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Correlat ion Between  Recru i tment  Order of Motor  Units  and Muscle  Atrophy  Pattern in Upper  
M o t o n e u r o n e  Les ion:  S ign i f i cance  of S p as t i c i t y  

H u m a n  muscle  f ibres  are  of two  m a i n  t y p e s ;  t y p e  I 
w i t h  a low c o n t e n t  of myof ib r i l l a r  ATPase ,  t y p e  I I  w i t h  
a h igh  c o n t e n t  of th i s  e n z y m e  1. To conform w i t h  animaIs;  
t ype  I h u m a n  muscle  f ibres  m u s t  h a v e  a long c o n t r a c t i o n  
t ime  a n d  t y p e  I I  f ibres  a sho r t  c o n t r a c t i o n  t ime.  W e  h a v e  
s tud ied  t h e  order  of r e c r u i t m e n t  of m o t o r  un i t s  e lectro-  
m y o g r a p h i c a l l y  in  sub jec t s  w i t h  u p p e r  m o t o n e u r o n e  
lesions and  cor re la ted  t he  f ind ings  w i t h  a h i s tochemica l  

c l a s s i f i c a t i on  of t he  a t roph i c  muscle  f ibres  w i t h  the  a im to  
eva lua t e  t h e  s ignif icance of spas t i c i ty  for t he  use of 
d i f fe rent  types  of m o t o r  uni t s .  

The  order  of r e c r u i t m e n t  of m o t o r  un i t s  differs in  
ton ic  a n d  in phas ic  v o l u n t a r y  a c t i v i t y  in  n o r m a l  m a n  2 
as well  as in  ton ic  and  in  phas ic  ex te rocep t ive  ref lex 
a c t i v i t y  in  ' sp ina l '  m a n  8. I n  ton ic  ac t iv i ty ,  m o t o r  un i t s  
wh ich  h a v e  a low m a x i m u m  f r equency  are a lways  
rec ru i t ed  before  m o t o r  un i t s  wh ich  a t t a i n  h igher  dis- 
charge  frequencies.  I n  phas ic  ac t iv i ty ,  however ,  ' h igh  
f r equency '  m o t o r  un i t s  m a y  be  f i rs t  r ec ru i t ed  4 

The  dif ference in r e c r u i t m e n t  order,  however ,  dis- 
appea r s  on s t rong  p re -ex i s t ing  fac i l i t a t ion  of t he  mo to -  
n e u r o n e  pool3, ~, a n d  t h e  r e c r u i t m e n t  o rder  of ton ic  
ac t iv i ty  is t h e n  used also in phas ic  ac t iv i ty .  The  signifi- 
cance of ton ic  spas t i c i ty  for  r e c r u i t m e n t  order  f l ex ib i l i ty  
in a p a r a l y t i c  muscle  is d e m o n s t r a t e d  in t he  Figure .  The  
level  of ton ic  spas t i c i ty  is n o t  c o n s t a n t  a n d  i ts  role for t he  
r e c r u i t m e n t  order  can  t h u s  be  s tud ied  in e x p e r i m e n t a l  
s i tua t ions .  

The  level  o f  ton ic  spas t i c i ty  does no t  usua l ly  inf luence  
t he  r e c r u i t m e n t  o rder  in  ton ic  ex te rocep t ive  reflex 
ac t iv i ty .  The  f i rs t  f init  r ec ru i t ed  a t t a i n s  regu la r  d i scharge  
in te rva l s  be low the  f r equency  of 10 sec a n d  t h e y  should  
be of low f r equency  t y p e  (Figure  A). 

Specimen Muscle Fibres (%) < 1500 p.m ~ 
Type I Type II 

1. biceps br. 0 2 
2. biceps hr. 1 5 
3. biceps br. 0 8 
4. biceps br. 1 33 
5. biceps br. 1 12 
6, biceps br, 19 95 
7. biceps br. 3 22 

8. flex. carp. uln. 3 40 
9 .  flex. carp. uln. 0 12 

10. flex. carp. uln. 0 29 
11. flex. carp. uln. 1 35 

12. vastus lat. 1 44 
13. vastus lat. 2 23 

14. rib. ant. 2 0 
15. tib. ant. 26 5 
16. rib. ant. 30 42 
17. fib. ant. 19 33 
18. tib. ant. 40 35 

19. vastus lat. 13 13 
20. vastus lat. 33 9 
21. vastus laL 45 32 
22. vastus lat. 40 52 

23. rib. ant. 10 4 
24. fib. ant. 6 2 

25. flex. carp. uln. 55 75 

W h e n  t h e  level  of tonic  spas t i c i t y  is so h i g h  t h a t  
sus t a ined  e l ec t romyograph i c  a c t i v i t y  appea r s  a l r eady  a t  
m i n i m a l  pass ive  s t r e t ch  of t h e  muscle,  t he  f i rs t  un i t  in 
tonic  a c t i v i t y  is also t he  f i rs t  u n i t  in  phas ic  a c t i v i t y  
(Figure B) a n d  t h e  second u n i t  in  ton ic  a c t i v i t y  also the  
second u n i t  in  phas ic  ac t iv i ty .  Thus,  s t rong  tonic  spas t i c i ty  
causes  a s t e r eo typed  r e c r u i t m e n t  order  a n d  on ly  low 
f r equency  un i t s  are ava i l ab le  as low th r e sho ld  un i t s .  

