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ABSTRACT 

C l i n i c a l  observa t ions  have suggested t h a t  v i s u a l  

and aud i to ry  feedback can be used t o  improve t h e  f u n c t i o n a l  

c a p a b i l i t i e s  of a  hemiplegic p a t i e n t .  Neurophysiologis ts  

p o s t u l a t e  t h a t  the  improvement occurs  through r e - i n t e g r a t i o n  

of the  d i s tu rbed  sensory and motor pathways, Other 

i n v e s t i g a t o r s  have repor ted  an improvement i n  f u n c t i o n a l  

a b i l i t i e s  of hemiplegic p a t i e n t s  fo l lowing l o c a l  coo l ing  of 

the  s p a s t i c  limb. 

This  s tudy,  conducted on f i v e  hemiplegic p a t i e n t s ,  

i n v e s t i g a t e d  the  e f f e c t s  of v i s u a l  and a u d i t o r y  feedback on 

the  a b i l i t y  t o  produce and c o n t r o l  a s p e c i f i c  fo rce  (30% of 

MVC)  at ambient temperature and a f t e r  Local cool ing .  

Changes i n  muscular e f f i c i e n c y  before  and a f t e r  coo l ing  

were a l s o  examined. 

A s t ra in-gauge  dynamometer, used i n  conjunct ion  

wi th  the  electromyogram, provided t h e  v i s u a l  and a u d i t o r y  

feedback. Data was c o l l e c t e d  on magnetic t ape  i n  analog 

form and converted i n t o  d i g i t a l  va lues  by computer. The 

r e s u l t s  of each s u b j e c t  were t r e a t e d  i n d i v i d u a l l y .  

The a b i l i t y  t o  produce and c o n t r o l  a f o r c e  was 

determined by comparison of the  v a r i a b i l i t y  of each a t tempt  

on each t r i a l ,  and the  mean response on each t r i a l .  The 

e f f e c t  o f  temperature on muscular e f f i c i e n c y  was considered 

iii 



i n  terms of the  r e l a t i o n s h i p  between the  i n t e g r a t e d  

e.1ectromyogram and f o r c e  . 
It  was concluded t h a t  w i t h  p r a c t i c e ,  hemiplegic 

p a t i e n t s  can l e a r n  t o  produce and c o n t r o l  an i sometr ic  fo rce  

i n  a s i t u a t i o n  where v i s u a l  feedback i s  a v a i l a b l e .  Local 

coo l ing  of t h e  s p a s t i c  muscle d i d  n o t  s i g n i f i c a n t l y  a l t e r  

t h e  l e v e l  of c o n t r o l .  Changes i n  t h e  electromyogram a f t e r  

t h e  muscle had been cooled prevented a q u a n t i f i e d  

assessment of the  changes which may have occurred i n  the  

f u n c t i o n a l  s t a t e  of the  muscle, 
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CHAPTER 1 

I N T R O D U C T I O N  

This  s tudy i n v e s t i g a t e s  t h e  e f f e c t s  of v i s u a l  

and aud i to ry  feedback on the  a b i l i t y  of f i v e  hemiplegic 

p a t i e n t s  t o  c o n t r o l  muscular fo rce  a t  both ambient 

temperature and a f t e r  l m a l  cccling of t he  muscle, 

A v a r i e t y  of methods have been developed t o  

reduce s p a s t i c i t y  and improve the  f u n c t i o n a l  a b i l i t i e s  

of the  hemiplegic p a t i e n t ,  These inc lude  f a c i l i t a t i o n  

and i n h i b i t i o n ,  p a t t e r n i n g ,  l o c a l  coo l ing  of a limb, 

and v i s u a l  and aud i to ry  feedback, These techniques a r e  

c o n s i s t e n t  w i t h  performance of voluntary  movement. 

Voluntary Movement 

The performance and p a t t e r n i n g  of voluntary  

movement i s  t h e  end product of sensory,  emotional and 

thought processes  (Schade, 1970) ,  and every motor response 

must have an adequate s t imulus  (Denny-~rown, 1960) ,  The 

complex i n t e r n e u r a l  connect ions r equ i red  f o r  the  normal 

c o n t r o l  of voluntary movement a r e  p r e s e n t l y  only p a r t i a l l y  

understood, T r a d i t i o n a l  views which a s c r i b e  c o n t r o l  of a 

s p e c i f i c  motor func t ion  t o  an i s o l a t e d  a r e a  of the  b r a i n  

have been modified t o  account f o r  t h e  observed f l e x i b i l i t y  



mani fe s t  by t h e  c e n t r a l  nervous system (CNS) i n  normal 

and p a t h o l o g i c a l  c o n d i t i o n s  (Harris, 1971 ; L u r i a ,  1966 ; 

Ruch, 1965) .  Cur ren t  concepts  of neuromuscular  i n t e g r a -  

t i o n  d e p i c t  t h e  CNS as a s e r i e s  of neurona l  c i r c u i t s  

i n t e r a c t i n g  t o  form a f u n c t i o n a l  e n t i t y  ( ~ c h a d e ,  1970; 

H a r r i s ,  1969; P a i l l a r d ,  1960) .  A s  s t a t e d  by Denny-Brown 

(1960) r 

"A segmental  r e f l e x  may be p e r f e c t l y  performed 
i n  terms of t h e  segmental s t r u c t u r e s  it se rves ,  
b u t  f o r  i t s  i n t e g r a t i o n  i n t o  behaviour  we have 
t o  examine t h e  h ighe r  and h ighe r  l e v e l s  of 
n e u r a l  a c t i v i t y  ." 
A v a r i e t y  of c o n d i t i o n s  a r i s i n g  from d i seased  

s t a t e s  o r  t r auma t i c  i n j u r y  i n t e r f e r e  w i t h  t h e  f u n c t i o n a l  

i n t e g r i t y  of t h e  sensory  and motor pathways. One of t h e s e  

c o n d i t i o n s  i s  hemiplegia .  

Hemiplegia 

When t h e  sensory-motor pathways a r e  i n t e r r u p t e d  

o r  d i s t u r b e d  t h e r e  w i l l  be some d i s t u r b a n c e  of vo lun ta ry  

movement. The degree  of impairment w i l l  depend bo th  on t h e  

s i t e  of t h e  l e s i o n  and t h e  amount of  t i s s u e  des t royed .  A 

c e r e b r a l  v a s c u l a r  a c c i d e n t  (CVA), o r  head i n j u r y ,  which 

a f f e c t s  one c e r e b r a l  hemisphere, may r e s u l t  i n  d i s tu rbance  

of vo lun ta ry  movement and a l t e r a t i o n  of muscle tone on t h e  

c o n t r a - l a t e r a l  s i d e  of t h e  body, C l i n i c a l l y  t h i s  c o n d i t i o n  

is known a s  hemiplegia .  

B a r r i e r s  t o  t h e  recovery  of f u n c t i o n a l  a b i l i t y  

i n  t he  hemiplegic p a t i e n t  include8 the  s e v e r i t y  of t h e  



i n s u l t  t o  t h e  s enso ry  and motor pathways, pre-trauma 

p e r s o n a l i t y ,  age of  p a t i e n t ,  p r ev ious  d e f i c i e n c i e s  i n  

t he  sensory  feedback mechanisms such as decreased  v i s u a l  

o r  a u d i t o r y  a c u i t y ,  and t h e  presence  of c o n t i n u i n g  

d i s e a s e  (Hurwitz and Adams, 1972 ) .  I n  t h e  hemiplegic 

p a t i e n t  t he  u s e f u l n e s s  of r e s i d u a l  movement may be 

hampered by d i s t u r b a n c e s  i n  ba lance ,  muscular  weakness 

and/or s p a s t i c i t y  (Gers ten ,  1967) .  

S p a s t i c i t y  

S p a s t i c i t y  i s  a c l i n i c a l  term used t o  d e s c r i b e  

a muscle t h a t  shows inc reased  r e s i s t a n c e  t o  pas s ive  s t r e t c h ,  

h y p e r r e f l e x i a ,  and c lonus  ( ~ a r d ,  1968) .  Neuro log ica l ly  

t h i s  d i s t u r b a n c e  a r i s e s  from t h e  imbalance of e x c i t a t o r y  

and i n h i b i t o r y  impulses a c t i n g  on t h e  s t r e t c h  r e f l e x  

(campbel l ,  Dickinson and S l a t e r ,  1968) .  I n  t h e  hemiplegic 

p a t i e n t  t h e  p r i n c i p a l  muscle groups d i s p l a y i n g  s p a s t i c i t y  

a r e  t h e  a n t i - g r a v i t y  muscles ,  These a r e  t h e  e x t e n s o r s  of 

t h e  lower l imb and f l e x o r s  of t he  upper l imb. The presence  

of s p a s t i c i t y  i n  some muscle groups r e s t r i c t s  t h e  opposing 

muscles from a c t i n g  throughout  t h e i r  f u l l  range  of move- 

ment which r e s u l t s  i n  d i s r u p t i o n  of normal p a t t e r n i n g  and 

performance of movement. 

Due t o  t h e  widespread dys func t ion  and consequent 

d i s t r e s s i n g  o v e r t  behaviour  which i s  produced, a g r e a t  

d e a l  of e f f o r t  has  been made t o  des ign  s u c c e s s f u l  methods 

of r e h a b i l i t a t i o n .  



R e h a b i l i t a t i o n  Methods 

R e h a b i l i t a t i o n  of a hemiplegic p a t i e n t  imp l i e s  

r e s t o r i n g  as much f u n c t i o n a l  a b i l i t y  as p o s s i b l e .  To 

ach ieve  t h i s  aim s p a s t i c i t y  has  t o  be reduced t o  a l low 

r e - t r a i n i n g  of vo lun ta ry  movement (Dimsdale, 1964) and 

numerous t echn iques  have been employed t o  t h i s  end. 

F a c i l i t a t i o n  and i n h i b i t i o n .  R e h a b i l i t a t i v e  personne l  

have recognised  t h e  importance of bo th  sensory -motor  

i n t e g r a t i o n  and the  concept  of p l a s t i c i t y  of t h e  CNS i n  

e f f o r t s  t o  develop methods t o  overcome t h e  d e f i c i t s  of a 

hemiplegic p a t i e n t .  R e p e t i t i o n  of  a p p r o p r i a t e  s enso ry  

in format ion  fol lowed by pu rpose fu l  motor ou tpu t  forms the  

b a s i s  of many t echn iques ,  i n c l u d i n g i  p r o p r i o c e p t i v e  neuro- 

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

Rood method, and t h e  Brunnstrom method. Examination of 

t h e s e  t r ea tmen t  p rocedures  r e v e a l s  t h a t  t h e  main emphasis is  

p laced  on t h e  s enso ry  i n p u t  from t h e  p r o p r i o c e p t i v e  and 

t a c t i l e  r e c e p t o r s  i n  t h e  muscles,  t endons ,  j o i n t s ,  and s k i n .  

A combination of f a c i l i t a t i o n  and i n h i b i t i o n  of t h e s e  

s enso ry  pathways dec reases  s p a s t i c i t y  and a l l ows  pu rpose fu l  

vo lun ta ry  movements. There a r e  d i f f e r e n c e s  i n  t h e  techniques  

employed and t h e  ph i lo soph ie s  suppor t ing  t h e s e  methods which 

a r e  d i scus sed  l a t e r  i n  t h e  review of l i t e r a t u r e .  

The senso ry  i n p u t  from t h e  s k i n  and muscle s p i n d l e  

can a l s o  be a l t e r e d  by dec reas ing  t h e  temperature  of t h e  

l i m b .  



Local cool ing.  The observed e f f e c t  o f  l o c a l  cool ing  on 

the reduct ion  of s p a s t i c i t y  and improvement i n  the  f u n c t i o n a l  

a b i l i t y  of hemiplegic p a t i e n t s  (Knutsson, 1970a and b ;  

Hedenberg, 1970) has  l e d  t o  the  i n c l u s i o n  of t h i s  modality 

i n  a  number of t rea tment  regimes, Cold a n e s t h e s i a  and 

r a i s i n g  the  threshold  of the  muscle sp ind le  have been 

suggested by a number of au thors  as p o s s i b l e  mechanisms 

respons ib le  f o r  the  reduct ion  i n  s p a s t i c i t y  (Hartviksen, 

1962; Mead and Knott ,  1966) .  

Recent work by Mecomber and Herman (1971) has added 

a new dimension t o  the  a p p l i c a b i l i t y  of l o c a l  cool ing.  

These authors  u t i l i z e d  the  r e l a t i o n s h i p  between the  

i n t e g r a t e d  electromyogram (IEMG) and the  fo rce  of an 

i sometr ic  c o n t r a c t i o n  (as descr ibed by DeVries, 1968).  The 

r e s u l t s  presented by Mecornber and Merman (1971) indica ted  

t h a t  cool ing  a  hemiplegic limb reduced the  e f f i c i e n c y  of 

muscular a c t i o n  when a  voluntary  movement was performed. 

If t h i s  impairment of e f f i c i e n c y  does occur the  

use of l o c a l  cool ing  p r i o r  t o  an exe rc i se  programme r e q u i r e s  

c a r e f u l  eva lua t ion .  

C l i n i c a l  workers have shown sporadic  i n t e r e s t  i n  

e x p l o i t i n g  the  v i s u a l  and aud i to ry  sensory information t o  

achieve i n t e g r a t i o n  of the  sensory-motor systems. 

Visual and aud i to ry  inpu t .  Convincing demonstrations of 

the a b i l i t y  of normal s u b j e c t s  t o  e x e r t  c o n t r o l  over s p i n a l  

motoneurons us ing  v i s u a l  and aud i to ry  feedback ( Basmajian, 



1963, 1972) suggested t h a t  these  sources  of information 

could be of considerable  importance i n  r e - i n t e g r a t i n g  

d is turbed  sensory-motor pathways. 

Electromyography has  been used t o  provide v i s u a l  

and aud i to ry  feedback t o  p a t i e n t s  w i t h  d i s tu rbed  muscular 

funct ion  i n  a v a r i e t y  of d i so rde r s .  The technique has been 

used t o  encourage muscular con t rac t ion  ( ~ a r i n a c c i  and 

Horande, 1960) o r  t o  suppress unwanted muscular a c t i v i t y  

(Hardyck, Pe t r inovich  and El l swor th ,  1966; Jacobs and 

Fe l ton ,  1969) .  Work by Andrews (1964) has  shown t h a t  hemi- 

p l e g i c  p a t i e n t s  can ob ta in  some measure of c o n t r o l  over 

s p a s t i c  muscle groups by s e l e c t i v e l y  l e a r n i n g  t o  a c t i v a t e  

a s p e c i f i c  muscle. Harris (1970) noted t h a t  the  information 

from the  electromyogram could be used t o  increase  f u n c t i o n a l  

a b i l i t i e s  o f  herniplegic p a t i e n t s .  

Visual  feedback of muscular a c t i v i t y  can a l s o  be 

obtained by d i sp lay ing  the  e l e c t r i c a l  s i g n a l  from a s t r a i n -  

gauge dynamometer. While dynamometers have been used 

ex tens ive ly  t o  a s s e s s  muscular performance i n  both normal 

(Clarke,  Hellon and Lind, 1958; DeVries, 1968) and neuro- 

l o g i c a l  (Lenman, 1959) condi t ions  the  a p p l i c a t i o n  of t h i s  

form of v i s u a l  feedback i n  a  the rapeu t i c  s e t t i n g  has n o t  

been inves t iga ted .  

