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ABSTRACT 

Many physical therapists have adopted the existing theories of 

neuromuscular facilitation and their wide variety of applications to 

meet the needs of individual patients and to search for ideal techniques 

of muscular re-education. However, it would seem justifiable to under- 

take thorough investigations of theories and techniques in order to 

establish the validity of their use for treatment with patients. This 

investigation must include both a survey of all literature pertinent 

to the subject and research conducted in a scientific manner. As a first 

step in this investigation the author has studied the work of Kabat and 

reviewed the conflicting reports of evidence from previous research con- 

cerning the effects of patterning and other facilitation procedures. The 

focus of the present literature review is on the lower limb in general and 

the quadriceps muscles in particular; following this a study investigating 

the effects of some patterns of movement including two patterns of pro- 

prioceptive neuromuscular facilitation is presented. These resisted con- 

tractions of selected muscle groups are known to be employed to facilitate 

recruitment in the quadriceps muscles and according to some therapists they 

act more specifically, depending on the pattern used, on particular components 

of the quadriceps. Seven normal healthy subjects volunteered for the 

experiment which lasted for eight weeks and which comprised nine periods of 

training and five periods of electromyographic investigation. The results 

suggest that the use of patterning on the lower limb to produce facilitation 

gives variable influences on the three investigated components (vastus 

iii 



lateralis, vastus medialis, rectus femoris) of the quadriceps. No "uni- 

versality" or "inborn" characteristic was evident. Neither was any training 

or learning effect demonstrated according to the criteria of learning used 

in this study. Nevertheless, the functional anatomy of these three components 

has once more been verified. In comparing the results obtained with those 

produced by previous investigators, particular reference was made to the,use 

of patterning and facilitation in the muscular rehabilitation of orthopaedic 

cases. 
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CHAPTER I 

INTRODUCTION 

Physio therapis ts ,  and those involved i n  the  f i e l d  of physiology 

as appl ied  t o  the  musculo-skeletal system, have worked f o r  many years  

t o  f i n d  i d e a l  techniques of muscular reeducation. Lenman (1959a) wrote: 

II I f  exe rc i se  is  indica ted  i t  i s  important t o  know t h e  most e f f e c t i v e  me- 

thod of car ry ing i t  out". Lawrence, Meyer and Mathews (1962) a l s o  

s t a t ed :  "In f a c t  the  determination of s p e c i f i c  e f f e c t s  t o  be obtained 

by var ious  types of exe rc i se ,  a s  w e l l  a s  optimum condi t ions  f o r  the  de- 

velopment and maintenance of these  e f f e c t s ,  i s  of utmost importance i f  

exe rc i se  i s  t o  be administered t o  the  h ighes t  degree of usefulness  and 

ef f ic iency"  . 
While numerous t h e o r i e s  have been developed a s  a guide t o  those 

involved i n  technique of muscular reeducation,  l i t t l e  d i r e c t  experimen- 

t a l  evidence has been produced t o  support  the  app l i ca t ion  of these  theo- 

ries. 

The purpose of t h i s  study was t o  examine the  individual  r e c r u i t -  

ment of t h r e e  muscles of t h e  quadriceps group during the  app l i ca t ion  of 

var ious  forms of manual r e s i s t a n c e  t o  extension of the  knee-joint.  In- 

t eg ra ted  electromyographic a c t i v i t y  (I.E.M.G.) was chosen a s  t h e  c r i t e -  

r i o n  of recrui tment  and i t s  r e l a t i o n s h i p  t o  the  t o t a l  extensor torque 

about the  knee-joint was inves t iga ted  under c e r t a i n  s p e c i f i c  condi t ions  

of muscular cont rac t ion .  

It is  hoped t h a t  the  r e s u l t s  of t h i s  inves t iga t ion  w i l l  provide 

information on muscular funct ion  which w i l l  be app l i cab le  t o  those in-  

volved i n  the  prccess  of Physica l  Therapy. 



CHAPTER I1 

REVIEW OF LITERATURE 

A. In t roduc t ion  
-1 

# 

The following l i t e r a t u r e  review has four  main purposes: t o  de- 

monstrate t h e  h i s t o r i c a l  development of favoured techniques of muscular 

reeducation w h i l s t  d iscuss ing some c o n f l i c t i n g  research  evidence i n  sup- 

p o r t  of an i d e a l  technique; t o  examine a p a r t i c u l a r  theory of muscular 

reeducation;  t o  examine the  a c t i v i t y  of a s p e c i f i c  group of muscles 

(quadriceps); and t o  suggest some d i r e c t i o n s  of research  which may prove 

p r o f i t a b l e  t o  those involved i n  the  f i e l d  of Physiotherapy. 

B. S i s t o r i c z l  Development and Conf l i c t  of Resul ts  

A s  a r e s u l t  of t h i s  search f o r  the  "ideal" technique, many au- 

t h o r s  have devoted much a t t e n t i o n  t o  the  themes of "isotonic" and "iso- 

metr ic" exe rc i se  and a g r e a t  d e a l  of l i t e r a t u r e  has been w r i t t e n  on the- 

se sub jec t s ,  Yet anyone who reviews t h i s  mass of l i t e r a t u r e  can only 

f i n d  f r u s t r a t i o n  due t o  the  c o n f l i c t i n g  r e s u l t s  which appear. The con- 

f l i c t s  remain, the  i d e a l  un ive r sa l  technique of reeducation has not  been 

found and one of the  poss ib le  reasons f o r  t h i s  s t a t e  of a f f a i r s  has been 

suggested by Gravel (1972). This author concludes t h a t  many ideas  a r e  

accepted on a sub jec t ive  r a t h e r  than ob jec t ive  b a s i s  i n  c l i n i c a l  prac- 

t i c e .  

This acceptance appears t o  be the  r e s u l t  of a l ack  of unders- 

tanding due t o  the  t echn ica l  and s c i e n t i f i c  complications inherent  i n  

many of t h e  repor ts .  
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C,  Pa t t e rn ing  and F a c i l i t a t i o n  

More recen t ly ,  the  t h e o r i e s  on muscular reeducation have been di-  

r e c t e d  toward a d i f f e r e n t  approach t o  e x e r c i s e  therapy. Gardner (1969). 

supports  t h i s  d i f f e r e n t  approach when she s t a t ed :    an is born with al- 

ready b u i l t - i n  nerve c i r c u i t s  designed t o  produced s p e c i f i c ,  coordinated 

p a t t e r n s  of a l t e r n a t i n g  o r  synchronous muscle response". A s  a r e s u l t  of 

many such s i m i l a r  s tatements the  concepts of "patterning", "mass move- 

ment" and "overflowtt gained favour wi th  many t h e r a p i s t s  a s  the  technique 

named Propr iocept ive  Neuromuscular F a c i l i t a t i o n  (P.N.F.) (Knott and 

Voss, 1968). Armed wi th  t h i s  new weapon a g a i n s t  muscular weakness, many 

phys io the rap i s t s  f e l t  i n  an extremely s t rong pos i t ion .  Many of the  new 

ideas  were based upon sound neurophysiological  theor ie s  presented by Ka- 

ba t  (1947, 1950a, l95Ob, 1952a, 1952b, 1965) , h i s  co-workers (Levine and 

Kabat, 1952a, 1952b, 1953; Kabat and Knott, 1953; Voss and Knott, 1954; 

Kabat, McLeod and Holt,  1959a, 1959b; Knott, 1967) and o t h e r s  (Pa r t r id -  

ge, 1954; Awad and Kottke, 1964; Coleman 1969; Smith, 1970) while con- 

f l i c t i n g  evidence was found i n  t h e  r e s u l t s  of o the r  research  (Kruse and 

Mathews, 1958; Panin, Lindenauer, Weiss e t  a l . ,  1961; Krol l ,  1965a, 

1965b). The new t h e o r i e s  and t h e i r  r e s u l t i n g  p r a c t i c a l  app l i ca t ions  ap- 

pear  t o  have been successful  i n  t r e a t i n g  neurologica l  d i so rde r s  (Kabat, 

1950a; Kabat, McLeod and Holt ,  1959a) but not  un ive r sa l ly  so (Stern,  

McDowell, Mi l l e r  e t  a l . ,  1970; Quin, 1971). Morever, the re  was an a t -  

tempt t o  apply the  technique of P.N.F. t o  orthopaedic cases  and Voss 

(1967) s t a t ed :  "This divergence of concepts becomes important i n  t h a t  

Kabat's ideas  have been centered on treatment of p a r a l y s i s ,  whereas 

Knot t ' s  and mine have been extended t o  t h a t  of an approach t o  therapeu- 
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t i c  exercise". Some re fe rences  (Voss, Knott an2 Kabat, 1953; Ault ,  1960; 

Ion ta ,  1960; Knott and Mead, 1960; Knott and Barufa ld i ,  1961; Knott,  

1964; P iercy ,  1973) support such an a p p l i c a t i o n  t o  non neurologica l  con- 

d i t i o n s .  For t h e  t h e r a p i s t ,  t hese  techniques a r e  q u i t e  a t t r a c t i v e  i n  

themselves due t o  t h e  f a c t  t h a t  they a t tempt ,  wi th  some s c i e n t i f i c  l o g i c ,  

t o  use everything t h a t  can help from e v o l u t i o n a l  theor i e s ,  r e f l exes ,  

maximal s t imula t ion  and r e s i s t a n c e  i n  poss ib ly  i sometr ic ,  i s o t o n i c  and 

perhaps even i s o k i n e t i c  form of cont rac t ions .  

I n  f a c t  t h i s  idea  of f a c i l i t a t i n g  con t rac t ion  of a muscle by over- 

flow, through the  use of a p a t t e r n ,  seeins q u i t e  use fu l  i f  i t  i s  t o  be 

used i n  cases  such a s  t h e  one presented by Wolf, Majora and Gonen (1971). 

They repor ted  l ack  of muscular a c t i v i t y  of t h e  V a s t i i  i n  some orthopaedic 

cases  t r e a t e d  wi th  a p l a s t e r  c a s t ,  while  the  r e c t u s  f e n o r i s  nusc le  showed 

some e l e c t r i c a l  a c t i v i t y  (E.M.G.), Hallen and Lindhal (1967) produced 

s i m i l a r  i n h i b i t o r y  e f f e c t s  on t h e  vas tus  med ia l i s  muscle through experi-  

mental  a n a e s t h e t i c  procedures. I n  such c a s e s  pa t t e rn ing  could be a 

means of r e i n f o r c i n g  t h e  i n h i b i t e d  V a s t i i .  This  is  based upon the  ex i s -  

tence  of a c ross - t r ans fe r  e f f e c t  ( c o n t r a l a t e r a l  segment) and i t  i s  pos- 

s i b l e  t h a t  a s i m i l a r  i p s i l a t e r a l  e f f e c t  could demonstrate the  ex i s t ence  

of overflow. A s  suggested by McDonald (1971): "Overflow should no t  be 

confused wi th  c ross  educat ion, . .  overflow r e f e r s  t o  electromyographic 

evidence of a c t i o n  p o t e n t i a l s  i n  t h e  c o n t r a l a t e r a l  limb, whereas c ross  

educat ion r e f e r s  s p e c i f i c a l l y  t o  evidence of s t r e n g t h  inc rease  i n  a con- 

t r a l a t e r a l  limb". Overflow t o  t h e  i p s i l a t e r a l  limb should a l s o  be con- 

s ide red  (Gellhorn, 1947; Loofbourrow and Gellhorn,  1948; Waterland and 
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Even though few studies have been done on the effects of patterns 

of movement, many therapists use the technique extecsively (Piercy, 

1973; Atkinson, 1973; Todd, 1973). As a proponent of P.N.F. Todd (1973) 

wrote: "Proprioceptive neuromuscular facilitation techniques can be more 

efficient and more effective and therefore less time consuming than con- 

servative forms of exercise and treatment". Nevertheless, if one exa- 

mines the literature, no immediate demonstration of this can be found 

with regard to the application of the principles suggested by the School 

of patterning and mass movement. Salter (1957) made a statement that is 

still relevant today: ''~abat claims good results from the practice of 

these principles of exercise, but gives no quantitative details in sup- 

port of his claim". More recently Stern et ale (1970) stated: "Neither -- 
the proponents nor the physical therapists who employ these treatment 

modalities have made a serious attempt to evaluate their effectiveness 

in controlled studies". 

Different authors have presented results of research work on pat- 

terning with (Basmajian, 1967; Vele, Bazala, Prazak et al., 1967; Snyder 

and Forward, 1972) or without (McCloy, 1946; Wheathley and Jahnke, 1951; 

Gough and Ladley, 1961; Bos and Blosser, 1970) mention of the technique 

now known as P.N.F. Nevertheless no complete agreement can be found in 

this work regarding both the effects of a pattern of movement on speci- 

fic muscles and the reproducibility of the results. 

While some authors support the theoretical background of Kabat's 

technique (Knowlton, 1954; Harris, 1970, 1971) others believe that it 

is less recommendable on a practical basis when its effectiveness is 

compared to its complexity of utilization. It is considered by some 



t h a t  t h e  t ime taken  t o  learn t h e  s k i l l  of apply ing  P.N.F. f a r  outweighs 

its use fu lnes s  (Basmajian, 1967, 1971),  and t h a t  i t  cannot pretend t o  

a t t a i n  more e f f i c i e n c y  a s  compared t o  o t h e r  conserva t ive  forms of t r e a t -  

ment (S t e rn  e t  a l . ,  1970; Quin,  1971; C a i l l e t ,  1971). 

D. The Theor ies  of Kabat on t h e  Technique of Neuromuscular F a c i l i t a t i o n  

I n  h i s  i n t r o d u c t i o n  t o  p a t t e r n i n g  Kabat (1952a) mentioned t h a t  a 

cons iderably  g r e a t e r  motor response can be a t t a i n e d  when employing fa.- 

c i l i t a t i o n  techniques  i n  a d d i t i o n  t o  r e s i s t a n c e  a s  compared wi th  m x i m a l  

r e s i s t a n c e  a lone .  H i s  b e s t  example of demonstrat ing t h e  e f f e c t i v e n e s s  

of t h e  u s e  of p a t t e r n i n g  wi th  maximal r e s i s t a n c e  is  t h e  c a s e  of t h e  

11 zero" muscle (Kabat, 1952a). He repor ted  t h a t  e i t h e r  i n  p o l i o m y e l i t i s  

o r  upper motor neuron l e s i o n s ,  t h e  ze ro  muscle w i l l  p r e sen t  a response 

wi th  t h e  use  of f a c i l i t a t i n g  techniques ,  bu t  no response wi th  voluntary  

e f f o r t  i n  f r e e  motion wi th  o r  without  maximal r e s i s t a n c e .  H e  s t a t e d :  

"For example, a peroneal  muscle which f a i l e d  t o  respond a t  a l l  i n  at- 

tempted i s o l a t e d  f r e e  motion o r  a g a i n s t  r e s i s t a n c e ,  d e f i n i t e l y  con- 

t r a c t e d  wi th  t h e  a p p l i c a t i o n  of s t r e t c h  and a mass movement p a t t e r n  of 

ex t ens ion  and abduct ion of t h e  h i p  a g a i n s t  r e s i s t a n c e  (Kabat, 1952a)". 

Such obse rva t ion  l e d  Kabat t o  conclude t h a t  wi th  f a c i l i t a t i o n  techni-  

ques t h e  l e v e l  of e x c i t a t i o n  of t h e  a n t e r i o r  horn c e l l s  w a s  r a i s e d  a- 

bove th re sho ld ,  w i th  t h e  r e s u l t i n g  muscle response. He a l s o  added 

(Kabat, 1952a): "An increased  response above t h a t  obtained by r e s i s -  

t ance  a lone  can a l s o  be demonstrated from a p p l i c a t i o n  of a d d i t i o n a l  

f a c i l i t a t i n g  mechanism i n  muscles only p a r t i a l l y  paralysed and even i n  

normal muscles". Such a quo ta t ion  sugges ts  t h a t  f a c i l i t a t i o n ,  and more 



s p e c i f i c a l l y  i r r a d i a t i o n ,  can be obta ined  by r e s i s t e d  c o n t r a c t i o n  of so- 

me muscle groups i n  s u b j e c t s  without  n e u r o l o g i c a l  d i s o r d e r s  wi th  r e su l -  

t i n g  i n c r e a s e  i n  muscular a c t i v i t y .  

Kabat and Knott (1953) j u s t i f i e d  t h e  use  of Neuromuscular F a c i l i -  

t a t i o n  by t h e  observa t ion  t h a t  a volunta: .  movement is  never  performed 

by one s i n g l e  muscle. They e l i c i t e d  f u r t h e r  support  f o r  t h i s  e spec i a l -  

l y  by r e f e r r i n g  ex tens ive ly  t o  Gelhorn, Twi t che l l ,  Hel lebrandt ,  Gesel,  

Loofbourrow and o t h e r  neurophys io logis t s .  On t h e  same theme, Jackson 

(1931) as mentioned by Kabat (1965), s t a t e d :  "Nervous c e n t e r s  know 

no th ing  of muscles,  they only know of movement". Inman, Saunders and 

Abbot (1952), aga in  a s  mentioned by Kabat (1952a), r e in fo rced  t h e  im- 

por tance  of p a t t e r n s  of motion f o r  muscle reeduca t ion  by s t a t i n g :  

"There is,  f o r  example, no such t h i n g  as  a prime mover, as o r d i n a r i l y  

understood. There a r e  only p a t t e r n s  of act ion".  

Kabat (1965) a l s o  poin ted  out  t h a t  when maximal r e s i s t a n c e  i s  

used i n  a given a c t i v i t y ,  t h e  c o n t r a c t i o n  is  f a r  from l imi t ed  t o  a s in-  

g l e  muscle, but  i t  is spread t o  o t h e r  muscle through a process  c a l l e d  

" i r r ad i a t ion" .  H i r t  (1967) r epo r t ed  t h a t  t h i s  phenomenon is  descr ibed  

i n  t h e  work of Sher r ington  (1961) a s  t h e  l a t t e r  observed a spread  of 

e x c i t a t i o n  when us ing  inc reas ing  i n t e n s i t y  du r ing  e l e c t r i c a l  s t i n u l a -  

t i o n  of t h e  p l a n t a r  s k i n  of t h e  dog. Kabat, a s  quoted by H i r t  (1967) 

used t h e  term " i r r a d i a t i o n "  . . . "for  t h e  comparable phenomenon, t h e  

spread of a mass movement p a t t e r n  wi th  inc reas ing  r e s i s t a n c e  t o  volun- 

t a r y  movement". 

After having explained i r r a d i a t i o n  wi th  t h e  example of t h e  

f l e x i o n  r e f l e x  of t h e  lower ex t r emi ty  Kabat (1965) added: " I r r a d i a t i o n  
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is n o t  haphazard but  spread i n  a s p e c i f i c  p a t t e r n  of muscular contrac-  

t ion". H e  a l s o  be l ieved  a s  d i d  h i s  fo l lowers ,  t h a t  a s i m i l a r  process  

occured i n  vo lun ta ry  motion i n  man. The a p p l i c a t i o n  is  then  obvious, by 

means of i r r a d i a t i o n  one can f a c i l i t a t e  one motion through ano the r  volun- 

t a r y  maximally r e s i s t e d  motion. 