W h e n  a f te r  a pe r iod  of res t  ton ic  spas t i c i ty  is less 
marked ,  a d i f fe ren t  u n i t  is f i rs t  r ec ru i t ed  in phas ic  t h a n  
in ton ic  a c t i v i t y  (Figure  C). The  f i rs t  u n i t  in  phas ic  
a c t i v i t y  usua l ly  d ischarges  on ly  once, b u t  on  s t rong  
s t imul i  i t  m a y  r e p e a t  in  sho r t  b u r s t s  (Figure  D ) .  I t s  
d i scharge  f r equency  is t h e n  h ighe r  t h a n  t h e  d ischarge  
f r equency  of t h e  f i rs t  u n i t  in  ton ic  ac t iv i ty .  I n  t he  F igure  
the  f i r s t  u n i t  in  ton ic  a c t i v i t y  d ischarges  a t  a f r equency  
of 6/sec, b u t  t he  f i rs t  u n i t  in phas ic  a c t i v i t y  a t  i n t e rva l s  
co r re spond ing  to  a f r equency  of more  t h a n  50/see. The  
r e c r u i t m e n t  order  in  non- spas t i c  pa ra lys i s  is t h u s  f lexible  
a n d  b o t h  low and  h igh  f r equency  un i t s  are ava i l ab le  as 
low t h r e s h o l d  un i t s .  

The  s t a in ing  m e t h o d  for myof ib r i l l a r  A T P a s e  b y  
PADIKULA a n d  HERMAN 6 sepa ra t e s  t he  muscle  f ibres  of 
e x t r e m i t y  muscle  in  m a n  in to  f ibres  w i t h  a low s t a ina -  
b i l i ty  k n o w n  as ' t y p e  I '  a n d  f ibres  w i t h  a h i g h  s t a i n a b i l i t y  
' t ype  I r  1 

The  size of muscle  f ibres  decreases  a f t e r  long- las t ing  
inact iv i tyT.  One way  to  q u a n t i t a t e  t h e  degree of a t r o p h y  
in muscle  b iopsy  spec imens  is to  e s t ima te  t he  cross- 
sec t iona l  a rea  of f ibres  s and  d e t e r m i n e  t he  f r equency  of 
f ibres less t h a n  1500 ~xm 2. In  n o r m a l  h u m a n  muscles  t he  
f r equency  of such  smal l  f ibres  does n o t  exceed 2% g. In  
th i s  s t u d y ,  t h e  f r equency  of a t roph i c  f ibres  is d e t e r m i n e d  
i n  muscles  w i t h  s t rong  a n d  in muscles  w i t h  w e a k  ton ic  
spas t ic i ty .  

Case 1-13 in  t he  Tab le  are biopsies  f rom muscles  w i t h  
g rea t  t e n d e n c y  to  ton ic  spas t i c i ty .  Most  of the  spec imens  
are f rom a n t i g r a v i t y  muscles  in  t he  pa re t i c  l imbs  of 
p a t i e n t s  w i t h  cerebra l  hemipares i s .  I t  is cl inical ly well 
k n o w n  t h a t  these  muscles  t e n d  to be  con t i nuous ly  spas t ic  
a f t e r  u p p e r  m o t o n e u r o n e  lesions.  

Case 14-25 in t he  Tab le  shows t h e  occur rence  of a t ro -  
ph ic  f ibres  in  b iopsy  spec imens  f rom .paretic muscles  w i t h  
weak  t e n d e n c y  to  ton ic  spas t ic i ty .  The  spec imens  are 
o b t a i n e d  f rom muscles  in ' sp ina l  m a n '  (case 14-22) or 
f rom a n t a g o n i s t s  to  a n t i g r a v i t y  muscles  in  'hemip leg ic  
m a n '  (case 23 and  24). I t  is c l in ica l ly  well  ki3own t h a t  t he  
level  of ton ic  spas t i c i ty  is lower in  these  musc les  t h a n  in 
t h e  a n t i g r a v i t y  muscles  in  hemiplegics .  There  are, 
however ,  hemip leg ic  l imbs  in wh ich  spas t i c i ty  neve r  
develops  even  in a n t i g r a v i t y  muscles.  One b iopsy  f rom 
such  a muscle  is also inc luded  (case 25). 
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Influence of the level of tonic spasticity on the recruitment order of motor units in the exteroceptive reflex. Recordings from the soleus 
muscle. Reflexes obtained by skin stimuli on the heel. A: Tonic activity. B: Phasic activity on strong tonic spastieity. C and D: Phasic 
activity on weak tonic spasticity. E: The first recruited motor unit potential in phasic and the first recruited motor unit potential in 
tonic activity discharging together, proving that they belong to different motor units. Time bar 100 msec. 