Limi ta t ions  

When conducting resea rch  i n  a c l i n i c a l  s e t t i n g  

a  number of l i m i t a t i o n s  have t o  be observed. E t h i c a l  
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r e s p o n s i b i l i t i e s  have t o  be evaluated even more r igorous ly  

than i n  a l abora to ry .  The d e s i r e  of the  r e sea rcher  t o  

reduce the  v a r i a b l e s  t o  a minimum must n o t  be allowed t o  

jeopardize t h e  h e a l t h  o r  r e h a b i l i t a t i v e  prospects  of the  

p a t i e n t ,  

The s u b j e c t s  s e l e c t e d  f o r  t h i s  s tudy were a t t end ing  

the  G ,  F. Strong R e h a b i l i t a t i o n  Centre ,  Vancouver, B r i t i s h  

Columbia, A thorough review of both In- and Out-patient 

case loads  produced f i v e  p a t i e n t s  who f u l f i l l e d  necessary 

c r i t e r i a  of c l i n i c a l  evidence of s p a s t i c i t y ,  presence of 

voluntary  movement, and s u f f i c i e n t  comprehension t o  

understand t h e  requirements of the  experiment,  Each p a t i e n t  

was f u l l y  informed of the  na tu re  of the  experiment and both 

h i s  and h i s  phys ic ians  consent  f o r  h i s  p a r t i c i p a t i o n  i n  the  

t r a i n i n g  and t e s t i n g  s e s s i o n  w a s  obtained.  

The dura t ion  of the  experiment was determined by 

the  l eng th  of p a t i e n t  s t a y  i n  the  Centre and w a s  l i m i t e d  t o  

four  weeks. During t h i s  time the  p a t i e n t s  maintained t h e i r  

r e g u l a r  r e h a b i l i t a t i v e  programme w i t h  the  except ion of 

l o c a l  cool ing  t o  the  upper limb, A s  t he  group w a s  s o  small 

a c o n t r o l  group could n o t  be e s t a b l i s h e d ,  

The use of an intramuscular  thermoprobe t o  o b t a i n  

t r u e  muscle temperature was r e j e c t e d .  Repeated puncture 

s i t e s  could provide a  poss ib le  source of i n f e c t i o n  and 

pose a p o t e n t i a l  h e a l t h  hazard.  Known l i t e r a t u r e  sources were 

used t o  e s t ima te  the  l e n g t h  of the  coo l ing  pe r iod  requ i red  t o  



lower the  mean i n t e r n a l  muscle temperature.  

Purpose of Study 

E f f e c t i v e  t reatment  procedures have been devised t o  

improve the  f u n c t i o n a l  a b i l i t i e s  of hemiplegic p a t i e n t s  by 

manipulating the  propr iocept ive  and t a c t i l e  sensory inpu t .  

Local coo l ing  has been employed t o  reduce s p a s t i c i t y ,  

The ques t ion  has been r a i s e d  whether t h i s  form of t reatment  

a l s o  reduces the  e f f i c i e n c y  of a  muscle. 

Visual  and aud i to ry  feedback has been proposed as 

an a l t e r n a t e  source of sensory i n p u t  t o  r e - t r a i n  the  , 

f u n c t i o n a l  a b i l i t i e s  of t h e  hemiplegic p a t i e n t .  

If feedback from v i s u a l  and aud i to ry  sources  can 

supplement the  propr iocept ive  information an a d d i t i o n a l  

method of t reatment  would be a v a i l a b l e  t o  r e h a b i l i t a t i v e  

personnel .  

The p r e s e n t  s tudy i n v e s t i g a t e s t  

the  degree of c o n t r o l  of an i somet r i c  c o n t r a c t i o n  t h a t  

can be achieved by a hemiplegic p a t i e n t  us ing  v i s u a l  

and aud i to ry  feedback. 

the  e f f e c t  of l o c a l  coo l ing  on t h e  degree of c o n t r o l  

achieved, 

whether a  t r a i n i n g  programme improves t h i s  l e v e l  of 

con t ro l .  

whether the  f u n c t i o n a l  s t a t e  of a muscle does a l t e r  

a f t e r  cool ing.  



CHAPTER I1 

REVIEd OF LITERATURE 

I n  the  i n v e s t i g a t i o n  of new r e h a b i l i t a t i v e  methods 

i t  i s  necessary t o  r e i n f o r c e  empir ica l  observa t ions  and 

opinions w i t h  knowledge gained from experimental  work i n  

physiology and t h e  neurosciences.  

The concepts of neuromuscular i n t e g r a t i o n  and t h e  

r o l e  o f  the  muscle sp indle  a r e  considered by Katthews (1971) 

and Schade (1970) t o  be an e s s e n t i a l  prelude t o  understanding 

the  derangements of func t ion  t h a t  occur i n  s p a s t i c  s t a t e s .  

Nusc l e  Spindle  

Muscle sp ind les  a r e  highly organised sense org2ns 

which l i e  i n  p a r a l l e l  t o  the  e x t r a f u s a l  muscle f i b r e s .  

The number of c o n t r a c t i l e  f i b r e s  contained i n  a human muscle 

sp ind le  ranges from two t o  four teen  (Swash and Fox, 1972).  

Two types  of f i b r e s  have been i d e n t i f i e d 8  nuc lea r  chain and 

nuc lea r  bag. 

Spindles  a r e  innervated by both sensory and motor 

nerves.  The sensory nerves a r e  divided i n t o  two c a t e g o r i e s :  

f a s t  conducting primary sensory a f f e r e n t s  which a r i s e  from 

both the  nuc lea r  chain and nuclear  bag f i b r e s ,  and smal ler  

diameter secondary a f f e r e n t s  which a r i s e  predominantly from 

the  nuclear  cha in  f i b r e s  (Natthews, 1971).  The p r i n c i p l e  

9 



motor axons o r i g i n a t e  from small  c e l l s ,  c a l l e d  gamma moto- 

neurons, loca ted  i n  the  a n t e r i o r  horn of the  s p i n a l  cord ,  

~ a t t h e w s ( l 9 7 1 )  presented evidence t h a t  the  nuc lea r  chain 

and nuc lea r  bag f i b r e s  a r e  innervated s e p a r a t e l y ,  The 

ex i s t ence  of a t h i r d  motor supply has  been confirmed by 

Swash and Fox (1972). C o l l a t e r a l  branches from the  axon 

supplying the  e x t r a f u s a l  f i b r e s  a r e  found t o  terminate  

w i t h i n  the  muscle sp ind le .  The f u n c t i o n a l  s ign i f i cance  of 

t h i s  a d d i t i o n a l  innervat ion  has n o t  y e t  been e l u c i d a t e d ,  

The r o l e  of the  sp ind le  i n  t h e  s t r e t c h  r e f l e x  

mechanism is  w e l l  e s t a b l i s h e d .  The sp ind le  l i e s  p a r a l l e l  

w i t h  the  e x t r a f u s a l  f i b r e s .  When the  muscle is  s t r e t c h e d  

the  sp ind le  i s  d i s t o r t e d  and an e l e c t r i c a l  p o t e n t i a l  is  

c r e a t e d  i n  t h e  non-cont rac t i le  p o r t i o n  of t h e  i n t r a f u s a l  

f i b r e s  (Harris, 1969) .  T h i s  p o t e n t i a l  r e p r e s e n t s  an impulse 

which i s  t r ansmi t t ed  monosynaptically t o  t h e  a lpha  moto- 

neuron of the  main muscle by the  primary sensory a f f e r e n t s  

which e n t e r  the  s p i n a l  cord through the  d o r s a l  r o o t  ganglion. 

The r e s u l t i n g  twi tch  c o n t r a c t i o n  of the  e x t r a f u s a l  f i b r e s  

removes the  d i s t o r t i o n  from the  sp ind le .  T h i s  r e f l e x  

mechanism enables  the  muscle t o  a d j u s t  au tomat ica l ly  t o  

changes i n  load without  c o r t i c a l  involvement (Merton, 1972) .  

The s e n s i t i v i t y  of the  sp ind le  can be ' b i a sed '  by 

t h e  gamma motoneurons which a r e  under the  inf luence  of the  

h igher  c e n t r e s  of the  CNS, When the  i n t r a f u s a l  f i b r e s  

c o n t r a c t  and deform the  sp ind le  the  amplitude of the  

p o t e n t i a l  i s  p ropor t iona l  t o  the  degree of d i s t o r t i o n :  t h i s  



alters the firing threshold of the spindle. Thus smaller 

external forces are required to initiate an impulse with 

partial tension on the spindle (Harris, 1969) , 

The role of the muscle spindle summarised by Werner, 

(1972) indicated that it regulates and controls movement and 

posture on a sub-cortical level by monitoring static and 

dynamic activity. The 'biasing' effect of the gamma moto- 

neuron allows self-regulation of its sensitivity. The 

influence of many supraspinal centres on the stretch reflex 

is mediated through the muscle spindle, 

Supraspinal influences, which set the level of 

excitability of the final common pathway, result from 

integration of sensory information from both the internal 

and external environment (Schade, 1970). A diffuse network 

of neurons located in the brain stem, called the reticular 

formation, is considered to be the main integrating centre 

(~arris, 1969; Moore, 1968) and all sensory and mo2or 

impulses are relayed through this area, 

Armed with this basic knowledge of the muscle 

spindle and its importance in the performance of normal 

movement patterns, the functional changes observed in 

spasticity and methods designed to overcome the effects of 

these changes can be more readily understood. 

Spastic ity 

Physiological definitions of spasticity vary with 

the orientation of the researcher. In a comprehensive 



review of t h e  l i t e r a t u r e  Roasenda and Ellwood (1961) s a i d  

" s p a s t i c i t y  d e f i e d  d e f i n i t i o n  i n  t h e  p u r e l y  phys io log ic  

and t e c h n i c a l  s ense" ,  Levine,  Kabat, Knot t ,  and Voss (1954) 

desc r ibed  s p a s t i c i t y  as an exagge ra t ion  of p r o p r i o c e p t i v e  

r e f l e x  f u n c t i o n  due t o  t he  absence of some normal f a c t o r s  

which c o n d i t i o n  such f u n c t i o n s ,  The exaggera ted  s t r e t c h  

r e f l e x  seen  i n  s p a s t i c  muscles was regarded  by Herman (1962) 

as due t o  abnormal gamma e f f e r e n t  d i s c h a r g e  on t h e  muscle 

s p i n d l e ,  Rushworth (1964) po in t ed  o u t  t h a t  even a t  segmen- 

t a l  l e v e l  s t r e t c h  r e f l e x e s  have a ve ry  complex o r g a n i s a t i o n ,  

i n f luenced  by h i g h e r  c e n t r e s  as w e l l  as segmental  i n -pu t t  

s p a s t i c i t y  occu r s  when t h e  s t r e t c h  r e f l e x  i s  r e l e a s e d  from 

descending i n h i b i t i o n .  Moore (1968) exp la ined  t h i s  ' r e l e a s e  

phenomenon' by t r a c i n g  t h e  development sequence of the  CNS, 

A s  t h e  nervous system develops  t h e  e a r l y  r e f l e x e s  a r e  

e x c i t a t o r y ,  I n h i b i t o r y  i n f l u e n c e s  are superimposed as t h e  

organism matures  and a balance i s  a t t a i n e d ,  Dis turbance  of  

t h e  mature C N S  u p s e t s  t h e  ba lance  and r e l e a s e s  t h e  o l d e r  

e x c i t a t o r y  r e f l e x e s ,  

S t o l o v  (1966) and Herman (1970a) s t r e s s e d  the  

importance of non- re f lex  phenomena i n  hype r ton ia ,  I n  a 

d e t a i l e d  examinat ion of t h e  c l i n i c a l  phys io log ic  a s p e c t s  

of t he  myotac t ic  r e f l e x  i n  hemiplegic  p a t i e n t s  Herman (1970a) 

demonstrated t h e  r o l e  played by t h e  v i s c o - e l a s t i c ,  p l a s t i c ,  

and c o n t r a c t i l e  p r o p e r t i e s  of muscle i n  t h e  t o t a l  p i c t u r e  

of a l t e r e d  r e f l e x  a c t i v i t y ,  

The f u n c t i o n a l  b a s i s  f o r  s p a s t i c i t y ,  as p o s t u l a t e d  
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by Schade (1970),  may be due t o  d i s t u r b a n c e  of  t h e  supra-  

s p i n a l  pathways descending t h e  s p i n a l  cord  i n  t h e  l a t e r a l  

column, F u n c t i o n a l l y  two systems have been i d e n t i f i e d .  

The v e n t r a l  system conveys e x c i t a t o r y  impulses  t o  t h e  

e x t e n s o r  mechanisms and i n h i b i t o r y  impulses  t o  t h e  f l e x o r  

groups.  The l a t e r a l  system, composed of c o r t i c o s p i n a l ,  

r u b r o s p i n a l ,  and medu l lo re t i cu losp ina1  t r a c t s ,  i n h i b i t s  

t h e  e x t e n s o r s  and e x c i t e s  t h e  f l e x o r s .  Dis turbance  of 

+L.- vIIc l a t e r a l  system will cause a r e i a t i v e  i n c r e a s e  i n  t h e  

e f f e c t s  of t h e  v e n t r a l  system. 

In summary it h a s  been hypothes i sed  t h a t  t h e  

m a n i f e s t a t i o n s  of  s p a s t i c i t y  a r e  caused by gamma b i a s  on. 

t h e  muscle s p i n d l e  due t o  d i s t u r b a n c e  of t h e  s u p r a s p i n a l  

i n f l u e n c e s .  

Eva lua t ion  o f  S p a s t f c i t x  

Attempts t o  measure s p a s t i c i t y  have been f r u s t r a t e d  

by t h e  e l u s i v e  n a t u r e  of t h e  c o n d i t i o n ,  A s  no t ed  by Levine 

e t  a l .  (1954) s p a s t i c i t y  is  s u b j e c t  t o  autogenous neu ro log ic  
- 7  

and environmental  i n f l u e n c e s .  Any manoeuvre t h a t  i s  a p p l i e d  

t o  t h e  l imb c r e a t e s  a response  t h a t  could a l t e r  t h e  degree  

of s p a s t i c i t y .  Roasenda and Ellwood (1961) enumerated t h e  

d e v i c e s  used t o  measure s p a s t i c i t y ,  n o t i n g  t h a t  a satis- 

f a c t o r y  method had n o t  emerged. S o p h i s t i c a t e d  equipment 

h a s  been developed by a number of r e s e a r c h e r s  t o  measure 

t h e  r e s i s t a n c e  of a l imb t o  p a s s i v e  s t r e t c h .  An e l e c t r o -  

mechanical  system developed by Webster (1964) inc luded  a 

programmed t e s t  movement and au tomat ic  d i g i t a l  p r i n t o u t .  
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However Webster s t a t e d  t h a t  t h e  d i sadvan tages  of t h e  machine 

were i t s  complexi ty ,  t h e  unphys io log ic  t e s t i n g  p o s i t i o n  and 

i t s  l i m i t a t i o n s  r e g a r d i n g  speed.  The r o t a t i o n a l  j o i n t  

appa ra tus  ( R J A )  used by Herman (1970a) and Mecomber and 

Herman (1971) produced ramp and l i n e a r  s t r e t c h  of t h e  c a l f  

muscles wh i l e  d r i v i n g  t h e  j o i n t  a t  v a r i o u s  speeds ,  The 

to rque  gene ra t ed  a t  t h e  ankle  j o i n t  and t h e  angu la r  d i s -  

placement of t h e  f o o t  was measured t o  o b t a i n  ~ e n g t h / t e n s i o n  

curves .  An e l e c t r o n i c  system used by Norton, Bomze and 

Chapl in  (1972) moved t h e  l imb segment around a j o i n t  a x i s  

i n  a programmed manner and monitored t h e  f o r c e s  e x e r t e d  by 

t h e  s u b j e c t  i n  response  t o  movement. 

The electromyogram (EMG) has  been used e x t e n s i v e l y  

t o  observe t h e  changes which occur  when a s p a s t i c  l imb i s  

manipulated p a s s i v e l y  (Herman, 1970a;  Long, Krysz to f i ak ,  

Z a m i r ,  Lane and Koehler,  1968; M i g l i e t t a ,  1964) . Q u a l i t a -  

t i v e  EMG was used by Hirschberg and Nathanson (1952) t o  

i d e n t i f y  t h e  s e q u e n t i a l  r e c r u i t m e n t  of muscle groups i n  

p a t i e n t s  w i t h  a s p a s t i c  g a i t .  The va lue  of  EMG as an 

acces so ry  t o o l  t o  q u a n t i f y  s p a s t i c i t y  i n  i s o m e t r i c  o r  

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

e l u s i v e  n a t u r e  of  t h e  c o n d i t i o n  has  prevented  d e t a i l e d  

examination of t h i s  parameter .  