Kabat (1965), gave a more d e t a i l e d  exp lana t ion  of t h e  technique 

by d e s c r i b i n g  t h e  "d iagonal -sp i ra l  p a t  terns" .  H i s  complete d e f i n i t i o n  

was: " . . .pat tern of vo lun ta ry  motion which inc ludes  i n  t h e  one motion, 

a t  a number of j o i n t s  s imultaneously,  t h r e e  components: f l e x i o n  o r  ex- 

t ens ion ,  abduct ion o r  adduct ion,  and e x t e r n a l  o r  i n t e r n a l  ro ta t ion" .  

These p a t t e r n s  a r e  now widely used. Attempts were a l s o  made t o  d e s c r i b e  

normal motion i n  terms of p a t t e r n s  (Levine and Kabat, 1952b). Other 

workers used t h e  term "congruent s e t "  t o  d e s c r i b e  a r t i c u l a r  p a t t e r n s  of 

t h e  femoral  s h a f t  involv ing  ex tens ion ,  abduct ion  and medial r o t a t i o n ,  

and f l e x i o n ,  adduct ion and l a t e r a l  r o t a t i o n  (MacConaill and Basmajian, 

1969). These au tho r s  r e f e r  t h e  r eade r  t o  normal walking f o r  t h e  v e r i f i -  

c a t i o n  of t h e s e  p a t t e r n s  a s  i nhe ren t  human q u a l i t i e s .  

A s  a concluding j u s t  i f  i c a t  ion  f o r  mass movement pa t  t e r n s ,  Kabat 

(1965) s t a t e d :  " A l l  vo lun ta ry  motion begins  and ends i n  a pos tu re ,  

which i s  based on a c t i v i t y  of many r e f l e x e s . . .  It should be understood 

t h a t  t h e  C.N.S. is  a h igh ly  i n t e g r a t e d  mechanism, i n  which r e f l e x e s  and 

vo lun ta ry  motion, f a r  from being i s o l a t e d  phenomena, a r e  c l o s e l y  i n t e r -  

r e l a t ed" .  D i f f e r e n t  au tho r s  have based s i m i l a r  techniques of t reatment  

on a n e a r l y  i d e n t i c a l  philosophy, and t h e s e  a r e  Fay (Fay, 1946a, 1946b, 

1954a, 19546, 1955, 1958; Page, 1967; Wolf, 1968),  Bobath (Bobath, 1959, 

1960, 1963; Bobath and Bobath, 1964; Bobath and Cotton, 1965; Semans, 
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1967),  Brunnstrom (Brunnstrom, 1956, 1970; Per ry ,  1967), and Rood (Stock- 

meyer, 1967; Goff, 1969).  The acceptance of t h e  above as a law of deve- 

lopuent  and vo lun ta ry  motion seem t o  be f o r  Kabat and o t h e r s  t h e  key t o  

understanding movement and e f f i c i e n c y  i n  t h e r a p e u t i c  exe rc i se .  

H i r t  (1967) commented upon t h e  work of Kabat as fol lows:  "Through 

t h e  u s e  of p rop r iocep t ive  f a c i l i t a t i o n  of vo luntary  movement, Kabat iden- 

t i f i e d  t h e  n a t u r a l  des ign  of movements. H e  i d e n t i f i e d  t h e  components, 

no t  as ana tomica l  u n i t s ,  bu t  as members of a phys io log ica l  pa t t e rnsh ip . . .  

H e  took  t h e r a p e u t i c  e x e r c i s e  out of t h e  c a r d i n a l  p lanes  by in t roduc ing  

s p i r a l  and d i agona l  composite movements, adding thereby ,  a  t h i r d  dimen- 

s i o n  t o  t h e r a p e u t i c  exercise" .  Th i s  s ta tement  i l l u s t r a t e s  t h e  acceptance 

of Kabat 's  theory  by many involved i n  t h e  f i e l d  of Rehab i l i t a t i on .  

A s  a  r e s u l t  of a r t i c l e s  such as t h e  one from which t h i s  s ta tement  

h a s  been t aken ,  many t h e r a p i s t s  a r e  convinced t h a t  t h e  u s e  of mass pat-  

t e r n  movement is  supported by p r e c i s e l y  demonstrated s c i e n t i f i c  p r i n c i -  

p l e s .  Such acceptance is open t o  much d i s c u s s i o n  (Basmajian, 1967; 

S t e r n  e t  a l . ,  1970) and no ex tens ive  s c i e n t i f i c  demonstrat ion of t h e  e f -  

f e c t s  of p a t t e r n s  now used a s  suggested by Knott and Voss (1968) could 

be found i n  t h e  l i t e r a t u r e .  While s tudying  and p r a c t i c i n g  a l l  t h e  pat- 

t e r n s  suggested by Knott and Voss (1968) one is bound t o  ques t ion  t h e  

v a l i d i t y  of a l l  of them, a s  o r i g i n a l l y  developed by both Kabat and Knott.  

E. Funct iona l  Anatomy of t h e  Quadriceps and i t s  Re la t ionsh ip  t o  P a t t e r n i n g  

A c t i v i t y  of t h e  quadr iceps  muscle has  been i n v e s t i g a t e d  dur ing  

many s p e c i f i c  t a s k s  (Brunnstrom, 1966; Rasch and Burke, 1967; Basmajian, 

1967; Kel ley,  1971). From t h e  r e s u l t s  of some of t h i s  work, two schools  
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of thought have been formed, one defending t h e  synchrony (Brewerton, 

1955; Duchenne, 1959; Pocock, 1963; Close, 1964; Bos and Blosser ,  1970; 

Jackson and M e r r i f i e l d ,  1972) and t h e  o t h e r  t h e  asynchrony (Wheatley and 

Jahnke, 1951; Basmajian, 1967; MacConaill and Basmajian, 1969; Basmajian, 

Harden and Renegos, 1972) between t h e  s e p a r a t e  muscular components of t h e  

quadriceps femoris .  Basmajian (1967) s t r e s s e s  t he  f a c t  t h a t  t h e  r e c t u s  

femor is  is  a b i a r t i c u l a r  muscle which has  t o  a c t  a s  a f l e x o r  of t h e  h i p  

as w e l l  as a n  ex tenso r  of t h e  knee. Never the less ,  l i t t l e  is  s a i d  t o  ex- 

p l a i n  t h e  asynchrony of t h e  v a s t i i  when it is  present .  I n  f a c t ,  many 

y e a r s  ago, McCloy (1946) demonstrated d i f f e r e n t  r o l e s  of t h e  r e c t u s  femo- 

ris and v a s t u s  l a t e r a l i s  (cons ider ing  t h e  v a s t u s  l a t e r a l i s  r e p r e s e n t a t i v e  

of t h e  t h r e e  v a s t i i )  du r ing  ex tens ion  o r  f l e x i o n  of t h e  h ip .  Such ev i -  

dence a t  l e a s t  sugges t s  cons ide ra t ion  of t h e  quadriceps a s  d i f f e r e n t  mus- 

c l e s ,  each of which could have a d i f f e r e n t  response depending on t h e  mo- 

vement performed. Consequently t h e  ques t ion  of overflow from one muscle 

t o  ano the r  i n  a v a r i e t y  of movements o r  p a t t e r n s  warran ts  i nves t iga t io3 .  

Such a n  hypothes is  could be r e in fo rced  by t h e  f a c t  t h a t  some anatomical  

p e c u l i a r i t i e s  have been shown regard ing  t h e  v a s t u s  med ia l i s  and r e c t u s  

femor is  muscles (Markee, Logue, W i l l i a m s  et  a l . ,  1955; Ba rne t t ,  1958; 

Lieb and Pe r ry ,  1971; Per ry ,  1972).  

Close (1964) r epo r t ed  t h a t  i n  t h e  s i t t i n g  p o s i t i o n  electromyogra- 

ph ic  evidence i n d i c a t e s  t h a t  each of t h e  v a s t u s  muscles c o n t r i b u t e s  an  

i d e n t i c a l  p ropor t ion  of i ts  maximal f o r c e  of ex tens ion  of t h e  knee. For 

t h e  r e c t u s  femor is ,  however, h e  noted t h a t  t h e  bulk  of e l e c t r i c a l  z c t i -  

v i t y  appea r s  i n  t h e  l a t t e r  p a r t  of t h e  ex t ens ion  of t h e  knee. With t h e  

s u b j e c t  i n  t h e  supine  p o s i t i o n ,  t h e  r e c t u s  femor is  a c t i v i t y  more c l o s e l y  
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r e f l e c t e d  t h e  a c t i v i t y  of t h e  v a s t i i .  Pocock (1963), Jackson and Mer- 

r i f i e l d  (1972) found no d i f f e r e n c e  as t o  t h e  e f f e c t  of p o s i t i o n  on t h e  

a c t i v i t y  of t h e  r e c t u s  femoris .  

Pocock (1963) used t h e  E.M.G. t o  i n v e s t i g a t e  t h e  e f f e c t  of some 

r e h a b i l i t a t i o n  techniques  on t h e  quadricc : ,; muscles. He found t h a t  

w i th  and wi thout  r e s i s t a n c e  dur ing  ex tens ion  of t h e  knee, t h e  muscles 

act as a u n i t ,  i . e .  they  begin and end t h e i r  a c t i v i t y  a l l  toge ther .  

Th i s  suppor t s  Duchenne's theory  on t h e  u n i t y  of a c t i o n  of t h e s e  muscles 

(Duchenne, 1959). The same f i n d i n g s  were a l s o  repor ted  f o r  t h e  s t r a i g h t  

l e g  r a i s i n g  exe rc i se .  

Basmaj i a n  ( l967) ,  MacConaill and Basmaj i a n  (1969) a r e  i n  agree- 

ment wi th  Wheatley and Jahnke (1951), t h a t  dur ing  r e s i s t e d  ex tens ion  of 

t h e  knee, t h e  va r ious  p a r t s  of t h e  quadriceps come i n t o  a c t i o n  at  d i f f e -  

r e n t  phases of t h e  movement. 

Brewerton (1955), Hal len and Lindahl  (1967), Lieb and Per ry  

(1971) and Per ry  (1972), have demonstrated t h a t  t h e  a c t i v i t y  of t h e  

v a s t u s  med ia l i s  i s  no t  confined t o  t h e  l a s t  few degrees  of ex tens ion  

bu t  t h a t  it produces f o r c e  throughout t h e  f u l l  range of ex tens ion  i n  

conjunct ion  wi th  t h e  o t h e r  components. Basmajian (1967, 1970, 1972) 

supported t h i s  bu t  added more p r e c i s e  evidence on t h e  independence of 

a c t i o n  of t h i s  muscle as compared wi th  t h e  t h r e e  o t h e r  components, 

wh i l e  performing some s p e c i f i c  t a sks .  

Basmajian (1967) a l s o  found t h a t  t h i s  asynchrony between t h e  

s e p a r a t e  muscles of t h e  quadriceps occurs  dur ing  t h e  movement of r i s i n g  

from t h e  s i t t i n g  t o  t h e  s tanding  pos i t i on .  The v a s t u s  med ia l i s  was 

found t o  be r e t a rded  and l e s s  a c t i v e  than  t h e  r e c t u s  femor is  and t h e  

v a s t u s  l a t e r a l i s .  
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F. P a t t e r n i n g  

Wheatley and Jahnke (1951) s t a t e d  t h a t  t h e r e  e x i s t s  a g r e a t e r  ac- 

t i v i t y  i n  t h e  v a s t u s  media l i s  muscle when t h e  knee is held i n  ex t ens ion  

wi th  t h e  h i p  j o i n t  f l exed  and t h e  knee j o i n t  ( l eg )  l a t e r a l l y  ro t a t ed .  

S i m i l a r l y ,  t h e r e  i s  a g r e a t e r  a c t i v i t y  of t h e  v a s t u s  l a t e r a l i s  when t h e  

knee is  he ld  i n  ex tens ion  wi th  t h e  h i p  j o i n t  f l exed  and t h e  knee j o i n t  

( l eg )  medial ly  r o t a t e d .  

Bos and Blosser  (1970), i n  a n  eva lua t ion  of some i some t r i c  reha- 

b i l i t a t i o n  techniques  of t h e  quadriceps r epo r t ed  f i n d i n g s  t h a t  were i n  

agxeenent w i th  those  of Wheatley and Jahnke (1951). The e f f e c t s  of t h e  

r o t a t i o n  of t h e  l e g  were as fol lows:  w i th  e x t e r n a l  r o t a t i o n  occuring 

i n  adduct ion ,  a n  i n c r e a s e  i n  t h e  e l e c t r i c a l  a c t i v i t y  was recorded i n  t h e  

v a s t u s  med ia l i s ;  when i n t e r n a l  r o t a t i o n  occured Iln abduct ion an  i c c r e z s e  

i n  t h e  e l e c t r i c a l  a c t i v i t y  w a s  recorded i n  t h e  v a s t u s  l a t e r a l i s .  It 

must be added t h a t  t h e  r e s u l t s  of t h i s  i n v e s t i g a t i o n  (Bos and Blosser ,  

1970) have a l s o  supported those  of Close (1964) and Pocock (1963) f o r  

t h e  s i m i l a r i t y  o r  synchroniza t ion  of t h e  a c t i o n  of t h e  t h r e e  major com- 

ponents  considered.  

Basmajian (1967) repor ted  an unpublished s tudy  i n  which he em- 

ployed t h e  technique of electromyography t o  i n v e s t i g a t e  "some of t h e  re- 

h a b i l i t a t i o n  techniques  c u r r e n t l y  being used by phys io the rap i s t s  wi th  

t h e  purpose of producing f a c i l i t a t i o n  e f f ec t s " .  Some of h i s  major f i n -  

d ings  a r e  a s  fol lows:  Augmented a c t i v i t y  of t h e  quadriceps was found i n  

only h a l f  of h i s  s u b j e c t s  when movements of t h e  t o e s  were allowed. I n  

t hose  where augmentation occured, f l e x i o n  i n  some and ex tens ion  of t h e  

t o e s  i n  o t h e r s  was e f f e c t i v e .  Associated f o o t  and ankle  movements were 

t I somewhat" more e f f e c t i v e .  This  was t r u e  f o r  most but  no t  a l l  t h e  sub- 
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j e c t s .  Furthermore, the re  were no "clear-cut" d i f f e rences  between the  

e f f e c t s  of the  following associa ted  movements: dorsi-f lexion,  p lantar -  

f l e x i o n ,  invers ion  and evers ion  of the  foo t .  Gough and Ladley (1961) 

have shown dorsi-f lexion t o  be the  most e f f i c i e n t  f o r  the  quadriceps a s  

a group and t h e  vas tus  medial is  i n  p a r t i c u l a r .  Basmajian (1967) s t a t e d  

t h a t  "medial o r  l a t e r a l  r o t a t i o n  of the  h i p  j o i n t  performed simultaneous- 

l y  with con t rac t ion  of the  quadriceps had e s s e n t i a l l y  no e f f e c t  on t h e  

E.M.G. a c t i v i t y  of quadriceps". This  is i n  desagreement with Vele e t  a l .  

(1967) who gave c r e d i t  t o  t h e  r o t a t i o n  f o r  production of f a c i l i t a t i o n  

through pa t t e rns .  Basinaj i an  (1967) a l s o  noted: "not only d id  simulta- 

neous h i p  f l e x i o n  f a i l  t o  augment t h e  amount of a c t i v i t y  i n  the  quadri- 

ceps i n  most s u b j e c t s ,  but i t  even decreased it i n  some". Gough and 

Ladley (1961), and All ington e t  a l .  (1966) have demonstrated the  s e x  

e f f e c t  when r e f e r r i n g  t o  the  s t r a i g h t  l e g  r a i s i n g  exe rc i se  (S.L.R.). 

This is i n  agreement with one p i l o t  s tudy of the  author  of t h i s  study. 

F i n a l l y ,  with regard t o  f a c i l i t a t i o n  i n  s t r a i g h t  l e g  r a i s i n g ,  

Pocock (1963) noted t h a t  t h e  a c t i v i t y  was increased i f  the  sub jec t s  

were i n s t r u c t e d  t o  "set" the  quadriceps before l i f t i n g  t h e  limb. Dorsi- 

f l e x i o n  a s  we l l  a s  p lantar - f lexion of t h e  foo t  were a l s o  reported t o  in- 

c rease  the  a c t i o n  p o t e n t i a l  amplitude during t h e i r  exerc ises .  

G. Direct ions  of Research 

I n  t h e  l i g h t  of t h e  preceding comments concerning t h e  quest ionable 

na tu re  of un ive r sa l  use of pa t t e rn ing  and P.N.F., t he  author suggests 

t h a t  research should be d i rec ted  t o  answering t h e  following quest ions:  

- What i s  the  r e l a t i v e  a c t i v i t y  of a  given muscle under a  given p a t t e r n ?  



- Is t h e r e  overflow produced more s p e c i f i c a l l y  i n  one muscle by t h e  use 
of a s p e c i f i c  p a t t e r n ?  

- Are t h e  e f f e c t s  of p a t t e r n i n g  "universal",  i.e. t h e  same on d i f f e r e n t  
people? 

- Is t h e r e  a l e a r n i n g  p roces s  r e l a t e d  t o  recru i tment  of muscular a c t i v i -  
t y  wi th  t ime? 

H. The Use of Electromyography 

To a s s e s s  t h e  degree  of recru i tment  i n  a n  i n d i v i d u a l  muscle working 

i n  a p a t t e r n  of movement, t h e  technique  of electromyography may be used a s  

has  been done by Wheatley and Jahnke (1951); Brewerton (1955); Gough and 

Ladley (1961); Pocock (1963); Close (1964); A l l ing ton ,  Baxter,  Koepke et 

a l .  (1966) ; Basmajian (1967) ; Hallen and Lindahl  (1967) ; Bos and Blosser  - 
(1970) ; Lieb and Pe r ry  (1971); Snyder and Forward (1972); Basmajian, Har- 

den and Reegenos (1972); Jackson and M e r r i f i s l d  (1972). 

Under s p e c i f i c  cond i t i ons  t h e  In t eg ra t ed  Electromyogram (I.E.M.G.) 

y i e l d s  much more e a s i l y  i n t e r p r e t a b l e  d a t a  t han  t h e  un t r ea t ed  electromyo- 

gram, Provided t h a t  t h e  cond i t i ons  of t h e  experiment remain cons t an t  wi th  

r e s p e c t  t o  both t h e  placement of e l e c t r o d e s  and t h e  phys io log ica l  s t a t e  of 

t h e  muscle, t h e  I.E.M.G. may be used a s  a n  index of t e n s i o n  i n  a muscle 

v o l u n t a r i l y  cont rac ted  under i some t r i c  cond i t i ons  a s  suggested by d i f f e -  

r e n t  a u t h o r s  (Bayer and Flechtenmayer, 1950; Inman, Rals ton,  Saunders et 

&., 1952; Lippold, 1952; Chapman and Troup, 1969). 

