su p p ly in g  i t .



Fig* 77* A teasedI p re p a ra tio n  o f  the u re th ra l mucosa o f  a male
c a t s ta in e d  w ith  go ld  c h lo r id e , showing a sm all lo m e lla te d  
erid organ*