Following t h e  i n v e s t i g a t i o n  of a v a r i e t y  of neuro- 

l o g i c a l  and muscular d i s e a s e s  Lenman (1959) suggested t h a t  

t he  r a t i o   musc muscular t e n s i o n  could be cons idered  a measure 

of neuromuscular  e f f i c i e n c y .  The s l o p e  ob ta ined  from p a t i e n t s  
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w i t h  muscle wealmess r e s u l t i n g  f rom n e u r o l o g i c a l  d i s e a s e s  

was w i t h i n  t h e  normal ranger whereas p a t i e n t s  w i t h  primary 

muscular d i s e a s e  produced a s t e e p e r  s l o p e ,  i n d i c a t i n g  

decreased neuromuscular  e f f i c i e n c y .  Mecomber and Herman 

(1971) sugges ted  t h a t  t h e  r e l a t i o n s h i p  between IEMG and 

t e n s i o n  r e p r e s e n t e d  a q u a n t i f i e d  va lue  of muscular  

e f f i c i e n c y .  A f t e r  t e s t i n g  f o u r  hemiplegic  p a t i e n t s  under 

va ry ing  tempera ture  c o n d i t i o n s  t h e s e  a u t h o r s  r e p o r t e d  t h a t  

t h e  e f f i c i e n c y  of muscular  e f f o r t  was decreased .  

The concept  of exp res s ing  t h e  r e l a t i o n s h i p  between 

IEMG and f o r c e  as a de te rminant  of  t h e  f u n c t i o n a l  s t a t e  of 

a muscle, proposed by F i sche r  and Merhautova (1961), was 

i n v e s t i g a t e d  i n  dep th  by DeVries (1968) who des igna t ed  t h e  

s l o p e  of t h e  l i n e  as ' e f f i c i e n c y  of e l e c t r i c a l  a c t i v i t y ' .  

The advantages  of t h i s  measure over  t h e  conven t ionz l  

s t r e n g t h  t e s t i n g  by c a b l e  t ens iome te r  i nc lude  t h e  use  o f  

sub-maximal l o a d s  and t h e  a b o l i t i o n  of p sycho log ica l  

f a c t o r s .  

If t h i s  method of q u a n t i f i c a t i o n  can  be a p p l i e d  t o  

determine t h e  f u n c t i o n a l  s t a t e  of a s p a s t i c  muscle 

comparisons of d i f f e r e n t  t h e r a p e u t i c  p rocedures  designed 

t o  l e s s e n  s p a s t i c i t y  could be made. 

R e h a b i l i t a t i v e  Procedures  Involv ing  t h e  T o t a l  Person 

The problem of improving t h e  f u n c t i o n a l  c a p a b i l i t i e s  

of t h e  hemiplegic p a t i e n t  has  l e d  t o  t h e  development of  a 

v a r i e t y  of t h e r a p e u t i c  t echn iques .  I n  a review o f  t h e  ' 



current trends in the treatment of neuromuscular disorders 

Brunton and Hunt (1969) listed the following techniquest 

1. The Bobath reflex-inhibiting patterns. 
2. Proprioceptive neuromuscular facilitation. 
3. Rood's techniques of sensory stimulation (using 

ice and brushing). 

These methods involve the utilization of total body 

movements to restore the functional ability of the patient. 

Bobath (1969) interpreted the functional disability 

o f  a heminl egic p a t i e n t  a.s f o l l o w s :  

Abnormal patterning of muscles in posture and 
movement combined with abnormal qualities and 
distribution of postural tone. 

The treatment devised by Bobath makes use of reflex- 

inhibiting patterns of movement which inhibit the abnormal 

patterns and facilitate more normal movements. 

Proprioceptive neuromuscular facilitation (PNF) 

developed by hott (1967), applies stretch, resistance, 

assistance and positioning to facilitate or inhibit a 

motor response. 1bot-t proposed that the bombardment of 

a synaptic connection with impulses increases the excita- 

bility of that motoneuron. This can lead to more effective 

functioning. Application of PNF to spastic limbs uses the 

concept of reciprocal inhibition. Activation of the 

antagonists causes relaxation of the spastic agonists. 

The Rood technique, as described by Goff, (1969) 

and Stockmeyer (1967), is based on applying the appropriate 

sensory stimulation to obtain a more normal movement or 

postural reaction. Cutaneous stimulation (brushing and 



i c i n g )  is  used t o  e l i c i t  the  simple p o s t u r a l  r e f l e x e s  

which a r e  necessary f o r  the development of the  more 

complex r e f l e x e s .  !/orking through the  developmental 

l e a r n i n g  p a t t e r n s  the  e f f e c t i v e  func t ion ing  of a p a t i e n t  

can be improved. 

The t rea tment  of the  hemiplegic p a t i e n t  advocated 

by Brunnstrom (1964, 1966) i s  founded on the  observat ion 

t h a t  a l l  p a t i e n t s  go through s e q u e n t i a l  recovery s t a g e s  

beginning wi th  f l a c c i d i t y  and proceeding through a number 

of s p a s t i c  s t a g e s ,  t o  diminishing s p a s t i c i t y .  Treatment 

r e q u i r e s  accura te  knowledge of the  s t a t u s  of the  p a t i e n t  

i n  t h i s  recovery sequence combined wi th  movement p a t t e r n s  

o r i e n t a t e d  t o  help the  p a t i e n t :  reach  the  next  recovery 

s t a g e .  

Empir ical  observat ion i n d i c a t e s  t h a t  these  procedures 

a r e  e f f e c t i v e  i n  r e h a b i l i t a t i n g  many hemiplegic p a t i e n t s .  

However, t h e r e  a r e  some hemiplegic p a t i e n t s  whose f u n c t i o n a l  

c a p a b i l i t i e s  a r e  seve re ly  l i m i t e d  by g r o s s  r e s i d u a l  s p a s t i c i t y .  

For t h i s  group of p a t i e n t s  t rea tment  methods have been 

desigfled t o  reduce s p a s t i c i t y  by a l t e r i n g  t h e  sensory inpu t  

through the  use of cool ing  o r  by adding v i s u a l  and aud i to ry  

feedback as a  source of sensory s t imula t ion .  

R e h a b i l i t a t i v e  Procedures Using Local Cooling 

Most c l i n i c a l  r e p o r t s  on the  success fu l  use of 

l o c a l  cool ing  have been empir ica l .  I n  many cases  i n s u f f i -  

c i e n t  q u a n t i t a t i v e  d a t a  has  been presented t o  e s t a b l i s h  
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a  sound r a t i o n a l e  f o r  the  use of cool ing .  The pauc i ty  of 

wel l  c o n t r o l l e d  c l i n i c a l  s t u d i e s  may be due t o  the  lack 

of ob jec t ive  s tandards  of eva lua t ion  w i t h  which t o  a s s e s s  

f u n c t i o n a l  improvement. 

Hedenberg (1970) used a hand func t ion  t e s t  as a 

q u a n t i t a t i v e  measure t o  e s t a b l i s h  the  e f f e c t i v e n e s s  of 

cool ing.  Twentyfour hemiplegics were t e s t e d  before immersing 

t h e i r  arms i n  water  a t  twelve degrees cen t ig rade  f o r  f i f t e e n  

minutes. Re tes t ing  a f t e r  coo l ing  showed an improvement i n  

scores  f o r  a l l  p a t i e n t s ;  seventeen r e s u l t s  being s i g n i f i -  

c a n t l y  d i f f e r e n t ,  Knutsson (1970b) s p e c i f i c a l l y  cooled 

the  s p a s t i c  muscles, leaving  the  a n t a g o n i s t s  a t  ambient 

temperature,  and obtained one hundred and f i f t y  percent  

increase  i n  power i n  t h e  an tagon i s t s .  Evalua t ion  of the  

long term e f f z c t s  o f  t h i s  p rocedure  showed the increase  

i n  power i n  the  an tagon i s t s  ranged from 2.5  f o l d  t o  5 f o l d  

a f t e r  two weeks of t reatment  wi th  a concomitant increase  

i n  range of voluntary  movements from t e n  t o  e igh ty  degrees.  

I n  c o n t r a s t  t o  the  l a c k  of s t u d i e s  dea l ing  w i t h  

f u n c t i o n a l  improvement, a  l a r g e  number of r e sea rcher s  have 

inves t iga ted  the  e f f e c t s  of cool ing  on t h e  r e f l e x  mechanism. 

Using a mechanical hammer t h a t  could d e l i v e r  

repeated tendon t a p s  a t  a cons tan t  speed Boes (1962) and 

M i g l i e t t a  (1962) r epor ted  t h a t  the magnitude of the  knee 

je rk  was reduced by t h i r t y f o u r  percent  a f t e r  seven minutes 

of' cool ing ,  Hartviksen (1962) could n o t  e l i c i t  an Achi l les  

tendon r e f l e x  ( A T R )  a f t e r  t h r e e  minutes of cool ing.  



Mecomber and Herman (1971) measured the  intra-muscular  

temperature t o  r e l a t e  the  changes i n  ATR w i t h  the  degree 

of cool ing.  Although they observed t h a t  t h e  muscle 

temperature dropped a t  l e a s t  f o u r  t o  f i v e  degrees c e n t i -  

grade they could n o t  r e l a t e  d i r e c t l y  the  degree of cool ing  

wi th  the  r educ t ion  i n  r e f l e x  a c t i v i t y .  

The e f f e c t  of cool ing  on the  tendon r e f l e x  i n  

normal muscle has  produced i n c o n s i s t e n t  r e s u l t s ,  Pe ta jan  

and Watts (1962) found t h e  mean h a l f - r e l a x a t i o n  time of 

t h e  ATR was increased  a f t e r  cool ing ,  and the  r e f l e x  

changes p a r a l l e l e d  the  changes i n  muscle temperature,  

When Knutsson and Mattson (1969) cooled the  l e g  wi th  

commercial i c e  packs a t  minus twelve degrees cent igrade  

f o r  t h i r t y  minutes t h e  ATR was depressed by t h i r t y f o u r  

percent .  The H-reflex, e l i c i t e d  by e l e c t r i c a l  st imula.t ion,  

was unchanged, These r e s u l t s  a r e  a t  var iance  w i t h  those 

o f  Urbscheit  and Bishop (1970) who found the  ATR una l t e red  

and t h e  H-reflex increased ,  The d i f f e r e n c e s  of time and 

temperature employed i n  these  s t u d i e s  could account f o r  

the  i n c o n s i s t e n t  r e s u l t s .  

The phys io log ica l  e f f e c t s  of coo l ing  and the  

mechanisms respons ib le  f o r  the  r educ t ion  i n  s p a s t i c i t y  

remain specu la t ive .  The experimental  procedures have d i f f e r e d  

s o  much i n  method of cool ing ,  temperature a t t a i n e d ,  time of 

a p p l i c a t i o n ,  and eva lua t ion  of r e s u l t s  t h a t  only t e n t a t i v e  

conclusions can be drawn. 

Hartviksen (1962) and Mecomber and Herman (1971) 
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suggested t h a t  a s  the  r e f l e x  response of a s p a s t i c  muscle 

was reduced before  t h e r e  was an apprec iable  change i n  the  

intra-muscular temperature,  the  sensory nerve ending i n  

the  s k i n  must be involved. Cold a n e s t h e s i a  of the  pe r iphera l  

sensory end organs may change the  balance of f a c i l i t a t o r y -  

i n h i b i t o r y  in f luences  on the  alpha motoneuron i n  favour of 

i n h i b i t i o n .  This  would reduce the  discharge t o  the  e x t r a -  

f u s a l  f i b r e s  and reduce s p a s t i c i t y .  This mechanism was 

a l s o  proposed by Mead and Knott (1966).  Other f a c t o r s  

must be involved however, as the  r e f l e x  a c t i v i t y  remained 

depressed when t h e  s k i n  was re-warmed (Hartviksen, 1962) .  

The e f f e c t  of cool ing  on nerve conduction v e l o c i t y  

has been w e l l  documented, Working wi th  normal musculature 

DeJong, Hershey and Wagman (1966) determined t h a t  the  

conduction v e l o c i t y  of the  peroneal  nerve decreased l i n e a r l y  

a t  the  r a t e  of 1.8 meters pe r  second pe r  degree cent igrade  

f a l l  i n  temperature.  Henriksen (1956) found t h e  decrease 

i n  conduction v e l o c i t y  of the  u l n a r  nerve was 2.4 meters 

per  second per  degree cent igrade  f a l l  i n  temperature.  Af ter  

cool ing  the  forearm with i c e  f o r  f i v e  minutes Zankel (1966) 

noted a change i n  conduction v e l o c i t y  of t h e  u l n a r  nerve 

from 53.6 meters p e r  second t o  50.6 meters pe r  second. 

Increas ing  the coo l ing  time t o  f i f t e e n  minutes Pe ta jan  and 

Daube (1965) r epor ted  a l a r g e r  decrease ;  median nerve con- 

duct ion v e l o c i t y  dropped from 63 meters per  second t o  50 

meters pe r  second. 

Hartviksen (1962) and Pe ta jan  and Daube (1965) 



have suggested t h a t  the  decrease i n  nerve conduction 

v e l o c i t y  could r a i s e  the  threshold  s e n s i t i v i t y  of the  

gamma innerva t ion  of the muscle sp indle  and cause a 

reduct ion  i n  s p a s t i c i t y .  Experimental work involving 

d i r e c t  coo l ing  of mammalian muscle s p i n d l e s  by Newton 

and Lehmkuhl (1965) showed the  frequency of f i r i n g  was 

decreased when the  muscle temperature was lowered t o  

twentyfive degrees cen t ig rade .  

AS Knutsson (1970b) pointed out  the  e f f e c t s  of 

cool ing  a r e  complex and may involve reduced muscle 

sp indle  e x c i t a b i l i t y ,  changes i n  s p i n a l  neurons,  and 

p e r i p h e r a l  e f f e c t s  on motor nerves  and muscle f i b r e s .  

Although the  s p e c i f i c  mechanisms a c t i v a t e d  by coo l ing  

remain unc lea r ,  the  changes i n  sensory inpu t  from the  

s k i n  and poss ib ly  from the  muscle sp ind le  i n d i c a t e  t h a t  

it can be used t o  a l t e r  sensory-motor i n t e g r a t i o n ,  

R e h a b i l i t a t i o n  Procedures Using Visual and Auditory Innut  

A number of c l i n i c a l  s t u d i e s  have repor ted  the  

success fu l  use of v i s u a l  and aud i to ry  feedback from the  

electromyograph t o  improve the  func t ion  of a s p a s t i c  limb, 

When a muscle f i b r e  is a c t i v a t e d  t h e  p o t e n t i a l  

d i f f e rence  ac ross  the  membrane a l t e r s ,  c r e a t i n g  an a c t i o n  

p o t e n t i a l .  Electromyography i s  a method of observing and 

recording  these  changes i n  e l e c t r i c a l  a c t i v i t y .  Surface 

e l e c t r o d e s  placed on the  s k i n  over ly ing  the muscle b e l l y  

w i l l  p i c k  up the  su-mmation of a c t i o n  p o t e n t i a l s  from a . 
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l a r g e  number of motor units: need le  o r  w i r e  e l e c t r o d e s  

i n s e r t e d  i n t o  t h e  muscle a r e  used f o r  more d e t a i l e d  s tudy  

of s e l e c t e d  motor u n i t s .  