A l i n e a r  r e l a t i o n s h i p  has  been found i n  human muscles between t h e  

I.E.M.G. and an e x t e r n a l l y  app l i ed  f o r c e  us ing  su r f ace  e l e c t r o d e s  du r ing  

s t a t i c  ( i some t r i c )  c o n t r a c t i o n  (Lippold, 1952; Bigland and Liypold, 19% ; 

Lenman, 1959b; Eason, 1960; Liberson,  Dondey and A s a ,  1962; Poudrier  and 

Knowlton, 1964; Asmussen, Poulsen and Rasmussenn, 1965; DeVries, 1968; 
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Chapman and Troup, 1969). I n  t e n  experiments involv ing  t h e  gastrocnemius 

muscles of d i f f e r e n t  s u b j e c t s ,  Lippold (1952) obtained c o e f f i c i e n t s  of 

c o r r e l a t i o n  of 0.93 t o  0.99 f o r  t h e  l i n e a r  r e l a t i o n s h i p  (1.E.M.G.-Force). 

It is on t h e  b a s i s  of t h i s  r e l a t i o n s h i p  t h a t  I.E.M.G. has  been 

used as a c r i t e r i o n  of degree of recru i tment  of a muscle. This  i n  t u r n  

h a s  been based upon t h e  assumption t h a t  g r e a t e r  I.E.M.G. a c t i v i t y  repre-  

s e n t s  t h e  a c t i v i t y  of g r e a t e r  numbers of motor u n i t s ,  i n  which c a s e  i t  

can be s t a t e d  t h a t  a given muscle is being a c t i v a t e d  by a g r e a t e r  amount 

and t h e r e f o r e  is producing a g r e a t e r  f o r c e .  I n  o t h e r  words: "The l i n e a r  

r e l a t i o n s h i p  berween i some t r i c  t e n s i o n  and e l e c t r i c a l  a c t i v i t y  of volun- 

t a r y  muscle makes it c l e a r  t h a t  t h e  i n t e g r a t e d  electromyogram provides  a 

q u a n t i t a t i v e  measure of t h e  l e v e l  of e x i t a t i o n  i n  a muscle" (Lenman, 1969). 

I n  a d i scuss ion  on t h e  type  of e l e c t r o d e  t o  be used, O'Connell and 

Gardner (1963) s t a t e d  t h a t  whether one i s  i n t e r e s t e d  i n  e i t h e r  t h e  dura- 

t i o n  o r  amount of a c t i v i t y  i n  t h e  muscle as a whole, s u r f a c e  e l e c t r o d e s  

may be used. The l o c a t i o n ,  s i z e  and o t h e r  c h a r a c t e r i s t i c s  r e l evan t  t o  a 

l o g i c a l  placement of e l e c t r o d e s  a r e  of course  t o  be considered.  Th i s  is 

supported by Pocock (1963) f o r  i n v e s t i g a t i o n  of t h e  quadriceps muscle. 

Komi and Buskirk (1970) compared t h e  q u a l i t y  of r e p r o d u c i b i l i t y  of E.M.G. 

of t h e  wire  and s u r f a c e  e l e c t r o d e s  and concluded: "The r e s u l t s  suggest  

t h a t  t h e  s u r f a c e  e l e c t r o d e  technique can be u t i l i z e d  r e l i a b l y  i n  long 

t e r m  s t u d i e s  where E.M.G. record ing  a r e  repea ted  a t  i n t e r v a l s  of s e v e r a l  

days". 



CHAPTER 111 

MATERIAL, IZTHODS AND PROCEDURES 

Both electromyographic a c t i v i t y  (E.M.G.) and i n t e g r a t e d  e l e c t r o -  

myographic a c t i v i t y  (I.E.M.G.) were recorded from t h e  v a s t u s  l a t e r a l i s  

(V.L.), v a s t u s  med ia l i s  (V.M.) and r e c t u s  femor is  (R.F.) muscles, a long  

wi th  t h e  torque  produced dur ing  ex tens ion  of t h e  knee j o i n t .  

Sub jec t s  underwent t h r e e  work t a s k s  (W.T.1, W.T.2, W.T.3) dur ing  

which t h e  E.M.G. from each muscle was recorded.  The f i r s t  t a s k ,  W.T.l, 

involved t h e  development of vary ing  amounts of ex tensor  torque  about  t h e  

knee j o i n t  w i th  t h e  j o i n t  i n  180 degree of extension.  The second t a s k ,  

W.T.2, requi red  maximal vo lun ta ry  c o n t r a c t i o n  of t h e  ex tensor  muscles 

whi le  t h e  experimenter  app l i ed  manual r e s i s t a n c e  t o  t h e  f o o t  i n  a  number 

of d i f f e r e n t  d i r e c t i o n s .  The t h i r d  t a s k ,  W.T.3, was ident ' i ca l  t o  t h e  

f i r s t  except  t h a t  t h e  knee w a s  maintained a t  a n  ang le  of 160 degree of 

ex t ens ion ,  t h e  th igh  being e l eva t ed  and supported and t h e  weight-pan 

f i x e d  t o  t h e  f l o o r .  

Electromyographic a c t i v i t y  (E.M.G.), i n t e g r a t e d  electromyographic 

a c t i v i t y  (I.E.M.G.) and f o r c e  were recorded us ing  s u r f a c e  e l e c t r o d e s ,  an 

electromyograph, an i n t e g r a t o r ,  and a  f o r c e  t ransducer .  These record ings  

were made dur ing  r i v e  record ing  s e s s i o n s  f o r  each sub jec t  performing 

W.T.l and W.T.2 consecut ive ly .  The f i r s t  f o u r  s e s s i o n s  were separa ted  

by t h r e e  t r a i n i n g  pe r iods  which r e p l i c a t e d  W. T. 2. S imi l a r  record ings  

were performed dur ing  t h e  two s e s s i o n s  pe r  s u b j e c t  of W.T.3. 



A. Mate r i a l  

Seven hea l thy  unin jured  male s t u d e n t s  ( ~ 7 )  volunteered  a s  sub- 

j e c t s .  The i r  ages ,  weights ,  s t a t u r e s  and "dl' va lues  ( see  Methods) a r e  

given i n  t a b l e  I. These s u b j e c t s  p a r t i c i p a t e d  i n  W.T.l and W.T.2 f o r  a 

per iod  of e i g h t  consecut ive  weeks. 

Three d i f f e r e n t  s u b j e c t s  undertook W.T.3.over a  per iod of two 

weeks. The i r  ages ,  weights ,  s t a t u r e s  and "d" v a l u e s  ( s ee  Methods) a r e  

given i n  t a b l e  11. 

A l l  t h e s e  s u b j e c t s  were p a r t i a l l y  involved i n  r e c r e a t i o n a l  a c t i -  

v i t i e s  a l though t h e  e f f e c t  of t h e  a c t i v i t i e s  could not  be assessed .  

B. Methods 

i. Experimental  pos tu re s  adopted by t h e  s u b j e c t  

a .  Work t a s k  1 (W.T.l) 

A l l  exper imenta l  and t r a i n i n g  s e s s i o n s  were performed wi th  t h e  

s u b j e c t s  l y i n g  supine on a  t rea tment  t a b l e .  The approximate a x i s  of t h e  

knee j o i n t  was placed c o i n c i d e n t a l  w i th  t h e  end of t h e  t a b l e  and a n  ad- 

j u s t a b l e  s t o o l  supported t h e  h e e l  of t h e  s u b j e c t ,  t hus  a l lowing  150 de- 

g r e e s  of ex tens ion  of t h e  knee. The f o r e l e g  cf t h e  n o n - e x p e r i ~ e n t a l  l e g  

was allowed t o  hang v e r t i c a l l y  over t h e  edge of t h e  t a b l e .  

A force- t ransducer  was used t o  r e g i s t e r  t h e  v e r t i c a l  f o r c e  pro- 

duced dur ing  t h e  development of ex t enso r  torque  about  t h e  knee. It was 

a t t ached  a t  t h e  upper end t o  t h e  proximal p rema l l eo l a r  l e v e l  by a  padded 

s t r a p  and a  weight pan was suspended from t h e  lower end. The weight pan 

l a y  on t h e  f l o o r  d i r e c t l y  below t h e  at tachment  t o  t h e  l e g  of t h e  sub- 

j e c t ,  and it  had a detachable  connect ion t o  t h e  t ransducer  t o  a l l ow t h e  

weights  c a r r i e d  t o  be v a r i e d  ( see  f i g u r e  1 ) .  
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Figure  1: The pos tu re  used f o r  suppor t ing  
t h e  load  by c o n t r a c t i o n  of t h e  
quadr iceps  dur ing  W.T.1. The 
force- t ransducer  is  shown sus- 
pended from t h e s h i n  wi th  t h e  
weight-pan below it .  The s t o o l  
allowed t h e  s u b j e c t  t o  r e s t  t h e  
l e g  between con t r ac t ions .  
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b. Work t a s k  2 (W.T.2) 

I n  W.T.2 no force- t ransducer  w a s  used. The sub jec t  l a y  supine  

and t h e  whole of t h e  exper imenta l  l e g ,  a p a r t  from t h e  h e e l ,  was supported 

on t h e  t a b l e  and manual r e s i s t a n c e  was app l i ed  t o  t h e  f o o t  by t h e  exper i -  

menter ( s ee  f i g u r e s  2 and 3) .  A v a r i e t y  of v e r b a l  commands were give11 t o  

t h e  s u b j e c t  by t h e  experimenter  who was placed a t  t h e  end of t h e  t a b l e  

( see  Procedures) .  When t h e  s u b j e c t  reached maximal e f f o r t  a t e c h n i c i a n  

operated t h e  record ing  equipment by means of which E.M.G. and I.E.M.G. 

were recorded. 

c. Work t a s k  3 (W.T.~) 

The s u b j e c t  l a y  supine  wi th  t h e  t h i g h  supported by a pad s i t u a t e d  

a t  t h e  end of t h e  t a b l e .  The f o r e l e g  was maintained h o r i z o n t a l  w i th  t h e  

h e e l  r e s t i n g  on a s t o o l  a l lowing  approximately 160 degree of ex tens ion  

a t  t h e  knee as measured w i t h  a goniometer. The force- t ransducer  was 

f i x e d ,  a s  f o r  W.T.l, a t  t h e  proximal pre-malleolar  l e v e l  and a t t ached  t o  

a n  immovable weight placed on t h e  f l o o r  v e r t i c a l l y  below t h e  s u b j e c t ' s  

l eg .  D i f f e r e n t  percentages  of maximal e f f o r t  were performed dur ing  

which t h e  E.M.G., I.E.M.G. and t h e  output  from t h e  force- t ransducer  were 

recorded. 

ii. Apparatus  used i n  t h e  measurement of f o r c e  

a .  The force- t ransducer  

The force- t ransducer  used was a Daytronic  model 300-D comprising 

t h r e e  modules: Module 1 was a type  70 D i f f e r e n t i a l  t ransformer  input  

module. The t r ansduce r  cond i t i on ing  s e l e c t o r  was s e t  on "B", and t h e  

range S e l e c t o r  on "2" ( thousandths of a n  inch  f u l l  s c a l e ) .  Module 2,  

was a type  P Galvanometer d r i v e r  ou tput  module, wi th  a meter which al- 



Figure  2: The pos tu re  of t h e  s u b j e c t  and 
p o s i t i o n  of t h e  experimenter  
as used i n  W.T.2. 





Figure  3: The p o s i t i o n  of t h e  hands when 
applying manual r e s i s t a n c e  a s  
used i n  W.T.2 





lowed v i s u a l  monitoring of the  f o r c e  appl ied .  Module 3,  was the  t rans-  

ducer ampl i f i e r  ind ica to r .  

This  force-transducer system was coupled with a galvanometer* 

having a f l a t  frequency response from 0 t o  3000 Hz, s i t u a t e d  wi th in  a 

Bell-Howell Ultra-Violet recorder (see o&rl lograph recorder) .  The de- 

f l e c t i o n  obtained on osc i l lograph paper was propor t ional  t o  t h e  force  

appl ied  t o  t h e  transducer.  

b. Cal ibra t ion  of the  force-transducer 

The force-transducer was c a l i b r a t e d  by suspending weights from 

t h e  weight-pan. No de tec tab le  dev ia t ion  from l i n e a r i t y  was observed i n  

t h e  r e l a t i o n s h i p  between f o r c e  appl ied  t o  t h e  force-transducer and de- 

f l e c t i o n  obtained on the  galvanometer. Consequently any e r r o r  inherent  

i n  t h e  system could n e i t h e r  be measured nor accounted f o r .  

iii. Apparatus used i n  t h e  recording of electromyographic a c t i v i t y  

A modular electrornyographic system** with two plug-in modules was 

used t o  amplify t h e  e l e c t r i c a l  s i g n a l s  from two muscles, vas tus  l a t e r a -  

l is  and vas tus  medial is .  The electromyographic a c t i v i t y  from the  rec- 

t u s  femoris  was recorded by means of a In tegra t ing  B i o e l e c t r i c  Monitor***. 

During a recording sess ion  the  amplif ied output from the  vas tus  

l a t e r a l i s  muscle was in teg ra ted  by means of an integrator****. A t  the  

* Type 7-326, manufactured by Bell-Howell. 

** Type T.E.4, manufactured by Teca Corp., White P la ins ,  N.Y. 

*** Type 100, manufactured by Newport l a b o r a t o r i e s ,  Newport Beach, Cali- 
f orn ia .  

**** Type 1-6, manufactured by Teca Corp., White P l a i n s ,  N.Y. 
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t e rmina t ion  of each experimental  s e s s i o n  t h e  E.M.G. from v a s t u s  med ia l i s  

was played i n t o  t h e  i n t e g r a t o r  t o  o b t a i n  t h e  corresponding I.E.M.G. f o r  

t h i s  muscle. The Newport I n t e g r a t i n g  B i o e l e c t r i c  Monitor allowed d i r e c t  

record ing  of t h e  I.E.M.G. from r e c t u s  femor is  dur ing  t h e  exper imenta l  

s e s s ion .  

Both E.M.G. and I.E.M.G. from each muscle were recorded e i t h e r  on 

t h e  U/V r eco rde r  paper  o r  by means of a Hewlett Packard F/M t ape  recor- 

d e r  ( see  procedures  and c i r c u i t s  f o r  record ing  and p l a y  back) and an  os- 

c i l l o s c o p e  was used t o  d i s p l a y  t h e  E.M.G. from a l l  t h r e e  muscles. 

The osc i l l o scope  a*  -- 

While record ing ,  t h e  osc i l l o scope  d isp layed  t h e  electromyographic 

a c t i v i t y  from t h e  t h r e e  muscles,  wi th  a sweep d u r a t i o n  of 50 ms .  Simul- 

taneous ly  t h e  I.E.M.G. a c t i v i t y  of channel  one (V.L.) was d isp layed .  

b. The a m p l i f i e r s  

Two E.M.G. ampl i f i e r s*  were used f o r  record ing  t h e  E.M.G. from 

t h e  V.L. and V.M. These AA6 systems have a pre-ampl i f ie r  which was placed 

c l o s e  t o  t h e  s u b j e c t  t o  reduce l ead  c a p a c i t y  and i n t e r f e r e n c e  problems. 

The f i l t e r  con t fo l  was placed a t  a band width from 1.0 Hz t o  3 KHz (3 db 

p o i n t s ) .  

The choice  of ga ins  of t h e  a m p l i f i e r  v a r i e d  between s u b j e c t  from 

2 KmV. t o  500 mV.. / d i v i s i o n  (2 K,  1 K, 500). The a m p l i f i c a t i o n  of t h e  

a c t i v i t y  of t h e  r e c t u s  femor is  muscle was executed wi th  an  I n t e g r a t i n g  

B i o e l e c t r i c  Monitor ( see  Newport B i o e l e c t r i c  I n t e g r a t i n g  Monitor). 

* Type AA6, manufactured by Teca Corp., White P l a i n s ,  N.Y. 



c.  The i n t e g r a t o r s  

To o b t a i n  a q u a n t i t a t i v e  measure of t h e  E.M.G., e l e c t r i c a l  i n t e -  

g r a t i o n  was obtained wi th  one 1-6 (Teca Corp.) i n t e g r a t o r  which gave a 

sawtooth output .  The frequency of t h e  sawtooth wave provided a measure- 

ment of t h e  vol tage-t ime i n t e g r a l  of t h e  inpu t  waveform. This  1-6 in t e -  

g r a t o r  was a module s u i t e d  f o r  t h e  T.E.4 modular electromyographic sys- 

t e m ,  and t h u s  served f o r  t h e  i n t e g r a t i o n  of t h e  V.L. and V.M. muscles 

( s ee  s e c t i o n  i v ,  a and b).  

E l e c t r i c a l  i n t e g r a t i o n  by means of a square  wave output  was given 

by t h e  I n t e g r a t i n g  B i o e l e c t r i c  Monitor ( s ee  s e c t i o n  iii, d)  f o r  t h e  rec-  

t u s  femoris .  

d . The Newport I n t e g r a t i n g  B i o e l e c t r i c  Monitor 

The r e c t u s  femoris  muscle was coupled t o  a n  I n t e g r a t i n g  Bioelec- 

t r i c  Monitor i n  which a choice  of g a i n s  of 100, 10, 1.0, and 0 .1  mV./di- 

v i s i o n  was a v a i l a b l e .  A s e l e c t o r  o f f e red  d i f f e r e n t  choices  of High pas s  

f r equenc ie s  (100, 300, 1 K, 3 K, 10  KHz) and of Low pass  f r equenc ie s  

(.01, 0.1, 1 .0 ,  10,  100 Hz). A bandwidth of 1.0 Hz t o  3 KHz (3 db  p o i n t s )  

w a s  choosen t o  avoid t h e  problem of i n t e r f e r e n c e  which occured du r ing  

movement of t h e  l e a d s  of t h e  e l e c t r o d e s .  This  bandwidth w a s  kept  cons- 

t a n t  throughout t h e  experiment. 

e. The e l e c t r o d e s  

Electromyographic record ings  were made from t h e  t h r e e  muscles 

through t h e  u s e  of t h r e e  s e t s  of s i l v e r / s i l v e r  Chloride su r f ace  e l e c t r o -  

des*, f i v e  m i l l i n e t e r s  i n  d iameters  and a l e a d ,  93 cm. i n  l eng th ,  was 

* Manufactured by I . M . I . ,  Newport Beach, Ca l i fo rn i a .  



used f o r  each s e t  of e l e c t r o d e s  t o  f a c i l i t a t e  manipulat ion of t h e  l e g  of 

t h e  s u b j e c t .  Random n o i s e  was reduced by grounding t h e  screening  of t he  

l eads .  Low Chloride Gel* was used as e l e c t r o d e  j e l l y  between t h e  ' skin 

and t h e  e l e c t r o d e s .  

A f t e r  each experiment t h e  e l e c t r o d e s  were removed and cleaned 

w i t h  water  and a  s o f t  paper-cloth. 

A s i l v e r  p l a t e ,  5 cm. by 3 cm. was used a s  ground f o r  t h e  V.L. 

and V.M. muscles. Before a p p l i c a t i o n  i t  was covered wi th  e l e c t r o d e  jel- 

l y ,  connected t o  t h e  ground t e rmina l  of a pre-amplif5er and f i x e d  t o  t h e  

s u b j e c t  w i th  a  v e l c r o  s t r a p  (see procedures) .  

