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Histochemical  Mapping of Motor Units  in Experimental ly  Re-Innervated Skeletal Muscle 

The he terogeneous  m a m m a l i a n  skeletal  muscle  presen ts  
h is tochemical ly  a mosaic  p a t t e r n  of fibres wi th  d i f ferent  
enzymat ic  act iv i ty .  3 main  types  of fibres have  been  
dis t inguished:  (a) f ibres wi th  low ac t iv i ty  f o r  ox ida t ive  
enzymes  of t he  Krebs  cycle, (c) f ibres wi th  h igh  enzymat i c  
ac t iv i ty  and (b) f ibres w i th  in t e rmed ia te  in tensi t ies  of 
ac t iv i ty  1. 

I t  was  shown in the  anter ior  t ib ia l  muscle  of the  albino 
r a t  t h a t  muscle cont rac t ions  elicited by  repe t i t ive  s t imula-  

t ion  of single mo to r  nerve  f ibres  in the  v en t r a l  root  
p roduced  h i s tochemica l  changes  in phosphory lase  and 
glycogen, which  p e r m i t t e d  m a p p i n g  of the  mo to r  u n i t  2. 
The m o t o r  uni t  was largely uni form as regards  h i s to -  
chemical  f ibre type .  The fibres lay scat tered,  isolated or 
a few toge the r  and  the  d i f ferent  uni ts  were h ighly  inter-  
mingled  a. 

The m e t h o d  of h i s tochemica l  m a p p i n g  has now been  
appl ied to  t he  mo to r  uni t  in re innerva t ion .  Knowledge  

Serial sections o[ normal anterior tibial muscle (a, b), after nerve transection and reunion (c, d), nmscle reinnervated by collateral sprouting 
after L~ section (e, f). a, c, e, incubated for succinic dehydrogenase; b, d, f, stained for glycogen by the PAS method. • 130. (a) Normal mosaic 
pattern; (b) part of a normal type A motor unit with scattered fibres. Only 1/5 of the unit is accommodated ill the photomicrograph; (c) shows 
type-grouping; (d) one of the groups represented by the whole motor unit of compact fibre distribution; (e) showing some group-typing; 
(f) part of a multiple Muster type of unit. Open circles indicate identical fibres in paired serial sections. 
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of t he  a n a t o m i c a l  o r gan i za t i on  of t he  m o t o r  un i t  is 
essent ia l  for a n  u n d e r s t a n d i n g  of ce r t a in  fea tu res  charac-  
te r i s t ic  of t h e  ful ly  or p a r t i a l l y  r e i n n e r v a t e d  muscle .  
These  inc lude  (a) f o r m a t i o n  of t y p e - g r o u p s  4-s, i.e. re- 
p l a c e m e n t  of t he  n o r m a l  mosa ic  p a t t e r n  b y  c lus ters  or 
la rger  i s lands  of h i s tochemica l ly  u n i f o r m  muscle  fibres, 
(b) t he  classical  p i c tu re  of g roup  a t rophy ,  i.e. g roups  of 
f ibres in  a u n i f o r m  s t a t e  of a t r o p h y  in t e r spaced  w i t h  
isola ted f ibres  or groups  of f ibres  of n o r m a l  or en la rged  
size, (c) increased  size a n d  d u r a t i o n  of m o t o r  u n i t  po t en -  
t ia ls  in  t h e  EMG. 

E x p e r i m e n t a l  r e i n n e r v a t i o n  was p roduced  in t he  an te -  
r ior  t ib i a l  musc le  of 10 a lb ino  r a t s  in  2 ways :  (1) The  
b i f u r c a t i o n  of t h e  sciat ic  ne rve  of 1 h i n d  l imb  was exposed 
in t h e  pop l i t ea l  fossa. The  c o m m o n  pe ronea l  n e r v e  was 
comple t e ly  t r a n s e c t e d  a n d  t he  cu t  ends  r e su tu red .  (2) The  
L 4 roo t  was  exposed  b y  l a m i n e c t o m y  a n d  resected.  This  
will cause  t h e  m o t o r  n e r v e  f ibres  in  t h e  L~ to r e i n n e r v a t e  
muscle  f ibres  n o r m a l l y  suppl ied  b y  t he  resec ted  L4 roo t  
t h r o u g h  t e r m i n a l  co l la te ra l  b r a n c h i n g  9-12. F r o m  2-4  
m o n t h s  a f te r  t he  ope ra t i on  one m o t o r  u n i t  in  t he  a n t e r i o r  
t ib i a l  musc le  of each  r a t  was  h i s tochemica l ly  m a p p e d  b y  
s t i m u l a t i o n  of a single m o t o r  ne rve  f ibre  in L~ or  L 5. The  
c o n t r a l a t e r a l  a n t e r i o r  t i b i a l  musc le  served  as control .  