Myoelectr ic  p o t e n t i a l s  can be a m p l i f i e d ,  d i sp l ayed  

on a Cathode Ray Osc i l loscope  (CRO), and b roadcas t  through 

a loud  speaker  t o  p rov ide  v i s u a l  and a u d i t o r y  r e p r e s e n t a t i o n  

of muscular  a c t i v i t y ,  Basmajian (1963) used t h e s e  v i s u a l  

and a u d i t o r y  cues  t o  t r a i n  s u b j e c t s  t o  c o n t r o l  consc ious ly  

t h e  a c t i v i t y  of i n d i v i d u a l  motor u n i t s .  With p r a c t i c e  a 

s u b j e c t  could i n i t i a t e ,  ma in t a in ,  a l t e r  t h e  r a t e  of f i r i n g ,  

and s t o p  t h e  a c t i v i t y  of a s i n g l e  motor u n i t .  I n  a r e c e n t  

review of  h i s  work Basmajian (1972) r e p o r t e d  t h a t  hundreds 

of s u b j e c t s ,  u s i n g  many d i f f e r e n t  muscles ,  have mastered 

t h i s  t echn ique ,  Car l soo  and E d f e l d t  (1963) and Har r i son  

and Mortensen (1962) sugges ted  t h a t  a u d i t o r y  s t i m u l i  were 

more impor tan t  t han  v i s u a l  i n fo rma t ion  when a s u b j e c t  w a s  

a ch i ev ing  consc ious  c o n t r o l  of motor u n i t s ,  Wagman, P i e r c e  

and Burger (1965) p re sen ted  evidence t h a t  r e c a l l  of a 

s p e c i f i c  u n i t  was h i g h l y  dependent on t h e  p o s i t i o n  of t h e  

j o i n t ,  

The p r a c t i c a l  a p p l i c a t i o n s  of t h i s  t echnique  have 

been demonstrated by a number of i n v e s t i g a t o r s ,  When 

people  w i t h  r e a d i n g  problems caused by sub -voca l i s a t i on  

were provided w i t h  t h e  a u d i t o r y  in fo rma t ion  of t h e  unwanted 

muscular  a c t i v i t y  i n  t he  l a r y n g e a l  muscles t h e y  were a b l e  

t o  e l i m i n a t e  t h i s  a c t i v i t y  (Hardyck - e t  a ,  a1 1966) .  Working 

w i t h  p a t i e n t s  who were unable  t o  r e l a x  t h e  upper f i b r e s  of 



t r a p e z i u s  due t o  a neck i n j u r y  Jacobs and Fel ton  (1969) 

used v i s u a l  feedback from the  electromyograph t o  teach 

r e l a x a t i o n .  

The a t ta inment  of voluntary  c o n t r o l l e d  a c t i v i t y  

i n  f u n c t i o n a l l y  paralysed muscles was shown t o  be poss ib le  

by Marinacci and Horande (1960) .  Needle e l e c t r o d e s  were 

i n s e r t e d  i n t o  a normal muscle t o  demonstrate t o  the  p a t i e n t  

the  s i g h t  and sound of an a c t i o n  p o t e n t i a l .  This  was 

followed by i n s e r t i n g  the  e l e c t r o d e s  i n t o  a paralysed 

muscle and i n s t r u c t i n g  the  p a t i e n t  t o  c o n t r a c t  the  muscle 

v o l u n t a r i l y .  When a c t i o n  p o t e n t i a l s  occured the  p a t i e n t  

was encouraged t o  r e p e a t  the  e f f o r t .  Repe t i t ion  of t h i s  

a c t i v i t y  f a c i l i t a t e d  voluntary  a c t i o n .  Using a  similar 

technique w i t h  twenty hemiplegic p a t i e n t s  Andrews (1964) 

obtained s t rong ,  voluntary ,  c o n t r o l l e d  muscle a c t i o n  In 

seventeen cases .  An extens ive  c l i n i c a l  t r i a l  was conducted 

by H a r r i s  (1970) t o  a s s e s s  the  longterm e f f e c t s  of EMG- 

monitored muscle re-educat ion i n  four teen  hemiplegic 

p a t i e n t s ,  Goniometric measurements of range of motion 

were chosen t o  evalua te  t h e  e f f e c t i v e n e s s  of t h e  procedure.  

Over a  per iod of f o u r  weeks eleven p a t i e n t s  showed s i g n i -  

f i c a n t  improvement i n  the j o i n t s  t e s t e d ,  The most 

c o n s i s t e n t  improvement was i n  the  elbow j o i n t .  

Examination of c u r r e n t  neurophysiological  concepts 

of i n t e g r a t i o n  suggest  t h a t  r e - t r a i n i n g  of a s p a s t i c  muscle 

by conscious c o n t r o l  of motor u n i t  a c t i o n  p o t e n t i a l s  could 

occur through improved i n t e g r a t i o n  of sensory s t i m u l i .  



Harr i s  (1971) pointed out  t h a t  a s  n e u r a l  c i r c u i t s  become 

longer  the  number of synapses inc rease  and the  chances of 

a l t e r a t i o n  of the  o r i g i n a l  inpu t  by o the r  information a l s o  

i n c r e a s e s ,  T h i s  f l e x i b i l i t y  could be used t o  r e - t r a i n  a 

movement. When t r e a t i n g  p a t i e n t s  who have some dis turbance  

of the  neura l  pathways Harris suggested t h a t  cutaneous,  

v i s u a l ,  aud i to ry  and o the r  sensory information could be 

used t o  ob ta in  a motor response.  When t h i s  response occurs 

the  new sensory inpu t  from the  muscle a f f e r e n t s  w i l l  be 

r e l ayed  t o  t h e  h igher  c e n t r e s  and i n t e g r a t e d  w i t h  the  o ther  

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

and l ead  t o  a b e t t e r  c o n t r o l  of movement. Motor l e a r n i n g  

w i l l  occur when c o r r e c t  responses a r e  given t o  an e f f e c t i v e  

s t i m u l i ,  

This  t h e o r e t i c a l  concept has  been suppcrtcd by 

experimental  work. Herman (1970b) analysed the  s p a t i o -  

temporal p a t t e r n s  of EMG i n  the  muscles involved i n  the  

a c q u i s i t i o n  phases of s k i l l e d  motor performance. Herman 

concluded t h a t  v i s u a l  feedback provided important sensory 

information t o  t h e  c o r t e x ,  This information was i n t e g r a t e d  

w i t h  the  p e r i p h e r a l  sensory inpu t  t o  produce a high ga in  on 

the  muscle sp ind le  which improved performance. With r e p e t i -  

t i o n  of the  t a s k  the  i n t e g r a t i o n  of information c rea ted  an 

automatic s k i l l e d  movement. Q u a n t i t a t i v e  assessment of 

neuromuscular parameters i n  the  a c q u i s i t i o n  of skill have 

been made by Fin ley ,  Wirta and Cody (1968) while inves t iga -  

t i n g  the  design c r i t e r i a  f o r  myoe lec t r i ca l ly  c o n t r o l l e d  



pros theses .  The s u b j e c t  performed a simple movement of 

the  forearm i n  response t o  a  v i s u a l  t a r g e t ,  EMG records  

before and a f t e r  the  t r a i n i n g  period showed an increase  

i n  dominant a c t i v i t y  i n  the  a g o n i s t s  (prime movers). 

F in ley  a. suggested t h i s  was due t o  apparent  organi- 

s a t i o n  of the  neuromuscular system. 

Summary 

A l a r g e  body of empir ica l  observa t ions  exists 

which suppor ts  t h e  use of l o c a l  coo l ing  t o  reduce 

s p a s t i c i t y .  No d e f i n i t i v e  work has been found t o  

support  t h e  sugges t ion  t h a t  conscious c o n t r o l  of s p a s t i c  

muscles can be achieved by t h e  use of v i s u a l  and aud i to ry  

feedback. The sugges t ion  by DeVries (1968) t h a t  the  

q u a n t i t a t i v e  measures appl ied  t o  determine t h e  f u n c t i o n a l  

s t a t e  of a normal muscle a r e  app l i cab le  t o  s p a s t i c  muscu- 

l a t u r e  has r ece ived  l i t t l e  a t t e n t i o n .  

The p r e s e n t  s tudy inves t iga ted  t h e s e  ques t ions ,  



CHAPTER 111 

METHODS AND PROCEDURES 

METHOD 

M a t e r i a l s  

F ive  hemiplegic  p a t i e n t s  were t h e  s u b j e c t s  f o r  

t h i s  s tudy .  The c r i t e r i a  used t o  s e l e c t  t h e  p a t i e n t s  

were r 

1. C l i n i c a l  d i a g n o s i s  of  s p a s t i c i t y  i n  t h e  upper l imb, 

2, Evidence of  vo lun ta ry  movement i n  t h e  upper limb. 

3 ,  The a b i l i t y  t o  comprehend t h e  requi rements  of t h e  

exper iment .  

Re levant  medical  informa- t ion  i s  g iven  i n  Table I. 

Apparatus 

The f o r c e  lever1  was a v e r t i c a l ,  r i g i d  s t e e l  b a r  

i n c o r p o r a t i n g  two r e s i s t a n c e  s t r a i n  gauges (F igu res  1 and 2 ) .  

It  was mounted on a wooden p l a t fo rm which could be r o t a t e d  

through 180 deg rees  t o  accomodate e i t h e r  r i g h t  o r  l e f t  

forearms.  A sponge rubbe r  handgrip  surrounded a me ta l  bar 

which was b o l t e d  onto  t h e  l e v e r .  Force e x e r t e d  on t h e  

handgr ip  c r e a t e d  an out-of-balance v o l t a g e  which was 

Designed and c o n s t r u c t e d  by A ,  E .  Chapman, 
Department o f  Kines io logy ,  Simon F r a s e r  U n i v e r s i t y .  
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F O R C E  L E V E R  

S T R A I N - G A U G E  
T R A N S D U C E R  

STABILTZING 
P L A T E  

A R M  R E S T  

Figure 1: Diagrammatic representation of the frontal 
view of the dynamometer, 



H A N D G R I P  ,A 

F O R C E  L E V E  

S T R A I N -  GAUG 
T R A N S D U C E R  

STAB1 L I Z 1  N G 
P L A T E  

A R M  R E S T  

Figure 2: Diagrammatic representation of the side 
view of the dynamometer. 



d i r e c t l y  r e l a t e d  t o  t h e  d e f l e c t i n g  f o r c e .  This  appa ra tus  

se rved  as a dynamometer, Prev ious  c a l i b r a t i o n  v e r i f i e d  

t h a t  a l i n e a r  response  between ou tpu t  v o l t a g e  and d e f l e c t i n g  

f o r c e  e x i s t e d  throughout  t h e  e n t i r e  range of t h e  dynamometer, 

A four-channel  a m p l i f i c a t i o n  un i t1  w i t h  p lug- in  

modules was used t o  ampli fy  t h e  e l e c t r i c a l  s i g n a l s  from 

both  t h e  dynamometer and b i ceps  b r a c h i i  (F igu re  3 ) .  

S i g n a l s  from t h e  dynamometer were ampl i f i ed  through 

a S t r a i n  Gauge Amplif ier i .  

Electromyographic r e c o r d i n g s  were made from b iceps  

b r a c h i i  through two s i l v e r / s i l v e r  c h l o r i d e  s u r f a c e  e l e c t r o d e s  

3 f i v e  m i l l i m e t e r s  i n  d iameter  , The i n t e r f e r e n c e  p a t t e r n  of 

t h e  electromyogram ( E M G )  was ampl i f i ed  i n  a low n o i s e ,  h igh  

impedance p r e - a m p l i f i e r ,  l o c a t e d  on a u n i v e r s a l l y  a d j u s t a b l e  
4 arm, connected by p lug- in  c a b l e  t o  an a m p l i f i e r  . Random 

n o i s e  was reduced by s c r e e n i n g  and grounding t h e  EMG wire  

connec t ions .  Good e l ec t rode / sk in  c o n d u c t i v i t y  w a s  ensured 

by f i l l i n g  t h e  e l e c t r o d e s  w i t h  e l e c t r o d e  j e l l y 5 ,  s e c u r i n g  

them w i t h  adhes ive  washers and ab rad ing  t h e  s k i n  p r i o r  t o  

t h e i r  a t t achment .  A s i l v e r  ground p l a t e ,  f i v e  by t h r e e  

' T E ~ ,  Teca Corpora t ion ,  White P l a i n s ,  New York. 

 AD^, Teca Corpora t ion .  

3 ~ ~ ~ ,  Newport Beach, C a l i f o r n i a .  

' A A ~ ,  Teca Corpora t ion .  

%MI Low Ch lo r ide  Gel,  Newport Beach, C a l i f o r n i a ,  



Dynamometer  - 

Cathode 

sc~ I Ioscope  

e------ 

Tape R e c o r d e r  

F i g u r e  3 ;  Block diagram o f  a p p a r a t u s  used f o r  r e c o r d i n g  
and d i s p l a y .  



cent imeters ,  w a s  coated w i t h  e l ec t rode  j e l l y  and secured 

w i t h  a s t r a p  t o  the  d o r s a l  a spec t  of the  same forearm 

c lose  t o  the  elbow. Skin r e s i s t a n c e  was reduced by 

c l eans ing  the  s k i n  over the  muscle b e l l y  w i t h  isopropanol 

p r i o r  t o  the  a p p l i c a t i o n  of the  e l ec t rodes .  

A q u a n t i t a t i v e  measure of the  EMG vol tage  was 
1 obtained by e l e c t r i c a l  i n t e g r a t i o n  , The I n t e g r a t o r ,  an 

e l e c t r o n i c  device which r e c t i f i e s  and smooths the  EMG 

s i g n a l ,  con ta ins  two methods of a s s e s s i n g  the  mean vol tage  

of the  complex wave form c rea ted  dur ing  an i sometr ic  con- 

t r a c t i o n .  The Autoreset  mode records  pu l ses  which a r e  

p ropor t iona l  t o  the  r e c t i f i e d  vol tage .  The number of 

pu l ses  emit ted pe r  u n i t  time a r e  p ropor t iona l  t o  the  a r e a  

under the  curve of the  a c t i o n  p o t e n t i a l s  ( i . e . ,  the  vol tage-  

time i n t e g r a l ) .  The second method i s  Mean Voltage recording  

where the  EMG s i g n a l  d ischarges  through a  c a p a c i t o r  a t  a 

p r e - s e t  r a t e .  The recorded response from a  p r e - s e t  base 

l i n e  is  then p ropor t iona l  t o  the  vol tage  discharge pe r  u n i t  

time. For r ap id  changes i n  the  s i z e  of the  wave Mean Voltage 

recording  does n o t  respond a s  quickly  as the  Autoreset  method. 

For t h i s  reason Autoreset  was chosen a s  the  q u a n t i t a t i v e  

measure of i n t e g r a t i o n  and a l s o  a s  t h e  source of aud i to ry  

feedback, C a l i b r a t i o n  of the  I n t e g r a t o r  on numerous occasions 

v e r i f i e d  t h a t  a l i n e a r  response e x i s t e d  between the  vol tage/  

'16 I n t e g r a t o r ,  Teca Corporation, White P l a i n s ,  
, 

New York. 



t ime i n t e g r a l  of 

number o f  r e s e t s  

t h e  I n t e g r a t o r .  

t he  ampli tude of t h e  i n p u t  s i g n a l  and t h e  

p e r  second as a measure of t h e  ou tpu t  of 

The a c t i v e  muscle was cooled w i t h  i c e  packs prepared 

by f i l l i n g  wet t o w e l l i n g  w i t h  f l a k e d  i c e  and shaping  it i n t o  

a small pack. One l a y e r  of  t o w e l l i n g  s e p a r a t e d  t h e  i c e  from 

t h e  s k i n .  Repeated checks e s t a b l i s h e d  t h a t  t h e  temperature  

of t h e  pack when a p p l i e d  t o  t h e  s k i n  was two degrees  c e n t i -  

g r ade ,  A s  t h e  i c e  pack was p laced  d i r e c t l y  over  t h e  e l e c t r o d e s  

an experiment was conducted on a normal s u b j e c t ,  i n  an i d e n t i -  

c a l  way, t o  determine whether t he  e l e c t r i c a l  p r o p e r t i e s  of 

t h e  e l e c t r o d e s  were a l t e r e d  w i t h  t h i s  t echnique .  Due t o  

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

n o t  s u b j e c t e d  t o  t h e  same form of a n a l y s i s  as used i n  t h e  

main s tudy ,  I n s p e c t i ~ n  o f  t he  r e s u l t s  sugges ted  t h z t  nc 

change i n  t h e  e l e c t r i c a l  p r o p e r t i e s  of t he  e l e c t r o d e s  occured.  