A s i l v e r / s i l v e r  Chloride s u r f a c e  e l e c t r o d e  of t h e  type  used f o r  

record ing  t h e  E.M.G. was used as a ground e l e c t r o d e  f o r  t h e  r e c t u s  femo- 

ris muscle and i t  was connected t o  t h e  ground input  of t h e  Newport devi-  

ce .  

f .  C a l i b r a t i o n  of t h e  i n t e g r a t o r s  

The 1-6 i n t e g r a t o r  was c a l i b r a t e d  p r i o r  t o  t h e  experiment,  and i t  

w a s  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 p l an ime t r i c  assess -  

ments of t h e  vol tage-t ime i n t e g r a l  of t h e  square-wave input  s i g n a l  t o  

t h e  a m p l i f i e r  and t h e  number of r e s e t s  p e r  second of t h e  i ~ t e g r a t o r .  

Such a  l i n e a r i t y  was found f o r  t h e  fo l lowing  ga ins  of t h e  a m p l i f i e r s :  

5 K, 2  K,  1 K, 500, 200. The o t h e r  p o s s i b l e  ga ins  were not  i n v e s t i g a t e d ,  

and a s  expected t h e  2  K, 1 K ,  and 500 mV. g a i n s  only were used throughout 

t h e  exper imenta l  work. 

* I.M.I. Low Chlor ide  Gel, manufactured by I.M.I., Newport Beach, Cal i -  
f  o r n i a  . 



31 
I 

A s i m i l a r  c a l i b r a t i o n  was a l s o  performed on t h e  Newport Integra-  l 
t i n g  B i o e l e c t r i c  Monitor. The following gains  were inves t iga ted:  100, 

11  

10, 1.0, 0.1 mV. The gain of 10 nV. was choosen t o  be used constant ly  a s  

i t  provided t h e  most s t a b l e  des i red  l i n e a r  r e l a t ionsh ip .  

g. The o s c i l l o ~ r a p h  

The ampl i f i ca t ions ,  i n t e g r a t i o n s  and output from the  force-trans-  

ducer were recorded on U/V s e n s i t i v e  paper* by means of an oscillograph**. 

Timing marks were s e t  a t  one second i n t e r v a l s  with a paper speed of 4 cm./ 
I 
I 

sec. 

h. The t ape  recorder  

A t a p e  recorder*** was used t o  s t o r e  some of the  recordings (am- 

p l i f  i c a t i o n  of t h e  vas tus  media l i s  muscle, and the  in tegra ted  value from 
,I 

t h e  r e c t u s  femoris  muscle) on magnetic tape**** which was replayed a t  t h e  
!I 

end of t h e  experiment. 11 

i. The generator  1 

A Hewlett-Packard, 3310A Function genera tor  was used a f t e r  each 

experiment t o  pass a  square wave (1  mV. peak t o  peak) s i g n a l  i n t o  t h e  In- 

t e g r a t i n g  Bioe lec t r i c  Monitor f o r  t h e  purpose of c a l i b r a t i o n .  

- - -  

* Type DP1, SPM, 217822, manufactured by B e l l  & Howell Co., Vancouver 

** Type 5-127 Recorder Oscillograph, manufactured by B e l l  & Howell Co., 
Vancouver, 

*** Type 3960 Instrumentat ion Recorder, manufactured by Hewlett-Packard, 
Toronto. - 

**** Type DP15, manufactured by P h i l i p s ,  Toronto. 



iv. C i r c u i t s  used f o r  r eco rd ing  and r e t r i e v a l  of d a t a  

a. R m  

Each plug-in module of t h e  T.E.4 system had two swi tch  p o s i t i o n s .  

P o s i t i o n  'AMP' allowed use  of t h e  a m p l i f i c a t i o n  system and p o s i t i o n  'EXTI 

(Externa l )  allowed a s i g n a l  t o  be passed t o  t h e  osc i l l o scope  wi thout  

being t r e a t e d  by t h e  a m p l i f i c a t i o n  u n i t .  

The electromyographic s i g n a l s  of t h e  V.L. and V.M. muscles were 

recorded through t h e  two AA6 (Teca Corp. ) a m p l i f i e r s  switched on 'AMP' 

and s i t u a t e d  r e s p e c t i v e l y  i n  channel  1 and 2 of t h e  modular system. 

The i r  record ings  appeared on channel  1 and 2 of t h e  osc i l l og raph  recorder .  

The 1-6 i n t e g r a t o r ,  s i t u a t e d  i n  channel  5 of t h e  modular system, 

gave s imultaneous i n t e g r a t i o n  of channel  1, i.e. of t h e  V.L. muscle. 

Its reco rd ing  appeared on channel  5 of t h e  osc i l l og raph  (see  f i g u r e  4) .  

The E.M.G. of channel  2 (V.M.) was s t o r e d  on t a p e  f o r  f u r t h e r  

used. 

The a m p l i f i c a t i o n  s i g n a l  of t h e  R.F. muscle was passed v i a  chan- 

n e l  6 of t h e  modular system by us ing  t h e  'ExT' switch p o s i t i o n  of an  

AD6 a m p l i f i e r  (Teca Corp.). The frequency s i g n a l  (I.E.M.G.) of t h i s  

muscle was s t o r e d  on t a p e  f o r  f u r t h e r  use .  

The output  from t h e  force- t ransducer  ( f o r  W.T.l) was passed 

through t h e  e x t e r n a l  c i r c u i t  ('ExT') of a AD6 a m p l i f i e r  s i t u a t e d  i n  chan- 

n e l  8 of t h e  modular system, and it was recorded on channel  4 of t h e  os- 

c i l l o g r a p h  recorder .  

Channel 3,  4 and 7 of t h e  modular system were not  used and a 

board con ta in ing  a U-shaped p r i n t e d  c i r c u i t  was placed i n  each of t h e s e  

t o  i n s u r e  t h e  c o n t i n u i t y  of t h e  c i r c u i t  of t h e  system. 



Figure  4 :  Diagram of the r eco rd ing  c i r c u i t s  in- 
c lud ing  t h e  T.E.4 modular a m p l i f i e r s ,  
I n t e g r a t o r s  and pre-ampl i f ie rs  system, 
t h e  Newport B i o e l e c t r i c  Monitor, and 
t h e  F/M Tape Recorder. (The symbol ' 

'U' r e p r e s e n t s  a n  unused channel).  
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b. R e t r i e v a l  

A s  t h e  I.E.M.G. of t h e  V.M. and of t h e  R.F. muscles were no t  re- 

corded on osc i l l og raph  paper ,  i t  was then  necessary  t o  o b t a i n  these  re- 

cord ings  t o  complete t h e  da t a .  

The frequency s i g n a l  (I.E.M.G. i n  t h e  form of a square  wave s i g n a l )  

given by t h e  Newport I n t e g r a t i n g  B i o e l e c t r i c  Monitor had been s t o r e d  on 

t ape .  Th i s  record ing  was then  passed through t h e  AA6 a m p l i f i e r  of chan- 

n e l  2 swithched on 'EXT', and t h e  d a t a  was c o l l e c t e d  on channel  2 of t h e  

osc i l l og raph  recorder .  

A s  t h e  E.M.G. of t h e  V.M. muscle w a s  s to red  on t ape  i t  was pos- 

s i b l e  t o  o b t a i n  i t s  I.E.M.G. by pass ing  t h i s  s to red  E.M.G. through t h e  

1-6 i n t e g r a t o r .  For t h a t  purpose, t h e  1-6 i n t e g r a t o r  was placed i n  chan- 

n e l  4 of t h e  modular system and t h e  record ing  was obtained on channel  4 

of t h e  osc i l l og raph .  The U-shaped c i r c u i t  p rev ious ly  f i x e d  i n  channel  4 

was t r a n s f e r e d  i n t o  channel  5 which was no t  being used. 

The record ing  of t h e  I.E.M.G. of t h e  V.M. and R.F. muscles was done 

s imultaneously.  The AA6 a m p l i f i e r  of channel  1 and t h e  AD6 a m p l i f i e r s  of 

channel  6 and 8 were switched o f f ,  The i n t e g r a t o r  was s t i l l  switched on. 

F i n a l l y  t h e  t h r e e  p r i n t e d  c i r c u i t s  were p laced  i n  channels  3 ,  5 and 7 

(see f i g u r e  5 ) .  

When t h e  c i r c u i t  was reorganized f o r  t h e  play-back procedure t h e  

t a p e  r eco rde r  was s t a r t e d  and record ings  on t h e  t ape  were passed i n t o  t h e  

c i r c u i t .  The I.E.M.G. were d isp layed  on t h e  osc i l l o scope  sc reen  and it 

was p o s s i b l e  f o r  t h e  experimenter  t o  record on osc i l l og raph  paper a m i -  

nimum of t h r e e  seconds of each s i g n a l ,  i nc lud ing  t h e  c a l i b r a t i o n  s i g n a l s .  



Figure 5: Diagram of the 'retrieval procedure' 
including the F/M Tape Recorder and 
the T . E . 4  modular amplifier and in- 
tegrator. 
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A t  t h e  end of t h e  procedure, t h e  osc i l l og raph  paper contained t h e  

E.M.G. and t h e  I.E.M.G. of each muscle under i n v e s t i g a t i o n ,  t h e  r e s e t s  

of t h e  c a l i b r a t i o n  s i g n a l s  and t h e  d e f l e c t i o n  from t h e  force- t ransducer  

f o r  W.T.1. 

C. Procedures 

i. Prepa ra t ion ,  a p p l i c a t i o n  and choice  of s i t e  of t h e  e l e c t r o d e s  

P r i o r  t o  t h e  p repa ra t ion  of t h e  s k i n ,  t h e  e l e c t r o d e s  were prepa- 

red  accord ing  t o  fo l lowing  procedures .  

Each e l e c t r o d e  was f i x e d  h o r i z o n t a l l y  i n  a  h o l e  carved i n t o  a 

wooden board. An adhes ive  r i n g  (a s t i c k e r  adhesive on- both s i d e )  was 

f i x e d  t o  each e l e c t r o d e ,  pe rmi t t i ng  t h e  l a t t e r  t o  be s t u c k  t o  t h e  sk in .  . 

The e l e c t r o d e s  were then  f i l l e d  w i t h  j e l l y  and immediately be fo re  t h e i r  

a p p l i c a t i o n  they  were inspec ted  t o  ensure  t h e  presence of a small con- 

v e x i t y  of t h e  s u r f a c e  of j e l l y .  Any super f luous  j e l l y  was taken o f f  

w i th  a  r a z o r  b lade  and i f  a l a c k  of j e l l y  was ev iden t ,  more was added 

t o  t h e  e l e c t r o d e s  u n t i l  t h e  r equ i r ed  q u a n t i t y  w a s  achieved. 

The s i t e s  f o r  a p p l i c a t i o n  of t h e  e l e c t r o d e s  were chosen on t h e  

b a s i s  of t r i a l s  performed dur ing  a  p i l o t  s tudy.  During t h e  p i l o t  s tudy  

marks were placed a t  v a r i o u s  p o i n t s  on t h e  s k i n  covering t h e  t h r e e  mus- 

c l e s  under i n v e s t i g a t i o n .  Sub jec t s  were reques ted  t o  s u s t a i n  maximal 

c o n t r a c t i o n s  of t h e s e  muscles i n  a  supine  pos tu re  wi th  t h e  whole body 

f u l l y  supported on t h e  t a b l e .  Dis tances  were measured between t h e  marks 

and a  r e f e rence  mark on t h e  s k i n  over  t h e  t i b i a 1  tube ros i ty .  The t h i g h  

w a s  then  s e t  a t  30 degrees  of h i p  f l e x i o n  and t h e s e  measurements were 

repea ted .  - No s i g n i f i c a n t  d i f f e r e n c e s  were obtained between d i s t a n c e s  
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measured i n  e i t h e r  pos ture  f o r  those marks over t h e  most prominant p a r t  

of t h e  b e l l y  of t h e  muscles. Furthermore, t h i s  p a r t  of the  b e l l y  of the  

muscle d id  not  appear t o  change i ts r e l a t i o n s h i p  t o  the  mark on the  skfn. 

It was the re fo re  concluded t h a t  t h i s  amount of h ip  f l e x i o n  would have no 

e f f e c t  upon the  r e l a t i o n s h i p  between t h e  placement of e l ec t rodes  and the  

f i b r e s  underlying the  e lec t rodes .  

A t  t h e  beginning of t h e  f i r s t  se s s ion ,  before  t h e  prepara t ion  of 

t h e  sk in ,  the  subjec t  was asked t o  perform a con t rac t ion  of the  quadri- 

ceps muscles ( r i g h t  l e g ) .  Through v i s u a l  inspect ion  and palpat ion  the  

i n v e s t i g a t o r  chose the  sites (as  described i n  methods) and placed two 

d o t s  of china ink,  each dot being s i t u a t e d  t h r e e  centimeters  a p a r t  longi- 

tud ina l ly .  This  was e a s i l y  done f o r  the  vas tus  media l i s  and vas tus  la -  

t e r a l i s  muscles, the  bulk of each of these  muscles being e a s i l y  seen and 

palpated (Bos and Blosser ,  1970). When t h i s  was not  t h e  case f o r  t h e  

r e c t u s  femoris muscle, extension of knee was r e s i s t e d  by the  invest iga-  

t o r  a t  the  ankle  l e v e l  with one hand, having previously placed one arm 

under t h e  s u b j e c t ' s  knee, a t  a fulcrum. A s  the  bulk of t h e  R.F. became 

more apparent ,  t he  site could be choosen f o r  placement of the  e l ec t rodes .  

The ground e lec t rode  used f o r  t h e  V.L. and V.M. muscles was placed 

on t h e  same l e g ,  on t h e  antero-medial p a r t  of the  t i b i a ,  under t h e  t i b i a 1  

spinous process ( tuberc le  of t h e  t i b i a ) ,  where a bony surface  is  very 

evident .  

The su r face  e l ec t rode  used a s  ground e lec t rode  f o r  t h e  R.F. mus- 

c l e  connected t o  the  In tegra t ing  B i o e l e c t r i c  Monitor, was placed medial- 

l y  t o  the  s e t  of recording e lec t rodes ,  a l l  t h r e e  forming an e q u i l a t e r a l  

t r i a n g l e .  



Because t h e  use  of s u r f a c e  e l e c t r o d e s  r e q u i r e s  c a r e f u l  pr tpara-  

t i o n  of t h e  e l e c t r o d e  site ( t h e  s k i n  having a h igh  l e v e l  of impedance), 

a cons t an t  technique was used, accord ing  t o  Xelley (1971). 

The h a i r  was shaved wi th  a r a z o r  on a reg ion  wide enough t o  a l -  

low a p p l i c a t i o n  of t h e  e l ec t rodes .  An a lcc ' io l  s o l u t i o n  was then  app l i ed  

t o  t h e  a r e a  f o r  t h e  purpose of removing s u r f a c e  o i l s .  To remove some of 

t h e  epidermal  c e l l s ,  ab ra s ion  of t h e  s k i n  was performed wi th  t h e  he lp  of 

a f i n e  grade  sandpaper.  Some e l e c t r o d e  j e l l y  was then  rubbed i n t o  t h e  

prepared a r e a ,  w i th  a toothbrush  t o  ensure  a low impedance of t h e  sk in .  

F i n a l l y ,  t h e  s u r f a c e  of t h e  s k i n  was cleaned wi th  a paper-cloth t o  t ake  

of f  t h e  excess  of j e l l y .  

Each s e t  of e l e c t r o d e s  were app l i ed  t o  t h e  chosep a r e a  of t h e  

s k i n ,  t h e  d i s t a n c e  between e l e c t r o d e s  being t h r e e  cent imeters .  The 

l e a d s ,  nea.r t h e i r  a t tachment  t o  t h e  e l e c t r o d e s ,  were f i x e d  t o  t h e  s k i n  

wi th  adhes ive  t ape  t o  prevent  n o i s e  a s s o c i a t e d  wi th  movement of t h e  

leads .  

The ground e l e c t r o d e  ( p l a t e )  was covered wi th  j e l l y  and f i x e d  t o  

its s i te  wi th  a v e l c r o  s t r a p ,  t h e  s k i n  a r e a  having been cleaned w i t h  a n  

a l c o h o l  s o l u t i o n .  

ii. Pre-recording r o u t i n e  

A f t e r  t h e  e l e c t r o d e s  had been placed and connected t o  t h e i r  res -  

p e c t i v e  a m p l i f i e r s ,  t h e  o sc i l l o scope  screen  was examined t o  check f o r  

t h e  e x i s t e n c e  of e l e c t r i c a l  no i se .  I f  some n o i s e  appeared due t o  a m a l -  

f unc t ion ing  of one s e t  of e l e c t r o d e s ,  they  were removed, t h e  s k i n  was 

c leaned ,  and t h e  procedure f o r  t h e  p repa ra t ion  of e l e c t r o d e s  was re- 

peated.  
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The sub jec t  was then asked t o  perform 3 maximal i sometr ic  con- 

t r a c t i o n  of h i s  quadriceps muscles. The gains  f o r  a m p l i f i e r s  1 and 2 

(V.L., V.M.) were then se lec ted  s o  t h a t  the  maximal amplitude of t h e  

s i g n a l  reproduced on t h e  screen of the  osc i l loscope was kept wi th in  four  

d i v i s i o n s  f o r  each of these  muscles. A s  ,-+3ted previously the  ga in  f o r  

t h e  r e c t u s  femoris muscle was kept constant  a t  a va lue  of 10 mV./div. 

f o r  each subjec t  on a l l  sess ions .  The gains  chosen on t h e  f i r s t  se s s ion  

f o r  the  V.L. and V.M. muscles were then kept constant  f o r  each subjec t  

dur ing  t h e  o the r  recording sess ions .  

The i n t e g r a t o r  was then s e t  a  zero  l e v e l  with the  sub jec t  a t  rest. 

This  procedure was aided by examination of t h e  in tegra ted  a c t i v i t y  on the  

screen of t h e  osc i l loscope.  A recording of t h e  zero a c t i v i t y  was taking 

f o r  a  minimum of t h r e e  seconds. 

The sub jec t  was then placed i n  p o s i t i o n  a s  described i n  Methods, 

with t h e  force-transducer f ixed and t h e  weight-pan loaded f o r  a  maximal 

con t rac t ion  t o  be performed. The sub jec t  was then asked t o  perform a 

maximal con t rac t ion  aga ins t  t h e  load p lus  manual pressure  on the  weight- 

pan by t h e  experimenter. A t  t h i s  t i m e ,  t he  force-transducer ampl i f i e r  

ind ica to r  was set a t  a  l e v e l  which allowed approximately 90% of the  f u l l  

d e f l e c t i o n  of the  recording galvanometer. 

The d i s t a n c e  between t h e  a r t i c u l a r  l i n e  of the  knee j o i n t  and the  

cen te r  l i n e  of the  s t r a p  of the  force-transducer was measured f o r  each 

sub jec t  and maintained constant  f o r  a l l  experimental sess ions .  This 

measure was reg i s t e red  a s  "d" and was l a t t e r  used t o  c a l c u l a t e  the  ex- 

tensor  torque produce by t h e  cont rac t ion  of the  quadriceps during W . T . ~  

and W.T.3 (see t a b l e s  I and 11). 



iii. T e s t i n g  s e s s i o n s  

a. Work t a s k  1 (W.T.11 

A t  t h e  completion of t h e  pre-recording rou t ine ,  E.M.G. record ings  

were made du r ing  t h e  s e p a r a t e  muscular c o n t r a c t i o n s  i n  t h e  o rde r  des- 

c r ibed  i n  t a b l e  111. Thi s  sequence was done once f o r  each s e s s i o n  of 

i n v e s t i g a t i o n .  