Muscles w i th  s t rong  tonic  spas t ic i ty  have  an a lmos t  
exclusive type  I I  f ibre a t rophy .  Only in one case wi th  
a t r o p h y  of near ly  all t y p e  I I  f ibres is a s ignif icant  
f rac t ion  of the  t ype  I f ibres also af fec ted  (case 6). This  
select ive a t r o p h y  of t y p e  II  muscle  fibres has earlier been  
d e s c r i b e d  b o t h  f rom upper  m o t o n e u r o n e  lesions and 
pa rk inson i sm 9, 10. 

In  the  muscles  w i th  weak tonic  spast ic i ty ,  a s ignif icant  
a t r o p h y  is found  b o t h  .within the  t y p e  I and type  I I  
f ibre group and  there  is no evidence for a selective 
i nvo lvemen t  oi one of the  f ibres types .  

The p re sen t  e lec t romyograph ic  s t u d y  of para ly t ic  
muscles  indica tes  t h a t  s t rong  tonic  spas t ic i ty  causes a 
s t e r eo typed  order  of r e c r u i t m e n t  of mo to r  units,  low fre- 
quency  uni ts  be ing recrui ted before h igh  f requency  uni ts  ir- 
respec t ive  of the  mode  of ac t iva t ion .  This  is in ag reemen t  
w i th  f indings  in decerebra te  r ig id i ty  in cat,  t h a t  small  
tonic  m o t o n e u r o n e s  are a lways recru i ted  before large 
phas ic  ones ~1. As m ax ima l  con t rac t ions  ha rd ly  occur in 
pa ra ly t i c  muscles,  some high f requency  uni ts  should be 
con t inuous ly  inact ive.  

The p re sen t  h i s tochemica l  s t u d y  of para ly t ic  muscles  
shows a select ive t y p e  I I  muscle  fibre a t r o p h y  in muscles  
w i th  s t rong  tonic  spas t ic i ty  bu t  a non-select ive  a t r o p h y  

in muscles wi th  weak tonic spast ic i ty .  This difference in 
a t r o p h y  p a t t e r n  can ha rd ly  b e  due to  any  o ther  fac tor  
t h a n  tonic  spas t ic i ty  itself. We  assume t h a t  the  selective 
a t r o p h y  of t y p e  II  muscle  f ibres is due to selective disuse 
of h igh f requency  u n i t s d i s c u s s e d  above. 

The results  also suppor t  t h e  hypo thes i s  t h a t  slow 
twi t ch  uni ts  t end  to  discharge at  a lower and  fas t  tw i t ch  
uni ts  a t  a h igher  f requency.  

Zusammenfassung. Bei einer L~ision der  zent ra len  mo- 
tor i schen  Bah n en  ha t  die tonische Spastizit~it eine stereo- 
t y p e  Rekru t i e rungso rdnung  der motor i schen  E inhe i t en  
und eine selektive Typ  I I -Fase r -At roph ie  zur Folge. 
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Hippocampal Lesions Produced by Prolonged Seizures in Paralyzed Artificially Ventilated Baboons 

Pa t i en t s  hav ing  suffered f rom epi lepsy of ten  show 
h ippocampa l  lesions descr ibed as A m m o n ' s  horn  scle- 
rosis 1, 2 or mesial  t empora l  sclerosis 3. Such lesions resemble  
those  seen af ter  episodes of cerebral  anoxia  or vascular  
insufficiency,  and i t  has  been suggested t h a t  in epi lept ics  
t h e y  are com m on ly  the  resul t  of sys temic  or local hypo x i a  
occurr ing dur ing  general ised seizure ac t iv i ty  ~, 4, 5. Expe r -  
imen ta l  s tudies  in cats  employ ing  focal in ject ions  of 
a lumina  cream or t ungs t en  have  emphas i sed  the  possible 
role of local vascular  factors  and  of local oedema6, L 
MELDRUM and  BRIERLEyS have  recen t ly  shown in 
adolescent  baboons  t h a t  seizures ( induced by  bicuculline) 
las t ing 82 to  300 rain produce  ischaemic cell change 
select ively in some neurones  of the  cortex,  cerebel lum and  
h ippocampus .  These an imals  showed severe sys temic  
d i s tu rbances  dur ing  the  seizure (MELDRUM and  HORTON 9), 
bu t  i t  was no t  possible  to eva lua te  separa te ly  the  contr i -  
bu t ions  of the  d i f ferent  sys temic  changes  and  the  cerebral  

discharges themselves .  We  have  therefore  p roduced  
prolonged convuls ions in adolescent  baboons  t h a t  are 
para lysed  and art if icial ly ven t i l a t ed  so t h a t  any  contr ibu-  
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