P o s i t i o n  of s u b j e c t s .  The s u b j e c t  was s e a t e d  i n  a c h a i r  a t  

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

45 degrees ,  elbow r e s t i n g  on a padded r e s t  and f l e x e d  approxi -  

mately  120 deg rees  ( f u l l  ex t ens ion  r e p r e s e n t i n g  0  d e g r e e s ) .  

The forearm was sup ina t ed  and p a r a l l e l  t o  t h e  f o r c e  l e v e r  w i t h  

t h e  hand r e s t i n g  on t h e  handgrip .  F i g u r e s  1 and 2 i l l u s t r a t e  

t h e  p o s i t i o n .  The elbow r e s t  was a d j u s t a b l e  t o  accomodate 

t h e  d i f f e r e n c e s  i n  l e n g t h  o f  each s u b j e c t s  forearm. A l l  

s u b j e c t s  t o l e r a t e d  t h e  p o s i t i o n  w i t h  no d i scomfor t .  

V i sua l  and a u d i t o r y  d i s p l a y .  Two dev ices ,  i nco rpo ra t ed  i n t o  



t h e  Electromyograph,  were used t o  p rov ide  v i s u a l  and a u d i t o r y  

feedback.  

A cathode r a y  d i s p l a y  s c r e e n ,  a twelve by f i f t e e n  

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

d i sp l ayed  bo th  t h e  ou tpu t  from t h e  dynamometer ( f o r c e )  and 

a non-input t a r g e t  l i n e .  The d i s p l a y  s c r e e n  was placed 

d i r e c t l y  i n  f r o n t  of t he  s u b j e c t .  

Audio a m p l i f i c a t i o n  was obta ined  through a f r o n t  

mounted f i v e  by seven inch speaker .  The i n t e g r a t e d  EMG 

(IEMG) s i g n a l  w a s  chosen as t h e  most s u i t a b l e  form of 

a u d i t o r y  feedback as i t s  a u d i t o r y  o u t p u t  w a s  i n  t h e  form of 

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

i n t e n s i t y  of electromyogram a c t i v i t y .  

Recording of d a t a .  Data from t h e  i n t e g r a t o r ,  EMG 

a m p l i f i e r  and s t r a in -gauge  a m p l i f i e r  was recorded  by a f o u r  

channel  F/M t a p e  recorder1  and s t o r e d  on magnetic t a p e .  

The f o u r t h  channe l  was used t o  r e c o r d  a c o n t r o l  s i g n a l  

r e q u i r e d  t o  a c t i v a t e  t he  computer when t h e  d a t a  w a s  be ing  

conver ted .  

C o l l e c t i o n  of d a t a .  A l l  d a t a  was c o l l e c t e d  on t a p e  

i n  ana log  form. A d i g i t a l  computer2 w i t h  8K memory, 

i n t e r f a c e d  w i t h  an ana log  t o  d i g i t a l  c o n v e r t e r ,  w a s  used t o  

o b t a i n  d i g i t a l  v a l u e s  of f o r c e  and IEMG. No a t t empt  was 

3690 In s t rumen ta t ion  Recorder ,  Hewle tt Packard . 
P D P ~ / E ,  D i g i t a l  Equipment Corpora t ion ,  ~ a ~ n a r d ,  

Massachuset ts .  



made t o  i n t e r p r e t  t h e  i n t e r f e r e n c e  p a t t e r n  of t h e  EMG i n  

t h i s  s tudy .  

An ana log  t o  d i g i t a l  convers ion  programme (A/DC, 

Appendix 1) r e t r i e v e d  two hundred v a l u e s  of f o r c e  f o r  one 

second of each p u l l ,  These v a l u e s  were conver ted  and s t o r e d  

i n  t h e  core  memory of t h e  computer. One thousand v a l u e s  of 

t h e  cor responding  IEMG were s i m i l a r l y  r e t r i e v e d ,  conver ted  

and s t o r e d .  

A FOCAL programme (ASPROG, Appendix 2 )  was r u n  t o  

o b t a i n  a d i g i t a l  p r i n t o u t  of t h e  mean v a l u e s  and s t anda rd  

d e v i a t i o n  of f o r c e  f o r  each p u l l .  The IEMG v a l u e s  were 

eonver ted i n t o  t h e  number of r e s e t s  p e r  second.  

PROCEDURES 

The s u b j e c t  was p o s i t i o n e d  i n  t h e  dynamometer and 

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

produced a maximum vo lun ta ry  c o n t r a c t i o n  ( M V C )  t h e  

s e n s i t i v i t y  of t h e  s t r a in -gauge  a m p l i f i e r  was a d j u s t e d  t o  

o b t a i n  a f u l l - s c a l e  d e f l e c t i o n .  The non-input t a r g e t  l i n e  

was then  s e t  a t  30% of t h i s  d e f l e c t i o n .  The i n t e n s i t y  of 

t h e  t r a c e  from both  t h e  dynamometer and t h e  t a r g e t  l i n e  was 

a d j u s t e d  t o  ensure  c l e a r ,  v i s i b l e  s i g n a l s .  These s i g n a l s  

provided t h e  s u b j e c t  w i t h  t h e  v i s u a l  feedback of h i s  

performance. Force a p p l i e d  t o  t h e  dynamometer caused an  

immediate d e f l e c t i o n  of  the  i n p u t  t r a c e .  When a f o r c e  of 

30% of MVC was e x e r t e d  t h e  i n p u t  t r a c e  was superimposed on 

t h e  t a r g e t  l i n e .  



To e s t a b l i s h  a d i s t i n c t  aud io  s i g n a l  from the  

i n t e g r a t o r  t h e  g a i n  on t h e  EMG a m p l i f i e r  was a d j u s t e d  whi le  

t h e  s u b j e c t  produced a f o r c e  of 30% of MVC,  

These procedures  were fol lowed f o r  each s u b j e c t  on 

each day. 

To f a m i l i a r i z e  themselves w i t h  t h e  equipment and t h e  

requi rements  of t h e  exper iments ,  a l l  s u b j e c t s  undertook t h e  

f u l l  exper iment  once on a p r e - t e s t  b a s i s ,  

A i i  s u b j e c t s  completed twelve t r i a l s  (Monday, 

Wednesday, F r iday  f o r  f o u r  weeks) w i t h  t h e  excep t ion  of 

S u b j e c t  1 who could n o t  complete t h e  e l e v e n t h  t r i a l  due t o  

a sudden i n d i s p o s i t i o n .  

Two work t a s k s  were performed. Work Task 1 ( w T ~ )  

w a s  executed on each day of t h e  t r a i n i n g  p e r i o d .  Work Task 

2 (WT2) was performed on t h e  las t  f i v e  days  on t h e  t r a i n i n g  

p e r i o d .  

Work Task  1 (WT1) 

WT1 comprised twenty i s o m e t r i c  c o n t r a c t i o n s .  For 

each c o n t r a c t i o n  the  s u b j e c t  was t o l d  t o  match t h e  t a r g e t  

l i n e ,  main ta in  t h e  c o n t r a c t i o n ,  and r e l a x .  The time r e q u i r e d  

f o r  one c o n t r a c t i o n  sequence was f i v e  seconds.  T h i s  was 

fol lowed by a r e s t  pause of f i f t e e n  seconds.  The s u b j e c t  

was encouraged t o  l i s t e n  t o  t he  audio  s i g n a l  and use t h i s  

a d d i t i o n a l  in format ion  t o  he lp  h im s u s t a i n  t h e  c o r r e c t  

i s o m e t r i c  f o r c e .  A r e c o r d i n g  was made of each p u l l  f o r  a 

pe r iod  of one second.  The t a p e  r e c o r d e r  was switched on' 



and the  c o n t r o l  s i g n a l  a c t i v a t e d  when t h e  s u b j e c t  had 

produced s u f f i c i e n t  f o r c e  t o  match t h e  t a r g e t  l i n e ,  

Following t h i s  s e t  of c o n t r a c t i o n s  t h e  s u b j e c t s  hand 

was disengaged f r o m  t h e  handgrip  and t h e  s i g n a l  from t h e  

s t ra in-gauge  a m p l i f i e r  was s e t  t o  match t h e  t a r g e t  l i n e .  

A r eco rd ing  was made of t h i s  t a r g e t  s i g n a l .  

With t he  s u b j e c t  r e - p o s i t i o n e d  i n  t h e  dynamometer 

an  i c e  pack was p laced  over b i ceps  b r a c h i i .  A f t e r  f i f t e e n  

minutes of c o o l i n g  t h e  i c e  pack was removed and t h e  s u b j e c t  

r epea t ed  t h e  work t a s k ,  Recordings were made of each p u l l  

and a  second t a r g e t  s i g n a l  completed t h e  r e c o r d i n g .  

Work Task 2 (WT2) 

A s e r i e s  of graded c o n t r a c t i o n s  were performed and 

recorded.  The i n i t i a l  r e c o r d i n g  was made w i t h  t h e  s u b j e c t  

a t  r e s t ,  e x e r t i n g  no f o r c e .  S i x  f u r t h e r  r e c o r d i n g s  were 

taken w i t h  each succes s ive  i s o m e t r i c  c o n t r a c t i o n  i n c r e a s i n g  

i n  magnitude by approximately  10%. The s u b j e c t  used t h e  

l i n e a r  s c a l e  on t h e  s t r a in -gauge  a m p l i f i e r  t o  e s t i m a t e  each 

increment.  Immediately a f t e r  c o o l i n g  a second s e r i e s  of 

graded c o n t r a c t i o n s  were performed. 

The time r e q u i r e d  f o r  each s u b j e c t  t o  complete bo th  

work t a s k s  was f o r t y f i v e  minutes .  

Problems 

A number of u n c o n t r o l l a b l e  v a r i a b l e s  were p r e s e n t  

throughout  t h e  exper imenta l  procedure .  
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The s u b j e c t s  were encouraged t o  ma in t a in  t h e  same 

p o s i t i o n  throughout  each d a i l y  s e s s i o n ,  however, some s l i g h t  

v a r i a b i l i t y  was unavoidable when the  i c e  pack was a p p l i e d ,  

A s  t h e  requi rements  of the  s u b j e c t  was t o  match a t a r g e t  s e t  

a t  30% of MVC and n o t  t o  produce maximal f o r c e  it was f e l t  

t h a t  sma l l  v a r i a t i o n s  i n  pos tu re  were n o t  d e t r i m e n t a l ,  

The r e p r o d u c i b i l i t y  of t h e  s u b j e c t s  p o s i t i o n  from 

day t o  day was a f f e c t e d  by a number of f a c t o r s .  

The p h y s i c a l  and emotional  wel l -be ing  of t h e  s u b j e c t s  

underwent some f l u c t u a t i o n s  du r ing  t h e  f o u r  week p e r i o d ,  A s  

bo th  t h e s e  f a c t o r s  can a f f e c t  t h e  degree  of s p a s t i c i t y  

(Roasenda and Ellwood, 1963) it must be assumed t h a t  t h e r e  

was some v a r i a t i o n  i n  s p a s t i c i t y  throughout  t h e  experiment.  

The schedu l ing  of t h e  s u b j e c t s  r e q u i r e d  t h e  dyna- 

mometer t o  be r o t a t e d  twice  a day t o  accomodate both  r i g h t  

and l e f t  arms. A s  t h e  c h a i r  was independent  of t h e  

dynamometer s l i g h t  changes i n  t h e i r  r e l a t i v e  p o s i t i o n s  was a 

p o s s i b l e  source  of v a r i a b i l i t y ,  To ensure  c o n s i s t e n t  

p o s i t i o n i n g  of t h e  forearm i n  t h e  dynamometer i n d i v i d u a l  

f i x a t i o n  ( s p l i n t i n g )  would have been r e q u i r e d .  A s  t h i s  type 

of f i x a t i o n  c r e a t e s  d i scomfor t  and d i s t r a c t i o n  i t s  incorp-  

o r a t i o n  i n t o  t h e  appa ra tus  was r e j e c t e d .  

A s  t h i s  experiment was conducted under c l i n i c a l  

c o n d i t i o n s  t h e s e  v a r i a b l e s  had t o  be accep ted ,  

The experiment was conducted i n  an  unused o f f i c e  

a t  t he  G .  F ,  S t r o n g  R e h a b i l i t a t i o n  Cen t r e ,  Vancouver, B..  C .  



Due t o  the  c h a r a c t e r i s t i c s  of the  bu i ld ing  two important 

sources  of ou t s ide  i n t e r f e r e n c e  were unavoidably p resen t .  

Electromyographic equipment i s  susceptable  t o  extraneous 

electromagnet ic  and e l e c t r o s t a t i c  f o r c e s ,  Shor t  wave 

diathermy machines a r e  a  powerful source of e x t e r n a l  i n t e r -  

f e rence ,  On a number of occasions s h o r t  wave diathermy was 

being used i n  an ad jo in ing  room while an experimental  

ses s ion  was i n  p rogress ,  When t h i s  occurred the  IEMG s i g n a l  

was d i s t o r t e d  and unable t o  be used a s  a source of aud i to ry  

feedback t o  the  s u b j e c t .  A s  t he  output  from the  dynamometer 

was unaffected by t h i s  i n t e r f e r e n c e  the  t r i a l  continued 

us ing  v i s u a l  feedback only.  

A f u r t h e r  i n t e r f e r e n c e  f a c t o r  was p r e s e n t  through- 

ou t  t h e  e n t i r e  experiment. The fo rce  l e v e r  was a  h ighly  

s e n s i t i v e  instrument  w i t h  a  low moment o f  i n e r t i a .  Any 

v i b r a t i o n  i n  the  room c rea ted  a d e t e c t a b l e  o s c i l l a t i o n  i n  

the  l e v e r .  Due t o  a major r e -cons t ruc t ion  p r o j e c t  on the  

ad jacen t  p roper ty  a  cons tan t  v i b r a t i o n  was p resen t  i n  the  

f l o o r i n g  of the  room. T h i s  caused a v a r i a b l e  degree of 

o s c i l l a t i o n  i n  the  fo rce  l e v e r ,  A s  t h i s  i n t e r f e r e n c e  was 

of high frequency and low amplitude i t s  e f f e c t s  were 

n e g l i g i b l e  i n  terms of both mean f o r c e  and i t s  c o n t r i b u t i o n  

t o  v a r i a t i o n  of the  output  from the  f o r c e  t ransducer  

( s tandard  dev ia t ion  = 0.5% of i t s  output  a t  30% of MVC). 

To prevent  t h i s  a f f e c t i n g  the v i s u a l  s i g n a l  t o  the  s u b j e c t  

a sweep t r a c e  time of 0.5 mi l l i seconds  was maintained o n .  



t h e  CRO f o r  t h e  e n t i r e  exper imenta l  procedure .  

Analysis of  Data 

Work Task  1 - 
Conversion of t h e  d i g i t a l  v a l u e s  of mean f o r c e  ( F )  

p e r  second p e r  p u l l  t o  p e r c e n t  MVC was e f f e c t e d  from t h e  

v a l u e s  cor responding  t o  30% of MVC ( t a r g e t  s i g n a l )  and t h e  

r e s t i n g  l e v e l  of t h e  f o r c e  l e v e r  f o r  each  s u b j e c t .  

C a l c u l a t i o n s  were done by computer (Appendix 3 )  

t o  o b t a i n  t h e  fo l lowing  v a l u e s  f o r  each s u b j e c t  on each t r i a l .  - 
a )  mean f o r c e  ( F )  

b )  mean s t a n d a r d  d e v i a t i o n  

c )  c o e f f i c i e n t  of va r i ance  

These v a l u e s  were pooled f o r  a l l  s u b j e c t s  f o r  an 

a n a l y s i s  o f  va-riance (Appendix 4)  . 
The fo l lowing  g r a p h i c a l  r e l a t i o n s h i p s  were examined: 

a )  i n d i v i d u a l  p u l l s  of each t r i a l  f o r  each  s u b j e c t  under 

ambient and cooled muscle c o n d i t i o n s  compared t o  t h e  

t a r g e t  f o r c e .  - 
b )  mean f o r c e  ( F )  f o r  each t r i a l  f o r  each  s u b j e c t  under 

ambient and cooled muscle c o n d i t i o n s  compared t o  t h e  

t a r g e t  f o r c e  . 
A non-parametr ic  s t a t i s t i c a l  t e s t ,  t h e  s i g n  t e s t  

( S i e g e l ,  1956) was used t o  determine s i g n i f i c a n t  d i f f e r e n c e s .  - 
The cons ide rab le  s c a t t e r  t h a t  occurred between F  

and IEMG prevented f u r t h e r  a n a l y s i s  of t h e s e  parameters .  