The movement, whi le  l i f t i n g  t h e  loads ,  cons i s t ed  i n  a n  ex tens ion  

of t h e  knee j o i n t  t o  t h e  180 degrees  p o s i t i o n .  The E.M.G. record ing  was 

made f o r  a minimum of t h r e e  seconds when t h e  load  became s t a t i o n a r y .  

The s u b j e c t  was asked t o  avoid t h e  s t r a i g h t  l e g  r a i s i n g  movement, t h u s  

avoid ing  h i p  f l e x i o n ,  and t o  main ta in  t h e  load  s teady .  Between l i f t s ,  a 

minimal i n t e r v a l  of s i x t y  seconds of r e s t  was allowed wi th  i n s i s t a n c e  

from t h e  i n v e s t i g a t o r  on muscular r e l a x a t i o n .  

Work t a s k  1 (W.T.l) was performed wi th  t h e  aim of eva lua t ing  t h e  
I 

r e l a t i o n s h i p  between t h e  E.M.G. obtained from any one muscle and t h e  to-  
I 
I 

t a l  ex t enso r  t o rque  produced. 

b. Work t a s k  2 (W.T.2) 

A f t e r  having performed W.T.1, t h e  s u b j e c t  w a s  f r e e d  from h i s  a t -  

tachment t o  t h e  force- t ransducer  and asked t o  l i e  supine on t h e  t a b l e  

wi th  only  t h e  h e e l  p r o j e c t i n g  over t h e  end. A t  t h i s  p o i n t ,  a minimum of 

t h r e e  minutes of r e s t  was allowed. 

Seven maximal c o n t r a c t i o n s  of t h e  quadr iceps  muscles were then 

performed a s  descr ibed  i n  t a b l e  IV.  

The fo l lowing  gene ra l  procedure was kep t  cons t an t  f o r  a l l  sub- 

j e c t s  t h rough- the  whole s e s s i o n  of W.T.2 record ing:  



TABLE 111: D i f f e r e n t  cond i t i ons  of i some t r i c  c o n t r a c t i o n s  of t h e  qua- 
d r i c e p s  recorded under W.T.1. The ex tens ion  was performed 
a t  180 degrees  and recorded f o r  a minimum of t h r e e  seconds 
i n  cond i t i ons  of s t eady  weight holding.  

- Leg a t  r e s t  (E.M.G. record ing)  

- Extension of t h e  l e g  a lone  (noth ing  a t t a c h e d  t o  i t )  

- Rest (minimum of 60 seconds) 

- Extension of t h e  l e g  wi th  a  weight of 6.94 kg. 

- Rest  (minimum of 60 seconds) 

- Extension of t h e  l e g  wi th  a weight of 11.34 kg. 

- R e s t  (minimum of 60 seconds) 

- Extension of t h e  l e g  w i t h  a weight of 19.14 kg. 

- Rest  (minimm of 60 seconds) 

- Extension of t h e  l e g  w i t h  a weight of 24.54 kg. 

- Rest  (minimum of 60 seconds) 

- Holding i n  ex tens ion ,  knee locked wi th  maximal r e s i s t a n c e  app l i ed  by 
t h e  i n v e s t i g a t o r  by p r e s s i n g  on t h e  weight-pan. 



TABLE I V :  P a t t e r n s  of muscular con t rac t ions  performed during W.T.2. 
P a t t e r n s  number V and V I I  a r e  known a s  being two P.N.F. pat- 
t e r n s ,  taken from ICnott and Voss (1968). 

' I  

I , -  

I )  Maximum isometr ic  con t rac t ion  of t h e  quadriceps muscle 

11) A s  I, p l u s  extension of the  t o e s  and dors i - f lexion of t h e  foo t  

111) A s  11, with  dors i - f lexion being r e s i s t e d  manually 

IV) Extension of t h e  t o e s ,  dors i - f lexion of t h e  f o o t ,  h i p  f l e x i o n  and 
l a t e r a l  r o t a t i o n  of t h e  l e g ,  under manual. r e s i s t a n c e  

V) Extension of t h e  t o e s ,  dors i - f lexion and inversiofi of t h e  f o o t ,  
h i p  f l e x i o n ,  l a t e r a l  r o t a t i o n  and adduction of the  l eg ,  under ma- 
nua l  r e s i s t a n c e  

VI) Extension of the  t o e s ,  dors i - f lexion of t h e  f o o t ,  h i p  f l e x i o n  and 
medial r o t a t i o n  of t h e  l eg ,  under manual r e s i s t a n c e  

VII) Extension of the  t o e s ,  dors i - f lexion and evers ion  of t h e  f o o t ,  
h i p  f l ex ion ,  medial r o t a t i o n  and abduction of t h e  l eg ,  under ma- 
nual  r e s i s t a n c e  
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- The s u b j e c t  w a s  t o l d  t h e  p a t t e r n  t o  perform. Each p a t t e r n  was ex- 

pla ined  t o  him p r i o r  t o  t h e  performance 

- The s u b j e c t  performed t h e  p a t t e r n  r equ i r ed  a g a i n s t  minimal r e s i s t a n c e  

g iven  by t h e  i n v e s t i g a t o r  

- wi th  t h e  s u b j e c t  being a t  rest, t h e  command "go" was given t o  t h e  tech- 

n i c i a n  who s t a r t e d  t h e  FM-tape r eco rde r  

- t h e  d i f f e r e n t  commands were given t o  t h e  s u b j e c t  s o  t h a t  he produced 

t h e  p a t t e r n  p rog res s ive ly  a s  a whole movement and n o t  a s  a  success ion  of 

d i f f e r e n t  movements. The r e s i s t a n c e  was increased  by t h e  i n v e s t i g a t o r  

who gave t h e  command "maximum" dur ing  t h e  t i m e  of recording.  The sub- 

j e c t  was then  s t imula ted  t o  main ta in  t h e  c o n t r a c t i o n  f o r  a  minimum of 

t h r e e  seconds through maximal r e s i s t a n c e  and wi th  loud v e r b a l  s t imu la t ion .  

- a f t e r  t h e s e  t h r e e  seconds of record ing  t h e  sub jec t  was given t h e  com- 

mand "stop", always a f t e r  t h e  t echn ic i an  had stopped t h e  record ing  appa- 

r a t u s  (both t ape  and osc i l l og raph  s imultaneously)  

- a minimum of s i x t y  seconds was allowed f o r  r e s t  before  performing t h e  

next  p a t t e r n  

- when f l e x i o n  of t h e  h i p  was included in t h e  p a t t e r n ,  i t  w a s  l i m i t e d  t o  

a  30 degrees  e l e v a t i o n  of t h e  l e g  by t h e  i n v e s t i g a t o r  

- when e i t h e r  medial o r  l a t e r a l  r o t a t i o n ,  and e i t h e r  abduct ion o r  adduc- 

t i o n  were included i n  t h e  p a t t e r n ,  j u s t  a very  l i m i t e d  amount of move- 

ment was allowed by t h e  i n v e s t i g a t o r .  

During t h e  con t r ac t ion ,  t h e  s u b j e c t  was no t  allowed t o  g r i p  t h e  

under s i d e  of t h e  t a b l e  a s  t h i s  had r e s u l t e d  i n  t h e  fo l lowing  problems 

i n  a pre l iminary  study: 

- L i f t i n g  of one h i p  on one s i d e  which had t h e  e f f e c t  of l i m i t i n g  t h e  



c o n t r o l  of t h e  i n v e s t i g a t o r  dur ing  r o t a t i o n ,  h i p  f l ex ion ,  and e i t h e r  ab- 

duct ion  o r  adduction 

- t h i s  manoeuvre could a l s o  lead t o  r o l l i n g  of t h e  sk in  over the  muscle 

which would change t h e  s i t e  of the  e l ec t rodes  over t h e  muscles under in- 

ves t iga t ion .  I 

Nevertheless, sub jec t s  were allowed t o  p lace  t h e i r  hands f l a t  on 

t h e  s i d e  of t h e  t a b l e ,  thus  allowing the  p o s s i b i l i t y  of some kind of 

s t a b i l i z a t i o n  genera l ly  used i n  overflow s t imula t ion .  

The following s p e c i f i c  i n s t r u c t i o n s  were given t o  the  subjec t  du- 

r i n g  t h e  execution of t h e  seven separa te  pa t t e rns .  

P a t t e r n  1 

The sub jec t  was asked t o  "set" h i s  quadriceps and t o  perform a  

max5mal i sometr ic  con t rac t ion  a t  t h e  command "maximum" given by the  in- 

v e s t i g a t o r .  

Command: s e t  your quadriceps, 
p u l l  on your p a t e l l a ,  
maximum, hold it.. . 

P a t t e r n  2 

The sub jec t  was asked t o  extend h i s  t o e s ,  perform a  dors i - f lexion,  

and set h i s  quadriceps muscles. Maximal dors i - f lexion was expected with 

maximal i sometr ic  cont rac t ion  of the  quadriceps muscles. 

Command: br ing  your toes  and f o o t  up towards you, 
p u l l  on your p a t e l l a ,  
maximum, hold it.. . 

P a t t e r n  3 

The sub jec t  repeated t h e  same procedure a s  f o r  p a t t e r n  2,  except' 

t h a t  a  maximal r e s i s t a n c e  was appl ied  by the  inves t iga to r  aga ins t  the  

dorsi-f lexion.  The sub jec t  was reminded not  t o  f l e x  h i s  knee, nor h i s  



h ip ,  and t o  concentra te  on h i s  maximal i sometr ic  con t rac t ion  of t h e  qua- 

d r i ceps  . 
The r e s i s t a n c e  was appl ied  d i r e c t l y  aga ins t  the  d o r s a l  p a r t  of 

t h e  foo t  with the  l e f t  hand of t h e  experimenter p u l l i n g  towards him, h i s  

o the r  hand holding the  hee l ,  i n  a g r i p  manr.2r from below. 

Command: br ing  your t o e s  and foo t  up towards you, 
p u l l  on your p a t e l l a ,  
maximum, hold it.. . 

Pa t t e rn  4 

The subjec t  repeated the  same procedure a s  f o r  2,  and followed 

wi th  a h i p  f l e x i o n ,  g iv ing a 30 degrees e l e v a t i o n  of the  leg .  F ina l ly  

t h i s  was followed by a l a t e r a l  r o t a t i o n  of the  l eg ,  while concentrat ing 

on keeping t h e  knee locked. 

Hip f l e x i o n  a s  w e l l  a s  dors i - f lexion were r e s i s t e d  by the  l e f t  

hand of the  i n v e s t i g a t o r  placed on t h e  d o r s a l  su r face  of t h e  foo t .  Ro- 

t a t i o n  of the  l e g  was r e s i s t e d  with h i s  o the r  hand holding t h e  h e e l  from 

below, i n  a  g r i p  pos i t ion .  

P r i o r  t o  t h e  recording,  during the  p r a c t i c e  movement, i t  was em- 

phasized t h a t  n e i t h e r  abduction, adduction, invers ion  nor eversion were 

t o  be performed. This  requirement was a l s o  taken i n t o  cons idera t ion  by 

t h e  i n v e s t i g a t o r ,  s o  t h a t  appropr ia te  r e s i s t a n c e  would be used i n  a  way 

which would n e i t h e r  confuse t h e  sub jec t  nor s t imula te  o the r  movements. 

Command: p u l l  your t o e s  and ankle  up towards you, 
l i f t  your l eg ,  
tu rn  your knee outward, 
maximum, hold it.. . 



P a t t e r n  5 

Th i s  p a t t e r n  was included as being s i m i l a r  t o  t h e  previous  one 

and a l s o  a s  a P.N.F. p a t t e r n  taken from Knott and Voss (1968). 

The s u b j e c t  was asked t o  perform ex tens ion  of t h e  toes ,  do r s i -  

f l e x i o n  wi th  inve r s ion  of t h e  f o o t ,  f  0110: i by h i p  f l e x i o n ,  l a t e r a l  

r o t a t i o n  of t h e  l e g  and adduct ion.  

It was understood t h a t  t h e  knee had t o  be  kep t  locked a t  a l l  t imes,  

wi th  no h i p  e l e v a t i o n  ( l i f t i n g )  allowed. Nerver the less ,  e l e v a t i o n  of 

t h e  head and shoulders  w a s  permi t ted .  

Command: p u l l  your t o e s  and ank le  inwards and up towards you, 
l i f t  your l e g ,  
t u r n  your knee outward, 
k i c k  up and a c r o s s  i n s i d e ,  
maximum, hold it. . .  

The i n v e s t i g a t o r ' s  l e f t  hand placed on t h e  medio-dorsal f a c e  of 

t h e  f o o t  r e s i s t e d  t h e  do r s i - f l ex ion  and inve r s ion ,  a s  w e l l  a s  t h e  h i p  

f l e x i o n  and adduction. The r i g h t  hand, surrounding t h e  h e e l  from below 

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

P a t t e r n L  

P a t t e r n  6 was p r i m a r i l y  concerned w i t h  medizl r o t a t i o n  a s  was 

p a t t e r n  4 wi th  l a t e r a l  r o t a t i o n .  

Sub jec t s  were asked t o  perform extens ion  of t h e  t o e s  wi th  do r s i -  

f l e x i o n  of t h e  f o o t  followed by h i p  f l e x i o n  and medial r o t a t i o n  of t h e  

l e g .  

Due t o  t h e  f a c t  t h a t  few s u b j e c t s  had a tendency t o  perform in-  

v e r s i o n  wi th  medial r o t a t i o n ,  a t  t h e  v e r y  beginning of t h e  experimental  

work, more a t t e n t i o n  had t o  be placed on t h e  s e p a r a t i o n  of t h e s e  two 

movement s. 



Dors i - f lex ion  and h i p  f l e x i o n  were r e s i s t e d  by p l ac ing  t h e  l e f t  

hand of t h e  i n v e s t i g a t o r  on t h e  d o r s a l  s u r f a c e  of t h e  foo t .  The medial  

r o t a t i o n  was r e s i s t e d  w i t h  t h e  o t h e r  hand surrounding t h e  h e e l  i n  a 

g r i p  p o s i t i o n .  

Command: p u l l  your t o e s  and ank le  up tow-71s you, 
l i f t  your l e g ,  
and t u r n  your knee inward, 
maximum, hold it. .  . 

P a t t e r n  7 

Th i s  p a t t e r n  was presented  t o  t h e  s u b j e c t  a s  s i m i l a r  t o ,  but  more 

complex than  p a t t e r n  6. It w a s  ano the r  P.N.F. p a t t e r n  taken from Knott 

and Voss (1968). 

The s u b j e c t  was asked t o  perform ex tens ion  of t h e  t o e s ,  d o r s i -  

f l e x i o n ,  eve r s ion  of t h e  f o o t  followed by h i p  f l e x i o n ,  medial  r o t a t i o n  

of t h e  l e g  and abduct ion.  

The i n v e s t i g a t o r  r e s i s t e d  t h e  do r s i - f l ex ion ,  eve r s ion ,  h i p  

f l e x i o n  and abduct ion wi th  h i s  l e f t  hand placed on t h e  l a t e r o - d o r s a l  

s u r f a c e  of t h e  f o o t .  Medial r o t a t i o n  was r e s i s t e d  wi th  t h e  r i g h t  hand 

surrounding t h e  h e e l  i n  a  g r i p  p o s i t i o n .  

Command: p u l l  your t o e s  and ank le  up and outwards, 
l i f t  your l e g ,  
t u r n  your knee inward, 
and k i c k  up a c r o s s  and o u t s i d e ,  
maximum, hold it... 

The s i t e s  of manual c o n t a c t s  f o r  sensory  s t i m u l a t i o n  and r e s i s -  

t ance  a r e  d i f f e r e n t  from those  proposed by Knott and Voss (1968) a s  f a r  

as t h e  two P.N.F. p a t t e r n s  involved a r e  concerned. This  was due t o  t h e  

f a c t  t h a t  t h e  t h r e e  s e t s  of s k i n  e l e c t r o d e s  on t h e  t h i g h  precluded t h e  

sugges ted-  i d e a l  hand placement. A f t e r  a few t r i a l s  i n  a  p i l o t  s tudy  
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using hand placements of Knott and Voss (1968), a high l e v e l  of e lec-  

t r i c a l  n o i s e  was produced due t o  manipulation of t h e  skin.  Thus, t h e  

s i t e s  used were chosen t o  permit s u f f i c i e n t  con t ro l  by the  i n v e s t i g a t o r  

without i n t e r f e r i n g  with t h e  electromyographic recordings. 

c. Work t a s k  3 (W.T.3) 
t 

The purpose of W.T.3 was t o  r e p l i c a t e  W.T.1 although on t h i s  oc- 

cas ion t h e  knee was p a r t i a l l y  f lexed i n  a pos i t ion  of 160 degrees of 

extens ion (180 degrees represents  f u l l  ex tens ion) .  

This  experiment was performed t o  v e r i f y  r e s u l t s  of W.T.1 a s  t h e  

behavior of each component through W.T.l may have been confounded by 

t h e  p o s i t i o n  of a locked-knee o r  complete extension.  

Subjec ts  were asked t o  extend t h e  knee a t  d i f f e r e n t  percentages 

(e.g, 0, 25, 50, 75, 100%) of maximal voluntary cont rac t ion .  Sixteen 

recordings a t  d i f f e r e n t  percentages of f o r c e  were made on th ree  sub jec t s  

(N=3) on each of two occasions. 

The compliance of the  attachment of the  force-transducer allowed 

only a very small  movement of extension.  

The commands were: - p u l l  up t o  X%, - hold it... (while recor- 

d ing) ,  - r e s t .  

By v i s u a l  examination of the  output from the  force-transducer 

the  i n v e s t i g a t o r  was i n  a pos i t ion  t o  i n d i c a t e  t h e  l e v e l  of con t rac t ion  

required.  

A minimum of t h i r t y  seconds of r e s t  was allowed between each con- 

t r a c t i o n  and the  l e v e l s  of con t rac t ion  requested were se lec ted  randomly. 

Emphasis on knee extension was made with ins i s t ence  t h a t  t h e  sub- 

j e c t  avoided h ip  e l eva t ion  and s t r a i g h t  l e g  r a i s i n g .  
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The same procedures  as f o r  W.T.l were followed regard ing  t h e  ap- 

p a r a t u s  and record ing  of da t a .  

iv. C a l i b r a t i o n  du r inp  t h e  t e s t i n g  s e s s i o n  

A f t e r  t h e  f i n a l  muscular c o n t r a c t i o n  t h e  s u b j e c t  w a s  f r e e d  from 

e l e c t r o d e  a t tachments  and c a l i b r a t i o n  of both t h e  E.M.G. appa ra tus  and 

t h e  force- t ransducer  was performed. 

A gene ra to r  was used t o  pas s  a one mV. (peak t o  peak) square  wave 

i n t o  t h e  Newport I n t e g r a t i n g  B i o e l e c t r i c  Monitor f o r  t h e  purpose of c a l i -  

b r a t i o n .  S ince  t h e  two AA6 modules had i n t e r n a l  c a l i b r a t i o n  s i g n a l  gene- 

r a t o r s ,  i t  was p o s s i b l e  t o  record t h e  c a l i b r a t i o n  s i g n a l s  from t h e  t h r e e  

a m p l i f i e r s .  