Fo r  compar i son ,  t h e  n o r m a l  mosaic  p a t t e r n  of a con t ro l  
musc le  i n c u b a t e d  for succinic  d e h y d r o g e n a s e  is s h o w n  in 
F igure  la ,  as well  as p a r t  of a t y p e  A m o t o r  u n i t  com- 
posed  of 166 f ibres  w i t h i n  t he  same  area  (Figure  lb ) .  The  
f ibres  of t h e  u n i t  were  local ized b y  P A S  n e g a t i v i t y  a f t e r  
s t i m u l a t i o n  of i t s  m o t o r  n e r v e  f ibre  for 10 m i n  a t  10/sec. 
The  musc le  f ibres  be long ing  to  t he  u n i t  are wide ly  ,scat- 
t e red  a n d  on ly  ~/5 of t he  u n i t  could  be  a c c o m m o d a t e d  
w i t h i n  t he  p h o t o m i c r o g r a p h  ( •  130). 

I n  con t ras t ,  t h e  r e i n n e r v a t e d  muscle  4 m o n t h s  a f t e r  
t r a n s e c t i o n  a n d  r e u n i o n  of t he  n e r v e  shows t y p e - g r o u p i n g  
(Figure  lc).  A t yp i ca l  m o t o r  u n i t  w i t h i n  t he  same  area  
is s h o w n  in F igure  ld .  I t  is h i s tochemica l ly  h o m o g e n e o u s  
a n d  composed  of 160 A fibres.  The i r  d i s t r i b u t i o n  is m u c h  
more  c o m p a c t  t h a n  in t he  n o r m a l  u n i t ,  wh ich  pe rmi t s  
d i sp lay  of t h e  en t i r e  u n i t  in  t h e  p h o t o m i c r o g r a p h  ( • 130). 
I n  t h e  sec t ion  i n c u b a t e d  for  succinic  d e h y d r o g e n a s e  
(Figure  tc) t he  m o s t  c o m p a c t  p a r t  appea r s  as a h is to-  
chemica l ly  un i fo rm  group  of fibres.  Th i s  obv ious ly  resu l t s  
in  t ype -g roup ing .  F u r t h e r m o r e ,  t h e  solid c lus te r  of f ibres  
ac ts  as a m u c h  s t ronger  s ignal  source t h a n  t he  s ca t t e r ed  
f ibres  in  t he  n o r m a l  un i t .  Consequen t ly  t he  ac t ion  po ten -  
t i a l  of t h e  u n i t  shou ld  be  large as c o m p a r e d  w i t h  t h a t  of 
a n o r m a l  u n i t  w i t h  a n  equa l  n u m b e r  of fibres. 

A muscle  whose  L4 roo t  h a d  been  sec t ioned  2 m o n t h s  
ear l ier  also showed  some t y p e - g r o u p i n g  (Figure  le) .  The  
B u n i t  f rom t h e  same  area,  p a r t  of wh ich  is s h o w n  in  
F igu re  lf ,  is, as would  be  expec t ed  f rom sprou t ing ,  com- 
posed  of a cons ide rab ly  increased  n u m b e r  of fibres,  459. 
Tile t e r r i t o r y  of t h e  u n i t  was  w i t h i n  t he  u p p e r  r ange  of 
no rma l .  The  f ibres  a p p e a r  in  smal l  c lus ters  of 5-30 fibres. 
E a c h  c lus te r  is p r o b a b l y  s i t u a t e d  in t h e  v i c i n i t y  of a 
muscle  f ibre  of t h e  or ig ina l  un i t .  This  v iew is s u p p o r t e d  
b y  t h e  fac t  t h a t  co l l a te ra l  sp rou t ing  is k n o w n  to  arise 
m a i n l y  w i t h i n  200 ~ of t h e  end  of t he  p a r e n t a l  ne rve  
fibre~L Since the  c lus ters  of f ibres  are  h i s t ochem ica l l y  
fa i r ly  u n i f o r m  th i s  aga in  resu l t s  in  type=grouping.  The  
increase  in t h e  n u m b e r  of f ibres  and  t he  dens i t y  of t he  
u n i t  as well  as t h e  t e n d e n c y  for  t h e  t e r r i t o r y  of t h e  u n i t  
to  increase  resu l t s  in  increased  a m p l i t u d e  a n d  d u r a t i o n  
of t h e  ac t ion  po ten t i a l .  