This relationship is illustrated in Figure 12, 

Work T a s k  2 - 
The graphical relationship between F and IEMG was 

examined for each subject on each day under both ambient 

and cooled muscle conditions, 



CHAPTER IV 

RESULTS 

A b i l i t y  t o  Produce an Isometr ic  Force - 
The mean f o r c e  (F )  f o r  each p u l l  on each t r i a l  was 

compared t o  t h e  t a r g e t  f o r c e  (30% of M V C ) .  F igures  4 - 8 

p r e s e n t  these  r e s u l t s  f o r  t r ia l  1 (TI) and t r i a l  12  (TI21 

under ambient cond i t ions .  The mean s t andard  e r r o r  of a11 

p u l l s  is  inc luded on t h e  i n i t i a l  p u l l ,  

S u b j e c t  3 (Figure 6 )  presented  t h e  most obvious 

change i n  a b i l i t y .  The first f o u r  p u l l s  of Ti caused t h e  

dynamometer t o  be d e f l e c t e d  i n  t h e  r e v e r s e  d i r e c t i o n .  

This  i n d i c a t e d  t h a t  t h e  f o r c e  was e x e r t e d  by t h e  ex tensors  

of t h e  elbow i n s t e a d  of t h e  f l e x o r s .  T h i s  r e v e r s e  e f f e c t  

occurred only once more throughout experiment ( p u l l  6,  

t r i a l  5 )  . 
The r e s u l t s  from T I  i n d i c a t e d  t h a t  none of t h e  a 

s u b j e c t s  matched t h e  t a r g e t  f o r c e .  Close approximation 

t o  t h e  t a r g e t  f o r c e  of 30% O f  MVC was achieved by S u b j e c t s  

4 and 5 wi th  a mean f o r c e  of 29.5% of MVC. Tables  I1 - VP 
summarize t h e  i n d i v i d u a l  r e s u l t s  f o r  each s u b j e c t  on each 

t r i a l .  

Improvement i n  Contro l  wi th  T r a i n i n g  

Inspec t ion  of t h e  d a t a  i n d i c a t e d  t h a t  t h e  a b i l i t y  

42 
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of each s u b j e c t  t o  c o n t r o l  a s p e c i f i c  f o r c e  had a l t e r e d  

du r ing  t h e  exper iment .  The s i g n  t e s t  w a s  a p p l i e d  t o  determine - 
when t h i s  change had occur red ,  The d i f f e r e n c e  between F 

and 30% of MVC f o r  each p u l l  w a s  compared w i t h  t h e  

cor responding  p u l l  on t h e  preceed ing  t r i a l  i . e ,  T2 - T I ,  

T 3  - T2,. . . .  TI2 - T 1 1 ,  These r e s u l t s  showed t h a t  t h e  

v a r i a b i l i t y  of t h e  response decreased  i n  f o u r  s u b j e c t s .  A s  

t h e  v a r i a b i l i t y  of t h e  response  w a s  cons ide red  t o  be a n  

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

f o r c e  it was concluded t h a t  S u b j e c t  1 improved h i s  l e v e l  

of c o n t r o l  by T 3 ,  S u b j e c t  2  by T2, S u b j e c t s  3 and 4 by T 4 .  

No s i g n i f i c a n t  improvement could be found f o r  S u b j e c t  5. 

To e s t a b l i s h  whether t h i s  improvement i n  c o n t r o l  

was mainta ined du r ing  t h e  e n t i r e  experiment t h e  d i f f e r e n c e s  

i n  t h e  v a r i a b i l i t y  of t he  response on T I  were compared t o  

t h e  d i f f e r e n c e s  on T12. These r e s u l t s  i n d i c a t e d  t h a t  t h e  

l e a r n i n g  e f f e c t  was mainta ined i n  S u b j e c t s  2  and 3. The 

improvement i n  t h e  a b i l i t y  t o  c o n t r o l  a f o r c e  t h a t  had been 

demonstrated by S u b j e c t s  1 and 4 was n o t  e v i d e n t  by t r i a l  12.  

E f f e c t  of Cool ing  

Changes i n  t h e  a b i l i t y  of t h e  s u b j e c t s  t o  produce 

and c o n t r o l  a s p e c i f i c  f o r c e  a f t e r  l o c a l  c o o l i n g  were n o t  

s i g n i f i c a n t  e i t h e r  on i n d i v i d u a l  t r ia ls  o r  over t h e  e n t i r e  

exper iment .  One s i g n i f i c a n t  r e s u l t  was found f o r  S u b j e c t  3 

on t r i a l  1. A s  t h i s  change occurred whi le  l e a r n i n g  was 

s t i l l  t a k i n g  p l a c e  t h e  change could n o t  be a t t r i b u t e d  s o l e l y  
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t o  t h e  e f f e c t  of coo l ing .  To c l a r i f y  t h i s  p o i n t  comparisons 

were made between t h e  v a r i a b i l i t y  of  each p u l l  T I  cooled and 

T2 ambient .  Th i s  t e s t  y i e l d e d  no s i g n i f i c a n t  d i f f e r e n c e .  

A s  similar comparisons of t he  remaining t r i a l s  a l s o  were n o t  

s i g n i f i c a n t  it w a s  concluded t h a t  t h i s  random even t  d i d  n o t  

i n d i c a t e  t h a t  c o o l i n g  had improved t h e  a b i l i t y  of t h e  s u b j e c t  

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

Analysis of IEMG 

I n t e g r a t e d  EMG was used as a source  of a u d i t o r y  

feedback i n  WT1. Examination of t h e  raw d a t a  i n d i c a t e d  t h a t  

cons ide rab le  s c a t t e r  occur red  i n  t h e  r e l a t i o n s h i p  between 

t h e  mean f o r c e  of  each p u l l  and t h e  IENG (example F igure  1 2 ) .  

However t h e r e  was a s l i g h t  tendency f o r  t h e  IEMG t o  i n c r e a s e  

as muscular f o r c e  i nc reased .  Th i s  s c a t t e r  i n d i c a t e d  t h a t  

t h e  l e v e l  of IEMG used i n  t h i s  exper iment  had n o t  p rov ided  

a r e l i a b l e  source  of a u d i t o r y  feedback t o  t h e  s u b j e c t s .  

This  phenomenon e x i s t e d  a t  bo th  l e v e l s  of t empera ture ,  

however, t h e  v a l u e s  of IEMG produced was c o n s i s t e n t l y  h ighe r  

a f t e r  t he  muscle had been cooled.  The r e s u l t s  from WT2 

allowed a more d e t a i l e d  examinat ion of t h i s  t r e n d .  

I E M G / F O ~ C ~  (WT2) (F igu re  13, Tables  V I I  - X I )  

Twentyfour s e p a r a t e  t r i a l s  were conducted which 

compared t h e  amount of IEMG ( re se t s / s econd)  produced i n  

response  t o  d i f f e r e n t  l e v e l s  of f o r c e  (%MVC) a t  both  ambient  

temperature  and a f t e r  c o o l i n g  of t h e  muscle. The values.  



obtained demonstrated t h a t  a  t rend  t o  l i n e a r i t y  e x i s t e d  

between IEMG and f o r c e  a t  both temperature l e v e l s  employed, 

I n  seventeen t r i a l s  a  s i g n i f i c a n t  inc rease  i n  the  

amount of IEMG produced f o r  the same fo rce  exer ted  was 

observed a f t e r  cool ing .  These f i n d i n g s  apparent ly  ind ica ted  

t h a t  the  c o n t r a c t i l e  p r o p e r t i e s  of t h e  muscle had a l t e r e d  

w i t h  cool ing.  A s  t e c h n i c a l  d i f f i c u l t i e s  prevented an 

a n a l y s i s  o f  the  i n t e r f e r e n c e  p a t t e r n  of the  EMG records  of 

the s u b j e c t s  a s e p a r a t e  experiment was conducted on a normal 

s u b j e c t ,  us ing  the  same technique as in  t h e  main s tudy,  t o  

a l l o w  d e t a i l e d  examination of the i n t e r f e r e n c e  p a t t e r n  of 

the EMG a f t e r  cool ing .  The r e s u l t s  from t h i s  experiment 

showed t h a t  while maintaining the  same fo rce  a s  before 

cool ing ,  a change i n  waveform was produced w i t h  an increase  

i n  the  du.raation of the  a c t i o n  p o t e n t i a l .  



Figure  41 Sub,iect  1 

Mean f o r c e  (%MVC) f o r  
each  p u l l  compared t o  
t a r g e t  f o r c e  ( ~ O % M V C )  
under  ambient c o n d i t i o n s  
The mean s t a n d a r d  e r r o r  
of a l l  p u l l s  i s  inc luded  
on t h e  i n i t i a l  p u l l .  
Trial  1 - s o l i d  l i n e  
Trial  1 2  - broken l i n e .  





TABLE 11. Showing the  range and mean value of fo rce  (%MVC) 
corresponding t o  IEMG ( r e s e t s / s e c . )  f o r  each day of training 
under e i t h e r  ambient ( A )  o r  cooled ( B )  muscle condi t ions .  

SUBJECT 1 

DAY TEMP, RANGE FORCE IEMG 

11 A 27.0-29.0 28.0 
B n o t  performed 

19 

- - 

x - IEMG i n v a l i d  due t o  i n t e r f e r e n c e  



Figure  ' j a  S u b j e c t  2 

Mean f o r c e  (%MVC) f o r  
each p u l l  compared t o  
t a r g e t  f o r c e  (30gMVC) 
under ambient  c o n d i t i o n s .  
The mean s t a n d a r d  e r r o r  
of a l l  p u l l s  is  inc luded  
on t h e  i n i t i a l  p u l l .  
T r i a l  1 - s o l i d  l i n e  
Trial  1 2  - broken l i n e .  





TABLE 111. Showing the  range and mean value o f  f o r c e  (%MVC) 
corresponding t o  IEi.iG ( r e s e t s / s e c . )  f o r  each day o f  t r a i n i n g  

I under e i t h e r  ambient ( A )  o r  cooled (B) muscle cond i t ions .  

SUBJECT 2 

FORCE DAY 

1 



Figu re  61 S u b j e c t  3 

Mean f o r c e  (%MVC) f o r  
each  p u l l  compared t o  
t a r g e t  f o r c e  (30%MVC) 
under  ambient  c o n d i t i o n s .  
The mean s t a n d a r d  e r r o r  
o f  a l l  p u l l s  i s  inc luded  
on t h e  i n i t i a l  p u l l .  
Trial  1 - s o l i d  l i n e  
Trial  1 2  - broken l i n e .  







Figure  7 1  S u b j e c t  4 

Mean f o r c e  ( ~ M V C )  f o r  
each p u l l  compared t o  
t a r g e t  f o r c e  (~O%MVC) 
under ambient c o n d i t i o n s ,  
The mean s t a n d a r d  e r r o r  
of a l l  p u l l s  is  inc luded  on 
t h e  i n i t i a l  p u l l .  
T r i a l  1 - s o l i d  l i n e  
Tr ia l  1 2  - broken l i n e ,  





TABLE V .  Showing the  range and mean value of f o r c e  (@?VC) 
corresponding t o  IEbiG ( r e s e t s / s e c . )  f o r  each day of t r a i n i n g  
under e i t h e r  ambient ( A )  o r  cooled (B) muscle condi t ions .  

SUBJECT 4 

DAY 

1 

FORCE 

29.5 
30.0 

29.5 
29.0 

30.0 
29.5 

30.0 
29.5 

29.5 
29.5 

30.0 
28.5 

29.0 
30.5 

29.0 
30.0 

30.0 
30.0 

29.0 
29.0 

29.5 
29.5 

29.5 
29.0 

IEMG 

X 
X 

21 
cln 
J 7  

11 
16 

25 
31 

11 
19 

12 
X 

22 
32 

23 
34 

18 
28 

11 
1 7  

25 
39 

27 
X 

x - IEMG i n v a l i d  due t o  i n t e r f e r e n c e  



Figure  81 S u b j e c t  5 

Mean f o r c e  (%MVC) f o r  
each p u l l  compared t o  
t a r g e t  f o r c e  (30%MVC)  
under ambient c o n d i t i o n s .  
The mean s t anda rd  e r r o r  
of a l l  p u l l s  i s  inc luded  
on t h e  i n i t i a l  p u l l .  
T r i a l  1- s o l i d  l i n e  
Trial  12 - broken l i n e .  





TABLE V I .  show in^ the range and mean value of force ($MVC) 
r corresponding to b h G  (resets/sec.) for each day of training 

under either ambient (A) or cooled (B) muscle conditions, 

DAY 

1 

FORCE 

29.5 
28.5 

26.5 
97 r 
' -1 *./ 

26.5 
27.0 

28.5 
29.0 

28.5 
26.0 

30.0 
29.0 

28.0 
30.0 

29.0 
29.0 

30.0 
29.5 

29.0 
27.5 

29.0 
29.0 

29.0 
29.0 

-. - 
x - IEKG invalid due to interference, 



Figu re  9 ;  Mean f o r c e  (%MVC) f o r  
each  day compared t o  
t a r g e t  f o r c e  ( ~ O % M V C )  . 
Ambient - s o l i d  l i n e  
Cooled - dashed l i n e .  

S u b j e c t  1 (uppe r )  
S u b j e c t  2 ( lower )  
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Figure  101 Mean f o r c e  (SMVC) f o r  
each day compared t o  
t a r g e t  f o r c e  (~o%MvC). 
Ambient - s o l i d  l i n e  
Cooled - broken l i n e .  

S u b j e c t  3. 
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Figure 11; Mean f o r c e  (%MVC) f o r  
each day compared t o  
t a r g e t  fo rce  (30%MVC), 
Ambient - s o l i d  l i n e  
Cooled - broken l i n e .  

Subjec t  4 (upper)  
Subjec t  5 ( lower ) .  
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Figure 121 Mean force (%MVC) and 
IEMG (resets/sec . ) 
for each pull under 
ambient conditions. 

Subject 2, trial 4, 





Figure 13 t Mean force ( ~ M V C )  and 
IEMG (resets/sec.  ) 
Ambient - so l id  l i n e  
Cooled - dashed l i n e  

Subject 1,WT2, Day 10. 





CHAPTER V 

DISCUSSION 

A b i l i t y  t o  Produce a  S p e c i f i c  Force 

Sub,ject 1 ( ~ i g u r e s  4 and 9;  Table 11). The medical 

information ind ica ted  t h a t  t h i s  s u b j e c t  had a  moderate 

degree of s p a s t i c i t y  w i t h  l i m i t e d  func t ion .  He was r e c e i v i n g  

i n t e n s i v e  r e h a b i l i t a t i o n  and was showing improvement. 

I n  the  i n i t i a l  t r i a l  t h i s  s u b j e c t  showed a range of 

v a r i a b i l i t y  of each p u l l  of 10% of MVC wi th  a mean response 

( i . e ,  mean value of a l l  p u l l s )  of 28% of MVC. Close 

approximation t o  the  t a r g e t  fo rce  occurred on p u l l  5, T h i s  

l e v e l  was n o t  maintained and the  remaining p u l l s  va r i ed  abcvc 

and below the  t a r g e t  fo rce  i n  an i r r e g u l a r  p a t t e r n ,  T r i a l  2  

showed a similar i r r e g u l a r i t y .  On t r i a l  3 the  v a r i a b i l i t y  

had decreased t o  6% of MVC wi th  a mean response of  30.5% of 

MVC. This s i g n i f i c a n t  improvement i n  c o n t r o l  ind ica ted  t h a t  

l e a r n i n g  had occurred,  Close approximation of the mean 
+ response t o  t h e  t a r g e t  ( -  1.5% of MVC) w a s  maintained u n t i l  

t r i a l s  11 and 12 when performance dec l ined .  The e f f e c t s  of 

a sudden phys ica l  i n d i s p o s i t i o n ,  which occurred on t r i a l  11 

and was s t i l l  evident  on t r i a l  12 ,  could account f o r  t h i s  

d e t e r i o r a t i o n  i n  performance. A s  noted by Long g. 