A weight of 24.54 kg. was a t t ached  t o  t h e  weight-pan of t h e  force-  

t ransducer .  While t h e  force- t ransducer  was he ld  h o r i z o n t a l l y  t h e  t a p e  

r eco rde r  was s t a r t e d  and when i t  reached a cons tan t  speed t h e  o s c i l l o -  

graph r eco rde r  was s t a r t e d  f o r  d a t a  record ing .  A f t e r  one o r  two seconds 

of record ing  wi th  t h e  force- t ransducer  he ld  h o r i z o n t a l l y ,  i t  was then  

placed i n  t h e  v e r t i c a l  p lane  and t h e  weight l i f t e d  f o r  approximately 

t h r e e  seconds. 

During t h e  c a l i b r a t i o n  procedure,  a paper speed of 2 cm. /sec.  was 

used. 

v. T ra in ing  s e s s i o n s  (W.T. 2 1  

Nine t r a i n i n g  pe r iods  which d id  no t  i nc lude  record ing ,  were per- 

formed by each s u b j e c t  dur ing  W.T.2 a s  fo l lows:  

- t h r e e  s e s s i o n s  fo l lowing  t h e  f i r s t  s e s s i o n  of i n v e s t i g a t i o n ,  

- t h r e e  s e s s i o n s  fo l lowing  t h e  second s e s s i o n  of i n v e s t i g a t i o n ,  

- t h r e e  s e s s i o n s  fo l lowing  t h e  t h i r d  s e s s i o n  of i n v e s t i g a t i o n .  
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Each sess ion  l a s t e d  f o r  a  period of t en  t o  f i f t e e n  minutes and 

consecutive sess ions  were separated by e i t h e r  one o r  two days depending 

upon t h e  a v a i l a b i l i t y  of the  subjec ts .  

The purpose of t r a i n i n g  was t o  ensure t h a t  each sub jec t  learned 

each t a s k  s o  t h a t  they could perform i t  e a s i l y  i n  a s  s h o r t  a  t i m e  a s  

poss ib le .  

The seven con t rac t ions  o r  p a t t e r n s  required f o r  W.T.2 were per- 

formed by sub jec t s  f o r  a  minimum of f i v e  t o  seven r e p e t i t i o n s  during 

each sess ion .  The same commands, use of r e s i s t a n c e  and s t imula t ion  a s  

described previous ly  were used by the  inves t iga to r .  Each p a t t e r n  was 

w e l l  described and prac t iced  i n  terms of what t o  do and what not t o  do. 

It was insured t h a t  each subjec t  knew how t o  perform each p a t t e r n  pro- 

p e r l y  a s  required.  The zin: of the  study was revealed t c  the  si lbjects  

a t  t h e  end of the  experimental work only. 

D. Accuracy of the  Resul ts  

The accuracy of t h e  va lues  of t h e  torque (kg.cn.) produced and 

t h e  e l e c t r i c a l  a c t i v i t y  (mV.) r eg i s t e red  depended upon such f a c t o r s  a s  

t h e  reproduction of the  sub jec t ' s  pos ture ,  c a l i b r a t i o n  of t h e  force- 

t ransducer and electromyograph, and reproduction of the  p o s i t i o n  of the  

e l ec t rodes .  

i. Reproduction of posture 

The pos tures  previously described regarding each work t a s k  were 

meticulously repeated and kept cons tant .  No change of procedures oc- 

cured through t h e  experimental work and no p iece  of equipment was e i t h e r  

changed or-  mod i f  ied  . 



ii. Reproduction of the  p o s i t i o n  of e l e c t r o d e s  

Before t ak ing  off  the  e l ec t rodes  a f t e r  the  f i r s t  inves t iga t ion  

per iod ,  t h e i r  contours were marked wi th  china ink. The subjec t  was then 

asked t o  r e t r a c e  over these  marks d a i l y  i f  necessary. 

Because a few s u b j e c t s  fo rgo t  t h a t  n'ocedure a t  the  beginning of 

t h e  experiment, i t  was necessary t o  t r a c e  them again f o r  t h e  following 

sess ion .  This  was never the less  an easy t a s k  a s  the  a r e a  was we l l  shown 

by t h e  shaved zone. 

iii. Reproduction of t h e  s i te  of t h e  force-transducer 

The d i s t a n c e  "dl1 taken a t  the  f i r s t  se s s ion  of inves t iga t ion ,  

gave a reference  point  f o r  placement of t h e  force-transducer f o r  t h e  f o l -  

lowing sess ions .  This insured the  consistency of t h e  lever-arm used f o r  

each subjec t .  

E. Method of Analysis 

i. Preliminary graphica l  a n a l y s i s  of the  d a t a  

Af te r  each t e s t i n g  sess ion  d a t a  were i n  the  form of t r ac ings  on 

U/V s e n s i t i v e  osc i l lograph paper. Displacement of the  t r a c e  produced 

by t h e  galvanometer which was coupled t o  t h e  force-transducer,  was re- 

corded i n  mi l l imeters .  Values of I.E.M.G. were obtained by counting t h e  

number of r e s e t s  (peaks on t h e  sawtooth recording) i n  one second. 

D i g i t a l  va lues  obtained from a n a l y s i s  of t h e  recordings were 

placed on a d a t a  sheet  ( f igure  6)  and converted t o  va lues  i n  t h e i r  res- 

pec t ive  u n i t s  by reference  t o  c a l i b r a t i o n  graphs. I n i t i a l l y  the  number 

of r e s e t s  per  second produced by t h e  input  of 0 mV. and 1 mV., was re- 

corded f o r  each of the  th ree  ampl i f i e r s .  The de f l ec t ion  produced by the  

app l i ca t ion  of a  known weight t o  the  force-transducer was a l s o  recorded. 



Figure 6 :  Data sheet  used f o r  W.T.l and W.T.2 
showing values  t h a t  were used f o r  
drawing the  Force-Transducer c a l i -  
b ra t ion  graph, E.M.G. c a l i b r a t i o n  
graphs, to rque /vo l t s  curves ( 3 ) ,  
and a Histogram of v o l t s / p a t t e r n s  
f o r  each muscle 
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Data from W.T.l were obtained by measuring t h e  d e f l e c t i o n  of t h e  

o s c i l l o g r a p h  t r a c e  from t h e  force- t ransducer  i n  a reg ion  where i t  was 

s t eady  f o r  a t  l e a s t  one second. I.E.M.G. v a l u e s  were obtained f o r  each 

muscle from t h e  same reg ion  of t h e  t r a c e .  The same procedure was used 

-1 

when ana lys ing  t h e  record ings  of W.T.3. : 

For W.T.2, I.E.M.G. va lues  were obta ined . f rom a reg ion  of t h e  

t r a c e  when a maximal sp ike  count occured f o r  one second du ra t ion .  

A t  t h i s  t ime t h e  d a t a  shee t  contained a l l  t h e  information neces- 

s a r y  i n  d i g i t a l  form t o  c o n s t r u c t  t h e  fol lowing:  

- a c a l i b r a t i o n  graph of t h e  r e l a t i o n s h i p  between t h e  t o t a l  ex t enso r  

torque  produced about t h e  knee j o i n t  and t h e  d e f l e c t i o n  of t h e  t r a c e  

from t h e  force- t ransducer  ( f i g u r e  7 ) ,  

- a c a l i b r a t i o n  graph f o r  each channel  of E.M.G, of t h e  r e l a t i o n s h i p  

between inpu t  v o l t a g e  t o  t h e  a m p l i f i e r  and number of r e s e t s  of t h e  in-  

t e g r a t o r  ( f i g u r e  7 ) ,  

- a graph of t h e  r e l a t i o n s h i p  between i n t e g r a t e d  output  v o l t a g e  from 

each muscle and t h e  t o t a l  to rque  developed about  t h e  knee j o i n t  ( f i g u r e  

91, 

- a h is togram of t h e  i n t e g r a t e d  output  v o l t a g e  from each muscle f o r  

each p a t t e r n  used i n  W.T.2 ( f i g u r e  8). 

Re la t ionsh ip  between ex tenso r  torque  and output  from t h e  force-  a* - 
t r ansduce r  

The t o t a l  ex t enso r  torque  produced w a s  t h e  sum of t h e  torque  ap- 

p l i e d  t o  t h e  l imb by suspension of a weight from i t  and t h e  torque  due 

t o  t h e  mass of t h e  l eg .  The graph was cons t ruc t ed  i n  t h e  fo l lowing  

manner. 



Figure  7: C a l i b r a t i o n  graphs f o r  t h e  Force- 
Trznsducer,  and I.E.M.G. f o r  each 
muscle ( s ee  tex t ) .  
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Figure  8: Histogram of t h e  i n t e g r a t e d  output  
v o l t a g e  from each muscle, from 
each p a t t e r n  used i n  W.T.2. 
(Example taken  from one s u b j e c t ,  
one record ing  se s s ion ) .  
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The torque  produced when l i f t i n g  t h e  l e g  from t h e  s t o o l  without  

a p p l i c a t i o n  of a load w a s  c a l c u l a t e d  from t h e  fo l lowing  formula (Dempster, 

1955). 

l e g  a lone :  T =  6.2 M x 13.7 S  
100 100 

l e g +  w t :  T = U x 1 3 . 7  x M x  S +  w t  x d .  
100 100 

M = S u b j e c t ' s  mass 
S = S u b j e c t ' s  s t a t u r e  

Thus t h e  va lue  "T" obta ined  corresponded wi th  z e r o  d e f l e c t i o n  of 

t h e  t r a c e  from t h e  force- transducer .  The second po in t  chosen was t h e  

va lue  of t h e  torque  produced by t h e  l e g  l i f t i n g  a  weight of 24.54 kg. 

a t  a  given d i s t a n c e  from t h e  knee j o i n t .  A "Cal ibra t ion  l i n e "  was then  

drawn pass ing  through t h e s e  two p o i n t s .  

Thus it was p o s s i b l e  t o  f i n d  t h e  va lues  of t h e  torque  produced 

f o r  each d e f l e c t i o n  obtained from t h e  t r a c e  produced by t h e  force-  

t r ansduce r .  These v a l u e s  were f i n a l l y  recorded on t h e  d a t a  shee t  and 

kept  f o r  f u r t h e r  use.  

b. Electromyographic c a l i b r a t i o n  

A s  t h e  ga in  of t h r e e  a m p l i f i e r s  and i n t e g r a t o r  combinations were 

maintained w i t h i n  t h e i r  l i m i t s  of l i n e a r i t y  between input-vol tage and 

i n t e g r a t e d  output  i t  was p o s s i b l e  t o  c o n s t r u c t  and use an  E.M.G. c a l i -  

b r a t i o n  graph f o r  t h e  I.E.M.G. of each muscle i nves t iga t ed .  

An inpu t  of 0  mV. produced e i t h e r  z e r o  o r  a smal l  number of r e -  

s e t s  and 1 mV. input  produced a  much l a r g e r  number of r e s e t s .  A l i n e  

p l o t t e d  through t h e s e  two coord ina t e s  gave t h e  E.M.G. c a l i b r a t i o n  curve 

f o r  a n  amplif i e r - i n t e g r a t o r  combinat ion. 
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Therefore t h e  number of resets produced by each muscle during any 

con t rac t ion  could be converted i n t o  a  va lue  i n  v o l t s .  

c. Rela t ionships  between torque and electromyographic a c t i v i t y  

The values  of both d e f l e c t i o n  and I.E.M.G. r e s e t s  obtained from 

W.T.1 and W.T.3 were converted i n t o  u n i t s  of torque and mV. r e spec t ive ly  

by using t h e  appropr ia te  c a l i b r a t i o n  graphs. 

These converted values were used t o  cons t ruct  a  graph of the  

E.M.G. produced by each muscle aga ins t  t o t a l  torque developed about the  

knee j o i n t  f o r  a  range o r  torques from t h e  zero t o  maximum. 

d .  Histogram of I.E.M.G. obtained with each p a t t e r n  

The number of r e s e t s  per  second produced by each muscle during 

W.T.2 were converted i n t o  m i l l i v o l t s .  A histogram was then constructed 

of the  vo l t age  obtained from each muscle during the  execution of a given 

pa t t e rn .  P a t t e r n  number one on the  abc i s sa  represents  the  r e spec t ive  

vo l t age  of each muscle while performing t h e  maximal extension movement 

of W.T.1. The seven o the r  s e t s  (2  t o  8) represent  t h e  output vo l t age  

from each muscle during each p a t t e r n  of W.T.2. Such histograms were 

f o r  immediate v i s u a l  examination and a s  a  guide t o  the  s t a t i s t i c a l  ana- 

l y s i s .  

ii. S t a t i s t i c a l  a n a l y s i s  

Following prel iminary a n a l y s i s  of t h e  d a t a ,  appropr ia te  s t a t i s -  

t i c a l  t rea tments  were applied t o  t h e  r e s u l t s  of t h e  following work t a sks .  

a .  Work t a s k  1 (W.T.l) 

For each value of torque developed about the  knee j o i n t  the re  

were t h r e e - v a l u e s  of I.E.M.G. obtained,  one from each muscle. 



The Pearson product-moment c o e f f i c i e n t  of c o r r e l a t i o n  ( r )  (Guil- 

fo rd ,  1965) was used t o  a s s e s s  t h e  degree of c o r r e l a t i o n  between the  

I.E.M.G. of any two of the  t h r e e  muscles. Thus t h r e e  c o e f f i c i e n t s  of 

c o r r e l a t i o n  were obtained,  one f o r  each p a i r  of muscles (V.M.-V.L.; V.M.- 

- I  

R.F.; V.L.-R.F.). 

b. Work t a s k  2 (W.T.2) 

Using t h e  information obtained from t h e  previous manipulation of 

d a t a  (use of t h e  histrograms i n  prel iminary ana lys i s ) ,  t he  a n a l y s i s  was 

completed by means of:  

- an a n a l y s i s  of var iance  (Kirk, 1968) w a s  implemented as a  Two-way ana- 

l y s i s  of var iance  with block e f f e c t s  (Decus program l i b r a r y ,  Focal  8-124, 

Analysis  of var iance  package, W.D. Ronald, Canadian Dept. of Agr icul ture ,  

Vancouver, B.C., March 25, 1970), 

- Scheffe ' s  c o n t r a s t  between means (Decus program l i b r a r y ,  Focal 8-16, 

Scheffe ' s  c o n t r a s t  between means, M.J .  McKeown, Chicago Lying-In Hospi- 

t a l ,  Univers i ty  of Chicago). 

An a n a l y s i s  of var iance  was performed f o r  each muscle under in- 

v e s t i g a t i o n  i n  order  t o  t e s t  the  change i n  I.E.M.G. wi th  respect  t o  ses- 

s i o n s  and p a t t e r n s  (Kirk, 1968). This  "Two-way a n a l y s i s  of variance with 

block e f f e c t s "  was performed using the  r a t i o s  of (see Discussion):  

value i n  mV. of one muscle i n  one p a t t e r n  
value  i n  mV. of same muscle during t h e  max. con t rac t ion  from W.T.l 

The f r a c t i o n  shown above was used i n  an at tempt t o  normalize 

the  I.E.M.G. DeVries (1968) has indica ted  t h a t  reproducible absolute  

l e v e l  of I.E.M.G. can be obtained during the  production of a  given mus- 

c u l a r  f o r c e - w i t h  both repeated a p p l i c a t i o n  of t h e  e l ec t rodes  and re- 

peated experimental sess ions .  However, t h i s  r e p e a t a b i l i t y  can only 
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be assumed i f  such f a c t o r s  a s  the  impedence of t i s s u e s  a r e  maintained a t  

a  cons tant  l eve l .  In  ordre  t o  avoid the  necess i ty  of measuring impedence, 

i t  was decided t h a t  t h e  I.E.M.G. obtained during standard loading of t h e  

quadriceps should be used a s  a  reference  wi th  which the  remaining I.E.M.G. 

va lues  could be compared. It was f e l t  ths  loading the  l eg ,  both with 

weights and app l i ca t ion  of f o r c e  by t h e  experimenter (see w t  5 in W.T.l) 

represented t h e  g r e a t e s t  poss ib le  stress on t h e  quadriceps muscles i n  f u l l  

extension of t h e  knee. Consequently i t  was assumed t h a t  maximal va lues  

of I.E.M.G. were l i k e l y  t o  be obtained during t h i s  manoeuvre f o r  a l l  sub- 

j e c t s  on a l l  s e s s ions  of recording. The raw values  of I.E.M.G. from 

which the  r a t i o  was ca lcula ted  a r e  tabula ted  i n  appendix 1. 

This  t reatment was applied t o  each I.E.M.G. from each muscle f o r  

t h e  f i v e  sess ions  of inves t iga t ion  performed. 

The "mean", "variance1' and "S.D." of t h e  I.E.M.G. from each pat- 

t e r n ,  pooled over a l l  sess ions ,  were given c o n ~ e c u t i v e l y  f o r  t h e  seven 

p a t t e r n s  executed. The F-rat io was t e s t e d  f o r  s ign i f i cance  a t  an alpha 

l e v e l  of . O 5 ,  

When a s i g n i f i c a n t  d i f f e rence  between group means was found by 

t h e  a n a l y s i s  of var iance ,  a  Scheffe 's  c o n t r a s t  between means (Kirk, 

1968) was performed t o  i n v e s t i g a t e  more thoroughly t h e  source of the  

d i f f e r e n c e  . 
This t e s t  revealed the  s ign i f i cance  of t h e  d i f fe rence  between 

I.E.M.G. r a t i o s  obtained on given p a t t e r n s  f o r  each sub jec t  sepa ra te ly ,  

each value  f o r  a  p a t t e r n  being the  mean of t h e  pooled values of a l l  

I.E.M.G. r e s u l t s  f o r  a  given p a t t e r n  on a l l  sess ions .  
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c. Work t a s k  3  (W.T.3) 

During W.T.3 a  t o t a l  of s ix teen  coordinates  of vol tage  (mV.) 

a g a i n s t  torque (kg. cm.) were produced f o r  t h e  th ree  muscles under in- 

ves t iga t ion .  The da ta  was analysed by means of: 

- a  c o r r e l a t i o n  c o e f f i c i e n t  (Guilford, 1965), 

- curve f i t t i n g .  

The c o e f f i c i e n t  of c o r r e l a t i o n  was performed i n  a  s i m i l a r  manner 

t o  t h a t  appl ied  t o  W.T.1. However, t h r e e  c o e f f i c i e n t s  of c o r r e l a t i o n  

were obtained f o r  each p a i r  of muscles (V.M.-V.L.; V.M.-R.F.; V.L.-R.F.). 

The f i r s t  c o e f f i c i e n t  of c o r r e l a t i o n  was obtained from e i g h t  p a i r s  of 

va lues  of I . E . M . G .  represent ing  t h e  e i g h t  lowest torques produced. The 

I . E . M . G .  values  from the  h ighes t  e i g h t  torques were s i m i l a r l y  inves t iga ted ,  

and the  f i n a l  c o e f f i c i e n t  of c o r r e l a t i o n  was obtained from the  f u l l  s ix-  

teen  p a i r s  of po in t s  represent ing  the  f u l l  range of muscular cont rac t ion .  