The  d i s t r i b u t i o n  of f ibres  in  t h e  m o t o r  u n i t  is more  or 
less c lear ly  s h o w n  in t h e  d i s t r i b u t i o n  of a t r o p h i c  f ibres  
in  pe r iphe ra l  m o t o r  n e u r o n e  lesions.  D e n e r v a t i o n  of a 
few m o t o r  un i t s  gives rise to  s ca t t e r ed  a t r o p h i c  musc le  
f ibres  wh ich  ref lects  t h e  d i s t r i b u t i o n  of f ibres  in  t he  

n o r m a l  m o t o r  uni t .  I n  more  mass ive  d e n e r v a t i o n  t he re  
is a conf luence  of t he  sca t t e r ed  a t r o p h i c  f ibres  of m a n y  
d e n e r v a t e d  m o t o r  un i t s  to  i r r egu la r  groups.  Since severa l  
m o t o r  un i t s  are involved ,  t h e  a t r o p h i c  f ibres  show his to-  
chemica l  h e t e r o g e n e i t y  as long as h i s tochemica l  specif ic i ty  
is r e t a i n e d  a f t e r  dene rva t i on .  W e  m a y  call  t h i s  t y p e  of 
a t r o p h y  p r i m a r y  neurogen ic  a t r o p h y .  

Seconda ry  neurogen ic  a t r o p h y  is cha rac t e r i zed  b y  
group  a t r o p h y  and  occurs  w h e n  t he  r e i n n e r v a t i o n  t ypes  
of m o t o r  un i t s  are dene rva t ed .  Since t h e  a t r o p h i c  groups  
r ep re sen t  a n  image  of a m o t o r  uni t ,  t h e y  are h i s tochemi -  
cal ly homogeneous  so long  as h i s t ochemica l  speci f ic i ty  of 
t he  f ibres  is r e ta ined .  Progress ive  m o t o r  n e u r o n e  disease 
m a y  exempl i fy  th i s .  Col la tera l  s p r o u t i n g  of s u r v i v i n g  
m o t o r  neu rones  is here  k n o w n  to be  p r o m i n e n t  la a n d  
would  fo rm the  mu l t ip l e  c lus te r  t y p e  of m o t o r  u n i t  
descr ibed  above .  W h e n  these  newly  fo rmed  un i t s  b e c o m e  
d e n e r v a t e d  as t h e  disease progresses,  s econda ry  g roup  
a t r o p h y  ensues.  I n  a m y o t r o p h i c  l a t e ra l  sclerosis t h e  
f ibres in  t h e  a t roph i c  groups  genera l ly  n u m b e r  10-5014 , 
wh ich  cor responds  well  to  t h e  n u m b e r  of f ibres  in  a 
cluster .  

The  two  types  of pa tho log ica l  m o t o r  un i t s  descr ibed  
here  are  t yp i ca l  examples .  I t  is, however ,  c lear  t h a t  large 
v a r i a t i o n s  in t h e  n u m b e r  of f ibres  a n d  t he  dens i t y  a n d  
t e r r i t o r y  of t he  un i t s  occur,  d e p e n d i n g  on  t he  n u m b e r  of  
d e n e r v a t e d  muscle  f ibres  ava i l ab le  a n d  t he  n u m b e r  of 
n e r v e  f ibres c o m p e t i n g  for t h e m  as well  as t h e  t i m e  factor .  
I t  is also p r o b a b l e  t h a t  r e i n n e r v a t i o n  does n o t  necessar i ly  
causes  changes  in t he  m o t o r  u n i t  morpho logy .  U n d e r  
f avourab l e  cond i t ions  t h e  n e r v e  f ibre  m a y  grow o u t  
en t i r e ly  in  i ts  old channels .  Fo r  example ,  t y p e - g r o u p i n g  
was no t  obse rved  in r e i n n e r v a t e d  musc les  a f t e r  ne rve  
c rush ing  s. 

Zusammen/assung. Die V e r b r e i t u n g  der  Muske l fase rn  
in den  e inze lnen  E i n h e i t e n  bet  R e i n n e r v a t i o n  wurde  
be t  R a t t e n  d u r c h  h i s t ochemische  T e c h n i k  im M. t ib ia l i s  
a n t e r i o r  u n t e r s u c h t .  Die R e i n n e r v a t i o n  n a c h  D u r c h -  
s chne iden  u n d  S u t u r  des N e r v u s  f ibular i s  e rgab  eine 
moto r i sche  E i n h e i t  m i t  e ther  k o m p a k t e n  V e r b r e i t u n g  yon  
h i s t o c h e m i s c h  e inhe i t l i chen  Muskel fasern .  Das  D u r c h -  
schne iden  der  4. L u m b a l w u r z e l  e rgab  n a c h  R e i n n e r v a t i o n  
der  d i s t a l en  i n t a k t e n  N e r v e n f a s e r n  d u r c h  t e r m i n a l e  14o1- 
l a te ra le  eine mo to r i s che  E i n h e i t  m i t  e iner  v e r m e h r t e n  
Anzah l  yon  Muskel fasern ,  die vielf~iltige G r u p p e n  bil-  
de ten .  
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