(1964) and Roasenda and Ellwood (1961) the  management of 



s p a s t i c i t y  can be complicated by many p h y s i c a l  f a c t o r s .  

W i t h  t h e  excep t ion  of  t h e s e  two t r i a l s  S u b j e c t  1 showed an  

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

w i t h  improvement i n  c o n t r o l  o c c u r r i n g  over  time. 

S u b j e c t  2 (F igu res  5 and 9 ,  Tzble  111). This  s u b j e c t  

had a mild degree  of s p a s t i c i t y  w i t h  good f u n c t i o n .  He was 

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

t a k i n g  p l a c e .  

I n  t h e  i n i t i a l  t r i a l  t h i s  s u b j e c t  had a range of 

v a r i a b i l i t y  of each p u l l  of 2.5% of MVC w i t h  a mean response  

t o  t h e  t a r g e t  of 28.5% of MVC. Although c l o s e  approximat ion 

t o  t he  t a r g e t  occur red  on p u l l  2 t h e  remaining p u l l s  

d i sp l ayed  an i r r e g u l a r  p a t t e r n  w i t h  t h e  f o r c e  produced be ing  

c o n s i s t e n t l y  below t h e  t a r g e t  f o r c e .  On t r i a l  2  t h e  s u b j e c t  

matched t h e  t a r g e t  f o r c e  w i t h  a mean response  of 30.0% of 

MVC. With t h e  excep t ion  of t r i a l  4 t h i s  s u b j e c t  produced a 

mean response  of + 1.0% of MVC th roughout  t h e  twelve t r i a l s  - 
w i t h  t r i a l  12  showing s i g n i f i c a n t  improvement over  t r i a l  1. 

These r e s u l t s  i n d i c a t e  t h a t  s u b j e c t  2 could produce a 

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

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

No e x p l a n a t i o n  can be o f f e r e d  t o  account  f o r  t h e  i n c o n s i s t e n t  

r e s u l t  on t r i a l  4. 

An i n t e r e s t i n g  o b s e r v a t i o n  was made d u r i n g  t h e  

course  of t h e  exper imenta l  procedure .  The s u b j e c t  was ve ry  

consc ious  t h a t  t h e  a u d i t o r y  feedback w a s  an  i n d i c a t o r  of 
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muscular a c t i v i t y ,  In  an a t tempt  t o  r e l a x  b iceps  b r a c h i i  

and achieve a ' s i l e n t '  muscle i n  the  r e s t  pauses,  the  s u b j e c t  

exer ted  f o r c e  i n  the  opposi te  d i r e c t i o n  ( i , e ,  c o n t r a c t i o n  

of t r i c e p s ) ,  T h i s  e f f e c t i v e l y  s i l enced  b iceps  b r a c h i i  but  

the  e f f e c t  was only maintained while the  t r i c e p s  was being 

used, A s  soon a s  the  extensors  were r e l axed  the  e l e c t r i c a l  

a c t i v i t y  i n  the  f l e x o r s  r e tu rned  t o  the  o r i g i n a l  l e v e l .  

T h i s  example of r e c i p r o c a l  r e l a x a t i o n  can be compared t o  the  

f ind ings  of Levine g,  (1954). These au thors  s t a t e d  t h a t  

r e c i p r o c a l  inne rva t ion  was an important element i n  r e f l e x  

movement, e s p e c i a l l y  s p a s t i c i t y .  The experimental  evidence 

presented t o  support  t h i s  conclusion showed t h a t  e l e c t r i c a l  

s t imula t ion  of the  an tagon i s t  muscles was followed by an 

increase  i n  range of pass ive  movement of a s p a s t i c  limb, 

This implied reduct ion  i n  s p a s t i c i t y ,  While the r e c i p r o c a l  

r e l a x a t i o n  observed i n  the p r e s e n t  s tudy comfir~ned the  

t h e o r e t i c a l  view of Levine e t  a l .  (1954) t he  t r a n s i e n t  -- 
na tu re  of t h i s  r e l a x a t i o n  c o n f l i c t e d  wi th  t h e i r  experimental  

evidence,  Fur ther  electromyographic i n v e s t i g a t i o n  would 

be requi red  t o  c l a r i f y  t h i s  p o i n t .  

The t r a n s i e n t  e f f e c t s  of r e c i p r o c a l  r e l a x a t i o n  

could be converted i n t o  a  more u s e f u l  and permanent form of 

r e l a x a t i o n  by providing hemiplegic p a t i e n t s  wi th  EMG 

evidence of the  presence o r  absence of e l e c t r i c a l  a c t i v i t y  

i n  both the  s p a s t i c  and an tagon i s t  muscles while i sometr ic  

c o n t r a c t i o n s  were being performed, The work of Jacobs and 
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F e l t o n  (1969) and Hardyck et 2. (1966) demonstrated t h e  

e f f e c t i v e n e s s  of v i s u a l  and a u d i t o r y  feedback i n  o b t a i n i n g  

r e l a x a t i o n  of normal musculature .  A s  t h e  p r e s e n t  s tudy  has  

shown t h a t  p a t i e n t s  w i t h  s p a s t i c i t y  respond t o  t h e s e  forms 

of feedback when l e a r n i n g  t o  c o n t r o l  g r o s s  motor ou tpu t  it 

i s  suggested t h a t  t h e  same technique can be employed t o  

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

Sub jec t  3 (Figures 6 and 10, Table I V )  . v h ; ~  n r 7 h i n - +  * I ' . A . U  U U V  JGL, .,L) 

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

exp res s ive  a p h a s i a  w i t h  no impairment of  comprehension. 

Phys io therapy  and Occupat ional  t he rapy  had been d i scon t inued .  

The i n i t i a l  t r i a l  of t h i s  s u b j e c t  p re sen ted  some 

ve ry  d e f i n i t e  t r e n d s .  A s  i n d i c a t e d  i n  t h e  p rev ious  Chapter  

t h e  first f o u r  p u l l s  were e x e r t e d  i n  t h e  oppos i t e  d i r e c t i o n ,  

Th i s  tendency t o  push i n s t e a d  of p u l l  was a l s o  noted by 

Mecomber and Herman (1971). A s  t h e  e l e c t r i c a l  a c t i v i t y  was 

be ing  recorded  from b iceps  b r a c h i i  it w a s  p o s s i b l e  t o  

observe t h e  sequence of e v e n t s  and e v a l u a t e  t h i s  phenomenon. 

A t  r e s t  t h e  f l e x o r s  were a lmost  s i l e n t ;  as t h e  s u b j e c t  

a t t empted  t o  match the  t a r g e t  f o r c e  t h e  e l e c t r i c a l  a c t i v i t y  

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

e x t e n s o r s  ( t r i c e p s )  a l s o  occur red .  The e x t e n s o r  c o n t r a c t i o n  

was of s u f f i c i e n t  s t r e n g t h  t o  overcome t h e  f o r c e  of b i ceps  

b r a c h i i  c aus ing  t h e  dynamometer t o  r e g i s t e r  a va lue  f o r  

ex t ens ion .  A s  t h e  s u b j e c t  i nc reased  h i s  e f f o r t  t o  match 

t h e  t a r g e t  a cor responding  i n c r e a s e  i n  ex t ens ion  occur red .  
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On the  f i f t h  a t tempt  t o  match the  v i s u a l  s i g n a l  the  fo rce  

of the  f l e x o r s  w a s  s u f f i c i e n t  t o . c o u n t e r a c t  the  extensors  

and a  p o s i t i v e  value f o r  fo rce  w a s  r e g i s t e r e d ,  This demon- 

s t r a t i o n  of co-contract ion is  a t  var iance wi th  the  concept 

of r e c i p r o c a l  innervat ion  (Levine et &., 1954) but  i s  i n  

agreement w i t h  the  work of Bobath (1969) who s t a t e d  t h a t  

co-cont rac t ion  occurred when the  a n t a g o n i s t s  of a s p a s t i c  

muscle were s t imula ted .  Bobath proposed t h a t  r e c i p r o c a l  

inne rva t ion  was d i f f e r e n t  i n  a p a t i e n t  wi th  an upper moto- 

neuron l e s i o n  t o  one w i t h  a  normal CNS. Fur the r  i n v e s t i g a t i o n  

involv ing  p a t i e n t s  w i t h  d i f f e r e n t  l e v e l s  of s p a s t i c i t y  

would be requ i red  t o  determine whether co-cont rac t ion  i s  

confined t o  p a t i e n t s  w i t h  g ross  s p a s t i c i t y ,  

The r e s u l t s  of t r i a l  3, r e in fo rced  by the  obser- 

v a t i o n s  o f  the  au thor ,  ind ica ted  t h a t  co-cont rac t ion  had 

been reduced and the  s u b j e c t  had learned  t o  a c t i v a t e  

s e l e c t i v e l y  the  f l e x o r s  of the  elbow, Close approximation t o  

the  t a r g e t  f o r c e  (mean value 31% of MVC) was achieved by 
+ t r i a l  4 and was maintained w i t h i n  a range of - 1.5% of MVC 

f o r  the  remaining t r i a l s  wi th  the  except ion of t r ials  5 and 

7 ,  The poor response on t r i a l  7 might be a t t r i b u t e d  t o  

phys ica l  causes as the  s u b j e c t  developed a severe head cold  

on the  fo l lowing day. No explanat ion  can be o f fe red  f o r  

the  d e c l i n e  i n  performance on t r i a l  5 ,  The o v e r a l l  r e s u l t s  

of t h i s  s u b j e c t  demonstrated t h a t  v i s u a l  feedback could be 

used t o  teach s p e c i f i c  a c t i v a t i o n  of a g r o s s l y  s p a s t i c  muscle, 

reduce co-cont rac t ion ,  and improve the  accuracy of con t ro l .  
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S u b j e c t  4t  (F igu res  7 and 11, Table  V). This  s u b j e c t  

e x h i b i t e d  a mild degree  of s p a s t i c i t y  w i t h  moderate f u n c t i o n a l  

a b i l i t i e s .  Not iceab le  improvement w a s  occu r ing  w i t h  i n t e n -  

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

The range i n  v a r i a b i l i t y  of each p u l l  on t r i a l  1 

3. was - 4.0% of MVC. The mean va lue  of 29.5% of MVC c o n s t i t u t e d  

a c l o s e  approximat ion t o  t h e  t a r g e t  f o r c e .  For t h e  e n t i r e  

s e r i e s  of t r i a l s  t h i s  s u b j e c t  mainta ined an  a c c u r a t e  response 
A 

(mean va lue  ' 1.0% of  M V C ) .  The v a r i a b i l i t y  of  each p u l l  

decreased through t h e  first f o u r  t r ials  which i n d i c a t e d  t h a t  

r e p e t i t i o n  of t h e  t a s k  had improved t h e  accuracy  of  produc- 

t i o n  of a s p e c i f i c  f o r c e .  T h i s  l e v e l  of  c o n t r o l  was he ld  

through t r i a l s  5 and 6r performance then  dec l ined  and 

comparisons of t r i a l  1 and t r i a l  1 2  showed no s i g n i f i c a n t  

d i f f e r e n c e ,  A s  t h e  s u b j e c t  performed t h e  t a s k  w i t h  ea se  

and a h igh  degree  of accuracy from t h e  beg inn ing ,  t h e  

d e c l i n e  i n  performance might have been caused by t h e  

i n a c c u r a t e  a u d i t o r y  feedback,  If t h e  s u b j e c t  a t t empted  t o  

supplement t h e  v i s u a l  feedback w i t h  t h e  a d d i t i o n a l  

in format ion  from t h e  IEMG t h e  accuracy  of  h i s  response  

might have dec l ined .  

S u b j e c t  5r ( F i g u r e s  8 and 11, Table V I ) .  Th i s  

s u b j e c t  had a moderate degree of s p a s t i c i t y  w i t h  ve ry  

l i m i t e d  f u n c t i o n .  I n t e n s i v e  r e h a b i l i t a t i o n  was be ing  

conducted w i t h  some succes s .  
4- This  s u b j e c t  showed a v a r i a b i l i t y  of - 4.5% of ' 



MVC on t h e  i n i t i a l  t r i a l  w i t h  a mean r e sponse  (29.5% of 

MVC) i n  c l o s e  approximat ion t o  t h e  t a r g e t  f o r c e .  The 

v a r i a b i l i t y  of c o n t r o l  shown by t h i s  s u b j e c t  fo l lowed an  

i r r e g u l a r  p a t t e r n  on a l l  t r ia ls  w i t h  no s i g n i f i c a n t  

improvement over  t h e  e n t i r e  t r a i n i n g  p e r i o d .  I s o l a t e d  

improvement of  t h e  mean response  was observed on t r i a l s  

6 and 9 ,  However, as t h e  response  on t h e  remain ing  t r i a l s  

showed no improvement over  t r i a l  1 it w a s  concluded t h a t  

t h i s  p a t i e n t  cou ld  produce a g r o s s  motor response  b u t  t h i s  

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

I n  t h e  i n i t i a l  s e l e c t i o n  of s u b j e c t s  i t  was no ted  

t h a t  s u b j e c t  5 had good comprehension b u t  h i s  a t t e n t i o n  

span  was reduced.  The s i g n i f i c a n c e  of t h i s  reduced 

a t t e n t i o n  became a p p a r e n t  a f t e r  t h e  expe r imen ta l  procedure  

had begun, as t h e  s u b j e c t  had t o  be c o n s t a n t l y  reminded 

t o  keep h i s  scheduled appointment.  H i s  r e s u l t s  i n d i c a t e d  

t h a t  h i s  performance of  t h e  work t a s k  was marred by h i s  

i n a b i l i t y  t o  c o n c e n t r a t e ,  

Audi tory  Feedback 

Th i s  d e t a i l e d  a n a l y s i s  of  each  s u b j e c t s  a b i l i t y  

t o  produce and c o n t r o l  a s p e c i f i c  f o r c e  has  been conf ined  

t o  t h e  e f f e c t s  o f  v i s u a l  feedback,  I n s p e c t i o n  of  t h e  d a t a  

i n d i c a t e d  t h a t  a u d i t o r y  feedback had n o t  provided a c c u r a t e  

in format ion .  

I n t e g r a t e d  EMG was used as t h e  source  o f  a u d i t o r y  

feedback,  To ma in t a in  a d i s c r e t e  s i g n a l  w i t h i n  t h e  r anges  



of f o r c e  used t h e  s i g n a l  was main ta ined  between 10 to 40 

r e s e t s / s e c .  A t  t h i s  l e v e l  t h e  IEMG d i d  n o t  a c c u r a t e l y  

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

s u b j e c t s .  The random r e l a t i o n s h i p  (F igu re  12  ) between 

IEMG and f o r c e  impl ied  t h a t  t h e  a u d i t o r y  feedback cou ld  

n o t  have c o n t r i b u t e d  t o  t h e  r e s u l t s  of  t h i s  s t udy .  A s  

bo th  forms of feedback  were used s imu l t aneous ly  no a t t emp t  

can  be made t o  determine whether  t h e  i n a c c u r a t e  a u d i t o r y  

i n fo rma t ion  i n t e r f e r e d  w i t h  t h e  o v e r a l l  r esponse  of  t h e  

s u b j e c t s .  

IEMG a l s o  provided e r roneous  a u d i t o r y  i n fo rma t ion  

when c o - c o n t r a c t i o n  occured.  The a c t i v i t y  i n  b i c e p s  b r a c h i i  

d i d  n o t  correspond t o  t h e  v i s u a l  s i g n a l  be ing  produced. A s  

t h i s  l a c k  of c o r r e l a t i o n  on ly  occured on t h e  i n i t i a l  t r i a l  

of  one s u b j e c t  i t s  e f f e c t s  on t h e  expe r imen ta l  procedure  

were cons ide red  n e g l i g i b l e .  