A curve f i t t i n g  procedure was performed t o  a s s e s s  t h e  s u i t a b i l i t y  

of f i t t i n g  e i t h e r  a  l i n e a r  o r  a  quadra t ic  equation t o  t h e  r e l a t i o n  bet- 

ween I . E . M . G .  and torque. The formula present ing  the smal les t  "mean 

square devia t ion"  was choosen a s  o f f e r i n g  t h e  bes t  f i t  (8 K Focal pro- 

gram, 1969). 



CHAPTER I V  

RESULTS 

A. Work Task 1 (W.T.l) 

In spec t ion  of t h e  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  obtained from t h e  

I.E.M.G. of p a i r s  of muscles showed c l e a r l y  t h a t  t h e  a c t i v i t y  of no p a i r  

of muscles was any b e t t e r  c o r r e l a t e d  than  t h a t  of any o t h e r  p a i r .  Ta- 

b l e  V i n d i c a t e s  t h a t  a h igh  c o r r e l a t i o n  is gene ra l ly  found f o r  each p a i r  

w i th  only twelve out  of one hundred and f i v e  c o r r e l a t i o n s  below 0.811 

which is s i g n i f i c a n t  a t  a  l e v e l  of confidence of 0.05. The mean v a l u e s  

(r) pooled a c r o s s  s u b j e c t s  and s e s s i o n s  a g a i n  i n d i c a t e  t h a t  no p a i r  of 

muscles was any b e t t e r  c o r r e l a t e d  than  any o t h e r  p a i r  of muscles. 

F igure  9 shows a t y p i c a l  I.E.M.G. - Torque r e l a t i o n s h i p  f ~ r  each 

muscle under i n v e s t i g a t i o n  (one s u b j e c t  on one se s s ion ) .  

B. Work Task 2 (W.T.2) 

The main purpose of t h i s  s tudy  w a s  t o  compare t h e  e f f e c t i v e n e s s  

of d i f f e r e n t  manipula t ive  p a t t e r n s  on t h e  lower l imb i n  terms of muscle 

recru i tment  of t h e  quadr iceps  components. 

For  a  s p e c i f i c  muscle on any p a r t i c u l a r  s e s s i o n  of record ing  t h e  

I.E.M.G. from a l l  s u b j e c t s  was pooled; t h e  means and S.D. were then  ca l -  

c u l a t e d  ( t a b l e s  V I ,  V I I ,  and V I I I )  and p l o t t e d  f o r  each s e s s i o n  (E5) 

and each p a t t e r n  (F7) a s  shown i n  f i g u r e s  10,  11 and 12.  For any par- 

t i c u l a r  muscle, t h e  I.E.M.G. from a11 s u b j e c t s  and a l l  p a t t e r n s  was 

pooled; t h e  means and s tandard  e r r o r s  (S.E.) were ca l cu la t ed  ( t a b l e  IX) 

and then  p l o t t e d  a g a i n s t  s e s s i o n s  of r eco rd ing  a s  shown i n  f i g u r e  13. 



-: Work Task 1: Corre la t ion  c o e f f i c i e n t s  of I.E.M.G. (mV.) between 
each p a i r  of muscles f o r  each sessfon (N=5) and each subject  
(N=7), p lus  t h e  mean value f o r  each p a i r  pooled ac ross  sub jec t s  
and sess ions .  Pe0.05 when n 0 . 8 1 1  and Pc0.01 when r>0,918. 

Subject no. V.M. :V.L. V.M. :R.F. V.L. :R.F. 

1 sess ion  1 
sess ion 2 
sess ion  3 
sess ion  4 
sess ion  5 

2 sess ion  1 
sess ion  2 
sess ion 3 
sess ion  4 
sess ion  5 

3 sess ion  1 
sess ion  2 
sess ion  3 
sess ion 4 
sess ion  5 

4 sess ion  1 
sess ion  2 
sess ion 3 
sess ion 4 
sess ion  5 

5 sess ion  1 
sess ion  2 
sess ion 3 
sess ion  4 
sess ion  5 

6 sess ion  1 
sess ion 2 
sess ion  3 
sess ion 4 
sess ion 5 

7 sess ion 1 
sess ion  2 
sess ion  3 
sess ion  4 
s e s s i o n  5 



Figure  9: The r e l a t i o n s h i p  between I.E.M.G.(mV.) 
and t o t a l  to rque  obtained (Torque 
i n  kg.cm.) dur ing  W.T.1 from one 
s u b j e c t  on one r eco rd ing  se s s ion .  
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Figure  10: The means of t h e  I.E.M.G. r a t i o s  
from V.L. muscle of a l l  s u b j e c t s ,  
showing the  change between s e s s i o n s  
and p a t t e r n s .  V e r t i c a l  b a r s  repre-  
s e n t  t h e  s tandard  d e v i a t i o n  (S .D . )  
between s u b j e c t s .  
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Figure 11: The means of the I.E.M.G. r a t i o s  
from V.M.  muscle of a l l  subjects ,  
showing the change between sess ions  
and patterns. Vertical  bars repre- 
sent the standard deviation ( S . D . )  
between subj e c t  s . 
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Figure 12: The means of t h e  I.E.M.G. r a t i o s  
from R.F. muscle of a l l  sub jec t s ,  
showing the  change between sess ions  
and pa t t e rns .  V e r t i c a l  ba r s  repre- 
sent the  standard dev ia t ion  (S.D.) 
between s u b j e c t s  . 
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Figure 13: I.E.M.G. r a t i o s  mean ( t h i c k  l i n e )  
S.E. ( t h i n  lines) f o r  each muscle 
on each sess ion .  
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For a given muscle t h e  I.E.M.G. from a l l  s u b j e c t s  and a l l  s e s s i o n s  was 

pooled; t h e  means and S.E. were c a l c u l a t e d  ( t a b l e  X) and then  p l o t t e d  

a g a i n s t  p a t t e r n s  a s  shown i n  F igure  14. 

From Figure  14 ,  i t  can be seen  t h a t  t h e  tendency f o r  V.M. and 

V.L. i s  no t  t o  behave d i f f e r e n t l y  i n  t h e  f i r s t  t h r e e  p a t t e r n s  used when 

t h e  d a t a  from a l l  s u b j e c t s  i s  pooled. 

Th i s  sugges ts  t h a t  'dorsi-f  l ex ion '  ( P a t t e r n  11) and 'manually 

r e s i s t e d  do r s i - f l ex ion '  ( P a t t e r n  111) d i d  no t  appear  t o  produce ' i r r a -  

d i a t i o n - f i x a t o r  a c t i o n '  (P ie rcy ,  1973).  To support  t h i s  sugges t ion ,  no 

s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  0.05 l e v e l  of confidence was found bet-  

ween t h e  I.E.M.G. r a t i o s  obta ined  from any two of t h e s e  t h r e e  p a t t e r n s  

( t a b l e  XII ) .  

Res i s t ed  do r s i - f l ex ion ,  n e v e r t h e l e s s ,  gave a  s l i g h t  i nc rease  of 

t h e  I.E.M.G. a c t i v i t y  of t h e  R.F. muscle a s  may be seen i n  f i g u r e  1 2  

where t h e  r e s u l t s  from each s e s s i o n  a r e  p l o t t e d  s e p a r a t e l y .  Sub jec t s  

r eac t ed  q u i t e  d i f f e r e n t l y  t o  t h e  manipulat ion of P a t t e r n  I11 as may be 

seen i n  f i g u r e  15,  and only s u b j e c t  7  p r e s e n t s  a s i g n i f i c a n t  i nc rease  

(Pc0.05) from p a t t e r n s  I and I1 t o  p a t t e r n  111. 

P a t t e r n  I V  introduced f l e x i o n  of t h e  h i p  wi th  e x t e r n a l  o r  l a t e -  

ra l  r o t a t i o n  of t h e  l eg .  A somewhat important  decrease  of a c t i v i t y  

( s i g n i f i c a n t  i n  s u b j e c t s  2 and 7 a t  t h e  0.05 l e v e l )  is noted i n  V.L. 

and t h e r e  i s  a tendency f o r  V.M. t o  decrease  but  no t  s i g n i f i c a n t l y  

( f i g u r e  14 )  f o r  a l l  s u b j e c t s  except  f o r  s u b j e c t  7  ( t a b l e  XII) .  

A s i g n i f i c a n t  (Pe0.05) i nc rease  i n  I.E.M.G. a c t i v i t y  of t h e  R.F. 

muscle was.produced f o r  f o u r  s u b j e c t s  ( f i g u r e  14 and t a b l e  XII) .  Some 

v a r i a t i o n s  between s u b j e c t s  may be seen i n  f i g u r e  15. 
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Figure 14: I.E.M.G. r a t i o s  mean ( t h i c k  l i n e )  
S.E. ( t h i n  l i n e s )  f o r  each muscle 
on each pa t t e rn .  
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Figure  15: The means f o r  each s u b j e c t  and each 
muscle of t h e  I.E.M.G. r a t i o s  obta ined  
on a l l  s e s s i o n s  p l o t t e d  a g a i n s t  pat-  
t e r n s  showing s tandard  d e v i a t i o n  (S.D.) 
a s  v e r t i c a l  bars .  





TABLE XI -- 

Within s u b j e c t  a n a l y s i s  of v a r i a n c e  of I .E .M. G. 
r a t i o s  wi th  block e f f e c t s .  The l e v e l  of s i g n i f i c a n c e  
of each muscle i s  given f o r  each s u b j e c t  w i th  p a t t e r n s  
( W 7 )  and s e s s i o n s  (N=5) pooled. 
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TABLE X I 1  -- 
Scheffe 's  a n a l y s i s  represent ing  t h e  combinations 
of pa tcern  means witch a r e  s i g n i f i c a n t l y  diFEe- 
r e n t ,  f o r  each sub jec t ,  each muscle. A bar bet- 
ween any two p a t t e r n s  i n d i c a t e s  a d i f fe rence  a t  
t h e  .O5 l e v e l  of s i g n i f i c a n c e  . 
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P a t t e r n  V which introduced an adduction component o r  diagonal  cha- 

r a c t e r i s t i c  together  with dors i - f lexion and invers ion  of the  f o o t ,  h i p  

f l e x i o n  and l a t e r a l  r o t a t i o n  of t h e  l e g  d id  not  produce any s i g n i f i c a n t  

e f f e c t  ( f igure  1-4) compared with p a t t e r n  I V .  Nevertheless sub jec t  4  pre- 

sented a  s i g n i f i c a n t  increase  (Pc0.05) i n  a c t i v i t y  of the  R.F. a s  compared 

t o  p a t t e r n  I V .  

P a t t e r n  V I  which introduced medial o r  i n t e r n a l  r o t a t i o n ,  a l s o  

f a i l e d  t o  produce any improved muscular recrui tment ( f igure  14) compared 

with p a t t e r n s  V and I V  a s  f a r  a s  t h e  two v a s t i i  a r e  concerned except f o r  

sub jec t  5 who presented a  s i g n i f i c a n t  (Pc0.05) decrease i n  V.M. a c t i v i t y  

a s  compared t o  p a t t e r n  V. Nevertheless a  very important decrease of mus- 

c u l a r  recrui tment  occured f o r  R.F. muscle ( f igure  14). This was evident  

i n  a l l  but one sub jec t  ( f igure  15).  None of the  d i f fe rences  between pat- 

t e r n s  V-and V I I  were s i g n i f i c a n t l y  d i f f e r e n t  a t  the  0.05 l e v e l  of confi-  

dence. 

P a t t e r n  V I I  produced a  decrease i n  a c t i v i t y  of V.M. and V.L., while 

a  small increase  was noted i n  R.F. muscle ( f igure  14).  This  seems, t o  be 

q u i t e  cons tant ,  i n  t h e  individual  graphs ( f igure  15) .  Nevertheless these  

changes i n  muscular a c t i v i t y  do not  d i f f e r  s i g n i f i c a n t l y  a t  the  0.05 le-  

v e l  from t h e  previous p a t t e r n  (VI) ( t a b l e  XII).  

Mean I.E.M.G. va lues  were compared wi th in  sub jec t s  by a  two-way 

a n a l y s i s  of var iance  with block e f f e c t s  where p a t t e r n s  (N=7) and sess ions  

(N=5) were pooled. The F-rat ios and t h e i r  l e v e l s  of s ign i f i cance  a r e  

shown i n  t a b l e  X I .  

Table X I 1  shows mean I.E.M.G. r a t i o s  between p a i r s  of muscle which 

were s i g n i f i c a n t l y  d i f f e r e n t  f o r  each sub jec t  and each muscle. Variabi- 



l i t y  w i t h i n  s u b j e c t s  is obviously a  determinent  po in t  i n  t h i s  s tudy  a s  

can be seen  i n  t a b l e  X I 1  and f i g u r e  15. 

C. Work Task 3 (W.T.3) 

Cor re l a t ion  c o e f f i c i e n t s  shown i n  Table V i n d i c a t e  t h a t  a  high l e -  

v e l  of c o r r e l a t i o n  e x i s t s  between t h e  a c t i v i t y  of p a i r s  of muscles. Ta- 

b l e  X I 1 1  shows t h a t  c o r r e l a t i o n s  obtained du r ing  t h e  e i g h t  c o n t r a c t i o n s  

producing t h e  g r e a t e s t  to rques  a r e  h ighe r  t han  those  obtained dur ing  t h e  

e i g h t  c o n t r a c t i o n s  producing t h e  lowest to rques .  Only s i x  p a i r s  show a  

c o r r e l a t i o n  below 0.800. Because t h e  amount of d a t a  was t o o  small t h e  

s i g n i f i c a n t  l e v e l  of t h e s e  c o r r e l a t i o n s  was no t  s tud ied  a s  i t  would have 

been meaningless (Gilf ord,  1965). 

Curve f i t t i n g  a n a l y s i s  showed t h a t  t h e r e  was no s i g n i f i c a n t  prefe-  ' 

rence f o r  e i t h e r  a  l i n e a r  o r  q u a d r a t i c  f i t  ( see  t a b l e  X I V ) .  

F igure  16 is a t y p i c a l  graph showing t h e  r e l a t i o n s h i p  between 

torque  and I.E.M.G. f o r  one sub jec t .  
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Figure 16: Typical r e l a t i o n s h i p  between I.E.M.G. 
(mV.) and Torque (kg.cn.), from each 
muscle dur ing  W.T.5 from one subjec t  
on one session.  
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CHAPTER V 

DISCUSSION 

A. Work Task 1 (W.T.l) 

From the  r e s u l t s  given i n  t a b l e  V i t  may be seen t h a t  the re  i s  

good c o r r e l a t i o n  ( r )  between each p a i r  of muscles inves t iga ted .  This in- 

d i c a t e s  t h a t  each muscle followed very c l o s e l y  the  behavior of the  o the r s  

and t h a t  no p a r t i c u l a r  p a i r i n g  of muscle a c t i v i t y  is b e t t e r  co r re la t ed  

than any o ther .  

On a l l  occasions f o r  each sub jec t  a t  each sess ion  approximate 

l i n e a r  r e l a t i o n s h i p s  were obtained between I.E.M.G. and torque and a  ty- 

p i c a l  example of t h i s  r e l a t i o n s h i p  obtained f o r  one sub jec t  on one ses-  

s ion  is shown i n  f i g u r e  9 .  Although the  r e l a t i o n s h i p s  a r e  not  p e r f e c t l y  

l i n e a r ,  it may be concluded t h a t  they represented s c a t t e r  about a  t r u e  

l i n e a r  r e l a t ionsh ip .  It was f e l t  t h a t  t h i s  assumption was v a l i d  f o r  no 

non-linear t rend was observed when a l l  t he  da ta  obtained from W.T.l was 

examined. 

To have attempted t o  de f ine  t h e  r e l a t i o n s h i p  between I.E.M.G. and 

torque more e x p l i c i t l y  would have extended da ta  c o l l e c t i o n  unreasonably 

without garantee of g r e a t e r  def i n i t y  i n  W.T.l a g a i n s t  t h e  poss ib le  ha- 

zard of muscular f a t i g u e  a f f e c t i n g  t h e  d a t a  of W.T.2. A s  the  aim of 

W.T.l was t o  i n v e s t i g a t e  a  proposed l i n e a r  r e l a t ionsh ip  between I.E.M.G. 

and Force, it was f e l t  t h a t  t h e  present  d a t a  were acceptable  and t h a t  

they j u s t i f i e d  the  p u r s u i t  of a n a l y s i s  of W.T.2 which was the  main pur- 

pose of t h i s  study. There i s  no doubt t h a t  g r e a t e r  r e l i a n c e  must be 

placed on t h e  p r i o r  i n v e s t i g a t i o n s  reported i n  t h e  l i t e r a t u r e  on t h i s  

r e l a t ionsh ip .  



B. Work Task 2 (W.T.2) 

Dorsi-f lexion of t h e  f o o t  t o  produce over-flow t o  t h e  quadriceps 

muscles gave r e s u l t s  which were i n  agreement wi th  t h e  work of Basmajian 

(1967). It is obvious t h a t  d i f f e r e n t  s u b j e c t s  vary  i n  response t o  t h i s  

technique  as shown i n  f i g u r e  15. Even wi th  r e s i s t e d  do r s i - f l ex ion  no 

g r e a t e r  recru i tment  of t h e  two v a s t i i  muscles was obtained compared wi th  

t h e  previous  p a t t e r n s  ( I  and 11)  a s  shown i n  f i g u r e  14. Nevertheless ,  

i f  over-flow can be produced, i t  seems t o  have had i ts  e f f e c t  on t h e  R.F. 

muscle which showed increased  a c t i v i t y  ( f i g u r e  14)  but  s i g n i f i c a n t l y  s o  

i n  s u b j e c t  7  only ( t a b l e  XII ) .  Again s u b j e c t s  vary i n  response t o  t h i s  

manoeuvre ( f i g u r e  15).  

The a d d i t i o n  of h i p  f l e x i o n  seems t o  produce a nega t ive  e f f e c t  on 

r ec ru i tmen t  of t he  v a s t i i  ( f i g u r e  1 4 )  a s  p rev ious ly  shown by Basmajian 

(1967). Only s u b j e c t  7 presented  a  s i g n i f i c a n t  d i f f e r e n c e  (P4 0.05) f o r  

t h e  t h r e e  muscles under i n v e s t i g a t i o n .  Gough and Ladley (1961), and A l -  

l i n g t o n  e t  a l .  (1966) s u b s t a n t i a t e d  t h i s  tendency wi th  r e f e rence  t o  a  

s t r a i g h t  l e g  r a i s i n g  exe rc i se .  Never the less  v a r i a t i o n s  from s u b j e c t  t o  

s u b j e c t  is  found ( f i g u r e  15) .  