Audi tory  feedback may prove u s e f u l  i f  t h e  IEMG is  

p r e s e n t e d  i n  a d i f f e r e n t  manner. By changing t h e  g a i n  on 

bo th  t h e  a m p l i f i e r  and t h e  i n t e g r a t o r  ( y e t  s t a y i n g  w i t h i n  

t h e  l i m i t s  of  l i n e a r i t y  of t h e  sys tem) it is  p o s s i b l e  t o  

produce a l a r g e r  number of r e s e t s  p e r  second. If t h i s  

number is  i n c r e a s e d  t o  l i e  w i t h i n  t h e  range  of p i t c h  of  

human be ings  t h e  degree  of muscular  a c t i v a t i o n  w i l l  v a r y  

d i r e c t l y  w i t h  t h e  n o t e  produced by p l a y i n g  t h e  pu tpu t  of 

t h e  i n t e g r a t o r  i n t o  a loudspeaker .  Even i f  t h i s  p roves  

t o  be a more s u i t a b l e  form of a u d i t o r y  feedback it  can  

on ly  prove u s e f u l  if t h e  a c t i v i t y  i n  t h e  a n t a g o n i s t  muscles 



is  a b s e n t ,  

Summary of WT 1 

From t h e  r e s u l t s  o f  t h i s  s t u d y  it was concluded 

t h a t  v i s u a l  feedback  could  be used by hemiplegic  p a t i e n t s  

t o  produce and c o n t r o l  a s p e c i f i c  f o r c e .  T h i s  conc lus ion  

co r robo ra t ed  t h e  c l i n i c a l  f i n d i n g s  o f  Harris (1970) and 

Andrews (1964).  The use  of  a dynamometer enab led  q u a n t i -  

g r o s s  motor c o n t r o l  and t h e  accuracy  of t h a t  c o n t r o l  t o  

be a s s e s s e d  as i n d i v i d u a l  components. 

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

s u b j e c t s  cou ld  be d iv ided  i n t o  two c a t e g o r i e s .  Four 

s u b j e c t s ,  w i t h  mild  o r  moderate deg rees  of  s p a s t i c i t y ,  

cou ld  use  t h e  v i s u a l  i n fo rma t ion  t o  produce a g r o s s  motor 

o u t p u t  w i t h i n  2.0% of  MVC of  t h e  t a r g e t  f o r c e  on t h e  first 

t r i a l .  With r e p e t i t i o n  of  t h e  t a s k  t h r e e  o f  t h e s e  p a t i e n t s  

improved t h e i r  performance by produc ing  t h e  r e q u i r e d  f o r c e  

w i t h  g r e a t e r  p r e c i s i o n .  T h i s  improvement i n  accuracy  of 

motor ou tpu t  c a n  be compared t o  t h e  r e s u l t s  ob t a ined  by 

Basmajian (1963) who r e p o r t e d  t h a t  normal s u b j e c t s  cou ld  

c o n t r o l  and r e g u l a t e  t h e  a c t i v i t y  of  i n d i v i d u a l  motor u n i t s  

when v i s u a l  arid a u d i t o r y  feedback was prov ided .  A s  t h e  

a b i l i t y  t o  c o n t r o l  t h e  motor response  of  a s p a s t i c  muscle 

w i t h  a h igh  degree  of  accuracy  cou ld  f a c i l i t a t e  r e - t r a i n i n g  

of  f i n e  co-ord ina ted  movements, t e chn iques  u s i n g  some form 

of  v i s u a l  feedback may be of va lue  i n  t h e  f i n a l  s t a g e s  of  



r e h a b i l i t a t i o n .  

The value of v i s u a l  feedback as a method of 

ob ta in ing  g r o s s  motor c o n t r o l  was c l e a r l y  demonstrated 

i n  one s u b j e c t .  Co-contraction, ev ident  i n  the  i n i t i a l  

t r i a l  of s u b j e c t  3 ,  i n t e r f e r e d  w i t h  t h e  e f f e c t i v e  produc- 

t i o n  of a s p e c i f i c  force .  Repe t i t ion  of the  t a s k  r e s u l t e d  

i n  a decrease i n  co-contract ion w i t h  a concomitant increase  

i n  s p e c i f i c  a c t i v a t i o n  of the  s p a s t i c  muscle. When c o n t r o l  
\ 

of g r o s s  motor output  had been achieved t h i s  s u b j e c t  

improved the  p r e c i s i o n  of h i s  response.  The f i n a l  Level 

of accuracy achieved was w i t h i n  t h e  same range as t h a t  

shown by t h e  o t h e r  s u b j e c t s .  

A s  t he  g r o s s  s p a s t i c i t y  and very l i m i t e d  func t ion  

exh ib i t ed  by t h i s  p a t i e n t  had r e s i s t e d  convent ional  methods 

of r e h a b i l i t a t i o n  h i s  response t o  v i s u a l  feedback ind ica ted  

t h a t  t h i s  technique could be of value i n  improving h i s  

c o n t r o l  of motor output .  If t h i s  c o n t r o l  could be gained,  

the  f u n c t i o n a l  c a p a c i t i e s  of t h i s  p a t i e n t ,  and o the r  p a t i e n t s  

who had reached a similar p la teau ,  may be increased .  

The o v e r a l l  r e s u l t s  of t h i s  s e c t i o n  of the  exper i -  

ment supported the  t h e o r e t i c a l  concepts of r e - i n t e g r a t i o n  

a s  presented by Harris (1971). The a d d i t i o n a l  information 

gained from v i s u a l  and aud i to ry  feedback enabled the  

s u b j e c t  t o  produce an accura te  motor response.  I n t e g r a t i o n  

of the  sensory information from both i n t e r n a l  and e x t e r n a l  

sources  can l ead  t o  b e t t e r  c o n t r o l  of movement. 



E f f e c t  of Cooling 

The a b i l i t y  of the  s u b j e c t s  t o  c o n t r o l  an isometr ic  

con t rac t ion  of 30% of MVC remained a t  the  same l e v e l  a f t e r  

muscle had been cooled. T h i s  r e s u l t  is  i n  apparent  c o n f l i c t  

w i t h  t h e  observat ions  by many i n v e s t i g a t o r s  t h a t  l o c a l  

cool ing  reduced s p a s t i c i t y .  

A s  t he  procedure used i n  t h i s  s tudy involved 

rhythmical  i s o h t r i c  con t rac t ions  it i s  suggested t h a t  an 

inc rease  i n  blood flow, wi th  a concomitant r i s e  i n  the  

muscle temperature,  introduced a v a r i a b l e  t h a t  had n o t  been 

p r e s e n t  i n  previous i n v e s t i g a t i o n s .  Boes (1962);  Hartviksen 

(1962) and DIecomber and Herman (1971) demonstrated the  

e f f e c t  of cool ing  i n  reducing s p a s t i c i t y  when the  limb was 

i n  a r e s t i n g  s t a t e .  Working wi th  normal muscles Humphreys 

and Lind (1963) showed t h a t  muscle temperature decreased 

when the  arm was cooled. During a c o n t r a c t i o n  (30% of MVC) 

t h e  muscle temperature rose  by f o u r  degrees cen t ig rade :  as 

the  muscle re laxed t h e r e  was an immediate s t e e p  r i s e  i n  

temperature,  These temperature changes were due t o  increase  

i n  blood flow. If t h i s  increased  blood flow occurs when a 

cooled s p a s t i c  muscle i s  a c t i v e l y  con t rac ted  the  d i f f e r e n t  

r e s u l t s  found i n  t h i s  s tudy compared t o  the  previous 

r e p o r t s  could be explained.  One of the  mechanisms postu- 

l a t e d  f o r  the  r educ t ion  i n  s p a s t i c i t y  wi th  l o c a l  cool ing  

i s  the  inc rease  i n  threshold  of the  muscle sp ind le .  This 

occurs  when nerve conduction v e l o c i t y  is  decreased by . 

lowering t h e  intra-muscular temperature,  By inc reas ing  
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the  blood flow t o  t h e  s p a s t i c  muscles through c o n t r a c t i o n s  

the i n t e r n a l  temperature may remain n e a r  normal, thus  

counterac t ing  the  e f f e c t  of cool ing.  A s  the  intra-muscular 

temperature w a s  n o t  obtained i n  t h i s  skudy t h i s  explanat ion  

must remain t h e o r e t i c a l .  

These empir ica l  o b s e r ~ t i o n s  implied t h a t ,  as a 

the rapeu t i c  modality,  l o c a l  cool ing  may n o t  e f f e c t i v e l y  

reduce low l e v e l s  of s p a s t i c i t y  when the  limb i s  being 

a c t i v e l y  exerc ised .  A s  the  i n i t i a l  e f f e c t  of cool ing  noted 

w i t h  s u b j e c t  3 could no t  be d i s s o c i a t e d  from t h e  concomitant 

l e a r n i n g  t h a t  was occuring f u r t h e r  i n v e s t i g a t i o n  would be 

requ i red  t o  determine the  e f f e c t  of cool ing  on a g r o s s l y  

s p a s t i c  muscle. 

Ef f i c i ency  of E l e c t r i c a l  A c t i v i t y  

Deta i led  examination of the  i n t e r f e r e n c e  p a t t e r n  of 

the  EMG of a normal s u b j e c t  ind ica ted  t h a t  In teg ra ted  EMG 

was n o t  a  s u i t a b l e  measurement t o  determine the  changes i n  

muscular e f f i c i e n c y  when d i f f e r e n t  temperature l e v e l s  were 

employed. 

The electromyogram i s  a continuous recording  of 

vol tage  a g a i n s t  t ime; of the  e l e c t r i c a l  a c t i v i t y  c rea ted  

when a  muscle, o r  a muscle f i b r e ,  c o n t r a c t s ,  I n t e g r a t i o n  

of t h i s  a c t i o n  p o t e n t i a l ,  e i t h e r  e l e c t r o n i c  o r  p lan imet r i c ,  

measures the  a r e a  between a  base l ine  and the  i n t e r f e r e n c e  

p a t t e r n ,  An increase  i n  amplitude and/or dura t ion  of the  

a c t i o n  p o t e n t i a l  inc reases  the  a r e a  under the  curve and 



88 

g i v e s  a h igher  i n t e g r a t e d  value.  If the  amplitude remains 

cons tan t  but  the  dura t ion  is  inbreased (as ind ica ted  by 

fewer c ross ings  of the  base l ine  pe r  second) the  a r e a  under 

the  curve would increaser  i , e .  when a change i n  waveform 

occurs  the  response of the  IEMG w i l l  a l s o  change (Troup and 

Chapman, 1972a and l972b) .  

Examination of the  EMG of a normal s u b j e c t  showed 

a d e f i n i t e  change i n  the  waveform a f t e r  cool ing ,  A t  the  

same l e v e l s  of fo rce  the  dura t ion  of the  a c t i o n  p o t e n t i a l  

was increased ,  A s i m i l a r  change i n  waveform a f t e r  cool ing  

had been noted i n  both normal muscles (Clarke,  Hellon and 

Lind, 1958) and s p a s t i c  muscles (Mecomber and Herman. 1971) .  

Recent ly a number of techniques of q u a n t i f i c a t i o n  

of the  i n t e r f e r e n c e  p a t t e r n  of t h e  EMG have been inves t iga ted  

( ~ o s e  and Wi l l i son ,  1967: Troup and Chapman, 1972a and 1972b).  

The aim of these  authors  has been t o  desc r ibe  more completely 

the  waveform of the  EMG i n  both normal and c l i n i c a l  condi- 

t i o n s .  Troup and Chapman (1972a and 1972b) have shown t h a t  

measurements of the  number of amplitude increments which 

the  waveform makes p e r  second c o r r e l a t e s  wi th  muscular fo rce  

equa l ly  as w e l l  as does the  i n t e g r a t e d  EMG, while t h e  number 

of sp ikes  of the  waveform p e r  second shows an i n i t i a l  increase  

and then a decrease as muscular f o r c e  inc reases .  Both 

muscular f a t i g u e  and c l i n i c a l  myopathies have the  e f f e c t  of 

a l t e r i n g  the  waveform cons iderably  according t o  these  

methods o f  q u a n t i f i c a t i o n .  
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A s  t h e  form of i n t e g r a t i o n  used i n  t h i s  s tudy 

provided a  value f o r  the  a r e a  below the  curve,  i . e .  

voltage/time i n t e g r a l ,  t h i s  change i n  waveform introduced 

a v a r i a b l e  t h a t  prevented comparison of t h e  e l e c t r i c a l  

a c t i v i t y  r equ i red  t o  produce t h e  same f o r c e  before and 

a f t e r  cool ing .  Fur ther  i n v e s t i g a t i o n s  of the  e f f i c i e n c y  

of e l e c t r i c a l  a c t i v i t y  under d i f f e r e n t  temperature 

condi t ions  w i l l  r e q u i r e  a form of q u a n t i f i c a t i o n  of the  

EMG which i n t e r p r e t s  the  change i n  waveform, 



CHAPTER ?I 

C ONCLUS ION 

Many rehabilitative techniques using sensory 

stimulation have been devised to improve the functional 

capabilities of patients with disturbed or damaged 

m a n e . l n r r l r  mn-i-n- nr. Ck...---- 
UbIiOVL -I , IV pa b l ~ ~ ~  a~ 3. Based oi-1 z review of  t h e  current 

concepts of neuro-muscular integration this study investi- 

gated the use of visual and auditory feedback as additional 

sources of sensory stimulation. 

From the results of this experiment it was concluded 

that under ambient conditions visual and auditory feedback 

can be useti to improve the ability of a hemiplegic patient 

to produce a specific force. 

As the auditory feedback did not provide accurate 

information to the subjects it was suggested that visual 

feedback was the main factor responsible for this result. 

An improved method of providing auditory feedback was 

noted which would allow the relative importance of these 

two forms of sensory information to be investigated more 

thoroughly. 

The experimental procedure was conducted over a 

period of four weeks to determine whether the ability to 

control a force improved with training, Repetition of the 



t a s k  enabled f o u r  of the  s u b j e c t s  t o  improve t h e i r  

a b i l i t y  t o  c o n t r o l  an isometr ic  con t rac t ion .  The e f f e c t  

of phys ica l  and emotional f a c t o r s  as d i s r u p t i v e  inf luences  

on t h i s  l e a r n i n g  p a t t e r n  were noted,  

Q u a n t i t a t i v e  assessment was included i n  t h i s  s tudy 

t o  c l a r i f y  the  changes i n  s p a s t i c i t y  and muscular e f f i -  

c iency which have been repor ted  t o  occur when s p a s t i c  

muscles a r e  cooled. 

The a b i l i t y  t o  produce and c o n t r o l  a s p e c i f i c  

fo rce  was n o t  changed by cool ing  the  s p a s t i c  muscles. It  

i s  suggested t h a t  the increase  i n  blood flow which occurs 

when muscles c o n t r a c t  rhythmical ly  may have maintained the 

intra-muscular temperature near  the  normal l e v e l .  T h i s  

would prevent  a decrease i n  nerve conduction v e l o c i t y  

which has  been pos tu la ted  a s  one of the  mechanisms 

respons ib le  f o r  the  reduct ion  i n  s p a s t i c i t y .  

The apparent  decrease i n  muscular e f f i c i e n c y  wi th  

cool ing ,  i . e , ,  a g r e a t e r  amount of EMG requ i red  t o  produce 

the  same f o r c e ,  w a s  subjec ted  t o  d e t a i l e d  examination. 

It was concluded t h a t  the  method of q u a n t i f i c a t i o n  of the  

electromyogram used i n  t h i s  s tudy was n o t  a s u i t a b l e  

method of a s s e s s i n g  a c c u r a t e l y  the  changes i n  waveform 

t h a t  occurred when the  muscle was cooled. Al terna te  

methods of quan t i fy ing  the  a c t i o n  p o t e n t i a l s  were noted 

which w i l l  al low t h i s  change i n  waveform t o  be analysed 

more e f f e c t i v e l y ,  
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