L a t e r a l  r o t a t i o n  d i d  no t  prove t o  have any gene ra l  e f f e c t  on V.M. 

a c t i v i t y  which d i f f e r s  from previous  i n v e s t i g a t i o n s  (Wheatley and Jahnke, 

1951; Bos and Blosser ,  1970).  From p a t t e r n  I11 t o  I V  an o v e r a l l  decreased 

a c t i v i t y  of t h e  V.L. muscle w a s  observed ( f i g u r e  14) w i th  s u b j e c t s  2 and 7 

showing s i g n i f i c a n t  d i f f e r e n c e s  (Pc0.05) ( t a b l e  XII) . 
A combination of do r s i - f l ex ion  and inve r s ion  of t h e  f o o t ,  f l e x i o n  

of t h e  h i p ,  and adduct ion and l a t e r a l  r o t a t i o n  of t h e  l e g  d id  n o t  produce 

any gene ra l  i nc rease  of V.M. muscle a c t i v i t y  ( f i g u r e  14)  when compared t o  
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p a t t e r n  I11 except  f o r  s u b j e c t  5. Never the less ,  s u b j e c t  2 showed a  s ig-  

n i f i c a n t  decrease  (Pc0.05) i n  t h i s  comparison. Hip f l e x i o n  combined wi th  

l a t e r a l  r o t a t i o n  of t h e  l e g  ( p a t t e r n  IV) produced a  very  l a r g e  inc rease  

i n  a c t i v i t y  of R.F. muscle which was s i g n i f i c a n t  f o r  f o u r  sub jec t s .  

Th i s  f i n d i n g  suppor ts  t h e  work of Carlsoo and Fohl in  (1969) and such an 

e f f e c t  may be expected as R.F. muscle i s  a  f l e x o r  of t h e  h ip .  I s o l a t e d  

e f f e c t s  of l a t e r a l  r o t a t i o n  could n o t  be  eva lua ted  due t o  t h e  complicated 

n a t u r e  of t h e  manoeuvre, a l though Carlsoo and Fohl in  (1969) suggest  t h a t  

lateral  r o t a t i o n  is  i n s i g n i f i c a n t .  Unfor tuna te ly ,  t h e  l i m i t a t i o n s  of 

t h i s  s tudy  a l low no d e f i n i t i v e  obse rva t ions  on t h e  theory  t h a t  r o t a r y  

components a r e  a major f a c t o r  f o r  i n c r e a s i n g  muscular recru i tment  (Vele 

e t  a1 1967). The i n c l u s i o n  of i n v e r s i o n  of t h e  f o o t  had l i t t l e  i f  - -* 9 

any e f f e c t  on t h e  v a s t i i  muscles and t h i s  e f f e c t  is  s i m i l a r  t o  t h a t  ob- 

served by Gough and Ladley (1961). Of p a r t i c u l a r  i n t e r e s t  is t h e  work of 

Lesage and LeBars (1970) who have shown a  s e l e c t i v e  augmentation of t h e  

a c t i v i t y  of R.F. muscle compared t o  t h e  v a s t i i ,  while  performing adduc- 

t i o n  of t h e  l e g  wi th  e x t e r n a l  r o t a t i o n  of t h e  foo t .  

I n t e r n a l  r o t a t i o n  ( p a t t e r n  VI) f a i l e d  t o  produce any marked in -  

c r e a s e  (Pc0.05) i n  t h e  a c t i v i t y  of t h e  V.L. muscle ( f i g u r s l 4  and 15)  a s  

suggested elsewhere (Wheatley and Jahnke, 1951; Bos and Blosser ,  1970); 

t h e  a d d i t i o n  of a n  abduct ion component, t o g e t h e r  wi th  eve r s ion  of t h e  

f o o t ,  e t c .  ( p a t t e r n  VII)  produced f u r t h e r  decrease  of a c t i v i t y  of both 

V.L. and V.M. i n  n e a r l y  a l l  s u b j e c t s  ( f i g u r e s  14 and 1 5 ) ,  and s i g n i f i c a n -  

t l y  s o  (W0.05) f o r  5  s u b j e c t s  when compared t o  one of t h e  t h r e e  f i r s t  

p a t t e r n s .  Th i s  i s  c l e a r l y  i n  disagreement wi th  o t h e r  work (Wheatley 

and Jahnke , 1951) . 
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Eversion of t h e  f o o t  a s  a  component i n  i t w e l f  does n o t  seem t o  

have any d e f i n i t e  p o s i t i v e  e f f e c t  on recru i tment .  

I n t e r n a l  r o t a t i o n  ( p a t t e r n  VI) seemed t o  produce a marked but  

non-s igni f icant  decrease  i n  a c t i v i t y  of t h e  R.F. ( f i g u r e  14)  as compared 

t o  p a t t e r n  V. On t h e  o t h e r  hand, t h e  a d d i t i o n  of abduct ion ( p a t t e r n  VII)  

produced an  i n c r e a s e  i n  a c t i v i t y  of t h e  R.F. i n  a l l  but  one s u b j e c t ,  but  

no t  s i g n i f i c a n t l y  as compared t o  t h e  previous  p a t t e r n s  ( t a b l e  XII) .  This  

seems t o  be i n  accordance wi th  t h e  r e s u l t s  of Wheatley and Jahnke (1951) 

and may be expla ined  by t h e  f a c t  t h a t  R.F. i s  considered t o  he lp  i n  ab- 

duc t ion  of t h e  l e g  (Basmajian, 1967).  

The p o s i t i v e  e f f e c t s  of e x t e r n a l  r o t a t i o n  on R.F. p a r t i a l l y  sup- 

p o r t  t h e  theory  of Vele e t  a l .  (1967) who s t a t e d  t h a t  a  r o t a t i o n  component 

is  most important  i n  t h e  manipulat ive p a t t e r n s  and theory  proposed by 

Kabat and Knott (1953). However t h e  p r e s e n t  work does not  confirm t h i s  

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

It i s  d o u b t f u l  t h a t  i nve r s ion ,  eve r s ion  and even do r s i - f l ex ion  of 

t h e  f o o t  produced any f u n c t i o n a l  over-flow t o  t h e  t h r e e  muscles under in- 

v e s t i g a t i o n .  

From t a b l e  X I 1  i t  can be noted t h a t  p a t t e r n  V I I  has  presented  a  

s i g n i f i c a n t  decrease  i n  a c t i v i t y  of t h e  V.L. i n  f i v e  s u b j e c t s  when com- 

pared wi th  t h e  r e s u l t s  of t h e  f i r s t  t h r e e  p a t t e r n s .  The same can be 

r epo r t ed  f o r  t h e  V.M. where f o u r  s u b j e c t s  showed s i g n i f i c a n t  decrease  i n  

a c t i v i t y  (P40.05) a s  compared t o  t h e  f i r s t  t h r e e  p a t t e r n s .  F ive  s u b j e c t s  

showed s i g n i f i c a n t  i n c r e a s e s  i n  E .M. G. a c t i v i t y  (P 4 .05 )  f o r  t h e  R. F. bet- 

ween p a t t e r n  V and e i t h e r  one of t h e  t h r e e  f i r s t  p a t t e r n s  i nves t iga t ed .  
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It i s  be l ieved  t h a t  comparisons can be made f o r  t h e  R.F. muscle 

between e i ther -one  of t h e  t h r e e  f i r s t  p a t t e r n s  ( l e g  f l a t  on t h e  t a b l e )  

and t h e  f o u r  o t h e r  p a t t e r n s  where t h e  t h i g h  i s  f l exed  a t  30'. Even 

though t h e  shortened p o s i t i o n  of t h e  muscle under t h i g h  f l e x i o n  may 

t h e o r e t i c a l l y  b r ing  changes i n  e l e c t r i c a l  i z t i v i t y  (b igger  muscular vo- 

lume under t h e  e l e c t r o d e s ) ,  observa t ion  and p a l p a t i o n  suggest  t h a t  such 

an  e f f e c t  would have been minimal. I n  which c a s e  t h e  inc rease  i n  nus- 

c u l a r  a c t i v i t y  recorded was probably due t o  t h e  increased  load induced 

by S.L.R. I n  t h e  c a s e  of t h e  v a s t i i  muscles,  e i t h e r  t h e  l y i n g  p o s i t i o n  

o r  S.L.R. p o s i t i o n  should no t  have a f f e c t e d  t h e  p o s i t i o n  of t h e  e lec-  

t r o d e s  over  t h e  muscle f i b e r s .  Consequently comparisons between t h e  re -  

s u l t s  ob ta ined  from t h e  f i r s t  t h r e e  p a t t e r n s  and t h e  remaining fou r  pat-  

t e r n s  a r e  permiss ib le .  

A s  f a r  a s  t h e  mono-articular muscles ( v a s t i i )  a r e  concerned, t h e  

more complex t h e  t a s k  seems t o  be t h e  less a c t i v i t y  seems t o  be developed 

by t h e s e  muscles. 

Resu l t s  ob ta ined  from s i n g l e  b i - a r t i c u l a r  (R.F.) muscle confirm 

i ts r o l e  i n  f l e x i n g  t h e  h i p  and he lp ing  t h e  abduct ion of t h e  l s g .  Yet 

i n  gene ra l ,  i n h i b i t i o n  seems t o  have been produced by t h e  use  of i n t e r -  

n a l  r o t a t i o n  of t h e  l e g .  No c l e a r  exp lana t ion  can be given f o r  t h i s  

phenomenon a t  t h e  p re sen t  time. 

The P.N.F. p a t t e r n  ( p a t t e r n  V) comprised f l e x i o n  of t h e  h i p ,  ad- 

duc t ion  and e x t e r n a l  r o t a t i o n  of t h e  l e g  p l u s  i nve r s i cn  and do r s i - f l ex ion  

of t h e  f o o t  wi th  t h e  knee s t r a i g h t .  This  might be expected t o  p l ace  t h e  

same demand on t h e  muscles of t h e  knee as a s i m i l a r  p a t t e r n  (Knott and 

Voss, 1968) performed wi th  a c t i v e  ex tens ion  of t h e  knee. To support  such 



a s ta tement  Basmajian (1967), whi le  i n v e s t i g a t i n g  similar p a t t e r n s  as 
) 

t h e s e  s t a t e d :  "The most e f f e c t i v e  technique  f o r  maxinial motor u n i t  ac- 

t i v i t y  was having t h e  s u b j e c t  a c t i v e l y  perform extens ion  of t h e  knee 

a g a i n s t  r e s i s t a n c e  - not  i n  a  s t a t i c  p o s i t i o n  bu t  du r ing  motion. None- . 
t h e l e s s ,  i n  many s u b j e c t s ,  s t a t i c  c o n t r a c t i o n s  were j u s t  a s  e f f e c t i v e  - 
o r  even more e f f e c t i v e  - and t h e r e f o r e  cannot be c a t e g o r i c a l l y  condemned". 

Levine and Kabat (1953) a l s o  s t a t e d :  "Our obse rva t ions  i n d i c a t e  t h a t  

q u a n t i t a t i v e l y  t h e  c o n t r a c t i o n s  of muscles i s o m e t r i c a l l y  r ep re sen t  t h e  

same r e l a t i o n s h i p s  as they  do i n  i s o t o n i c  c o n t r a c t i o n s  f o r  t h e  p a r t i c u l a r  

p o r t i o n  of t h e  range s tudied".  Knott and Voss (1968) concluded t h a t  t h e  

d s c u l a r  work a t  t h e  knee l e v e l  i s  executed mainly by t h e  V.M. muscle, 

t h e  a r t i c u l a r i s  genu and t h e  R.F. (medial p o r t i o n ) .  The p re sen t  r e s u l t s  

demonstrate  t h a t  V.M. was n o t  r e c r u i t e d  i n  preference  t o  V.L. and i t  i s  

d i f f i c u l t  t o  understand why Knott and Voss (1968) d id  n o t  inc lude  t h e  

v a s t u s  intermedius (V.I.) i n  t h e i r  obse rva t ions ,  a t  l e a s t  i n  t h e  p l a c e  

of t h e  a r t i c u l a r i s  genu s i n c e  t h e  former demonstrates  a s p e c i f i c  r o l e  i n  

knee ex tens ion  (Lieb and Pe r ry ,  1971; Basmajian e t  a l . ,  1972).  The ad- 

d i t i o n  of t h e  term "medial por t ion"  f o r  t h e  a c t i v e  p a r t  of R.F. muscle 

seems t o  be q u i t e  a  new concept e s p e c i a l l y  a f t e r  t h e  r e j e c t i o n ,  by Bas- 

majian (1957, 1967), of theory  of d i s t a l  and proximal bulks  (Markee s 
a 1  1955).  With regard t o  h i p  movement, t h e  s a r t o r i u s  muscle may be ,- 9 

included i n  accordance wi th  t h e  s ta tement  of MacConaill and Basmajian 

(1969): "... is  a c t i v e  dur ing  f l e x i o n  of t h e  t h i g h  r e g a r d l e s s  of whether 

t h e  knee i s  s t r a i g h t  o r  bent". 
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The o t h e r  P.N.F. p a t t e r n  ( p a t t e r n  VII ) ,  which used f l e x i o n  of t h e  

h i p ,  abduct ion and i n t e r n a l  r o t a t i o n  of t h e  l e g  and eve r s ion  of t h e  f o o t  

combined wi th  do r s i - f l ex ion  wi th  t h e  knee s t r a i g h t ,  t h e o r e t i c a l l y  should 

r e q u i r e  t h e  same muscular work f o r  t h e  muscles c ros s ing  t h e  knee a s  when 

knee ex tens ion  movement i s  included i n  t h e  p a t t e r n .  Again Knott and Voss 

(1968) suggested t h a t  t h e  V . I . ,  V.L., R.F. ( l a t e r a l  p o r t i o n )  and t h e  ar- 

t i c u l a r i s  genu should be a c t i v a t e d  i n  t h e s e  p a t t e r n s .  The r e s u l t s  of 

t h e  p re sen t  s tudy  do not  confirm t h e  i n c l u s i o n  of V.L. and t h e  exc lus ion  

of t h e  V.M. 

Of cou r se  i t  i s  p o s s i b l e  t o  a rgue  t h e  f a c t  t h a t  b e t t e r  muscular 

recru i tment  can be obta ined  when t h e  knee j o i n t  is f i x e d  over a fulcrum 

wi th  t h e  l e g  performing ex tens ion  a g a i n s t  maximal r e s i s t a n c e .  Never- 

t h e l e s s ,  t h e  b e s t  method f o r  recru i tment  of t h e  quadriceps muscles is  

n o t  under i n v e s t i g a t i o n  here .  What is under i n v e s t i g a t i o n  i s  t h e  e f f e c t s  

of d i f f e r e n t  p a t t e r n s  of movement on t h e  recru i tment  of t h e  quadriceps.  

Because t h e  two P.N.F. p a t t e r n s  i n v e s t i g a t e d  (knee s t r a i g h t )  have t h e  

same p o s i t i o n  a s  f i n a l l y  reached du r ing  t h e  s i m i l a r  p a t t e r n s  involv ing  

knee ex tens ion  (Knott and Voss, 1968),  t h e  f a c i l i t a t o r y  e f f e c t s  may be 

expected t o  be s i m i l a r  i n  t h a t  f i n a l  p o s i t i o n .  

More i n v e s t i g a t i o n  should be done t o  s tudy t h e  e f f e c t s  of maximal 

r e s i s t a n c e  o f f e r e d  a t  d i f f e r e n t  ang le s  of knee ex tens ion  dur ing  per for -  

mance of t h e s e  two p a t t e r n s  (V and VII ) .  Comparison should a l s o  be made 

between recru i tment  produced dur ing  a  s imple maximally r e s i s t e d  knee ex- 

t e n s i o n  and knee ex tens ion  maximally r e s i s t e d  whi le  performing P.N.F. 

p a t t e r n s  V and V I I .  
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Wheaton (1968) s tud ied  t h e  ga in  i n  s t r e n g t h  of quadr iceps  muscles 

t r a i n e d  i n  both a  s t and ing  and a  s i t t i n g  p o s i t i o n  which he c l a s s i f i e d  

r e s p e c t i v e l y  a s  f u n c t i o n a l  and non-funct ional  e x e r c i s e  p o s i t i o n s .  He 

c l e a r l y  demonstrated t h a t  t h e  s t and ing  p o s i t i o n  produced a  marked ab- 

s o l u t e  and more r ap id  i n c r e a s e  i n  s t r e n g t %  
' 

Houtz, Lebow and Beyer (1957) 

had performed s i m i l a r  work and even though t h e i r  r e s u l t s  may not  be d i -  

r e c t l y  comparable wi th  those  of Wheaton (1968) t h e i r  main conclus ion  was: 

"The pos tu re  of t h e  s u b j e c t  has  a g r e a t e r  e f f e c t  on t h e  r e a l i z a b l e  f o r c e  

developed a t  t h e  knee than  does t h e  in f luence  of g r a v i t y  on t h e  l e g ,  o r  

t h e  s t a b i l i z a t i o n  of ad j acen t  par t s" .  Such a s ta tement  is i n t e r e s t i n g  

i n  t h a t  muscles can behave q u i t e  d i f f e r e n t l y  depending upon t h e  t r a i n i n g  

p o s i t i o n  used. m i l e  such a  s ta tement  has  i t s  a p p l i c a t i o n  i n  t h i s  s tudy ,  

i t  is  n o t  new; Rasch and Morehouse (1957) s tud ied  t h e  e f f e c t  of s t a t i c  

and dynamic e x e r c i s e s  on muscular s t r e n g t h  and hypertrophy and noted: 

I1 Whereas s u b j e c t s  showed s t r e n g t h  ga ins  i n  t h e  t e s t s  when muscles were 

eniployed i n  a  f a m i l i a r  way, l i t t l e  o r  no ga in  i n  s t r e n g t h  was observed 

when un fami l i a r  procedures  were employed". More i n v e s t i g a t i o n  is  never- 

t h e l e s s  needed t o  determine whether one i s  a c t u a l l y  t e s t i n g  a  r e a l  ga in  

i n  s t r e n g t h  and not  degree of f a m i l i a r i t y  wi th  t h e  t e s t i n g  procedure. 

For comparison of t h e  p re sen t  d a t a  wi th  previous  work, it should 

be noted t h a t  Bos and Blosser  (1970) used t h e  s tanding  p o s i t i o n  and ac- 

t i v e  vo lun ta ry  i some t r i c  c o n t r a c t i o n  only. Wheatly and Jahnke (1951) 

desc r ibed  i n t e r e s t i n g  d a t a  on t h i s  t o p i c ,  but  i t  i s  no t  c l e a r  when they  

r e f e r  t o  t h e  V.M. and V.L. muscles i f  t h e  r e s u l t s  obtained from both 

l y i n g  and s t and ing  p o s i t i o n s  were pooled f o r  a n a l y s i s .  Gough and Ladky 

(1961) used ha l f - ly ing  and l y i n g  p o s i t i o n s  wi th  submaximal e f f o r t  and 



produced r e s u l t s  which a r e  more i n  agreement w i th  those  presented he re  

i n  terms of t h e  e f f e c t s  of some p a t t e r n s  of movement on s p e c i f i c  muscles. 

While Basmajian (1967) presented  t h e  r e s u l t s  of Wheatley and Jahn- 

ke  (1951) he seems t o  have f a i l e d  t o  reproduce s i m i l a r  f i n d i n g s  consis-  

t e n t l y  i n  an  unpublished experiment w i t h  t h e  c o l l a b o r a t i o n  of phys i ca l  

t h e r a p i s t s ,  i n v e s t i g a t i n g  t h e  e f f e c t s  of p a t t e r n i n g  of t h e  l e g  on t h e  

quadriceps muscles. He even concluded t h a t :  "The l e s s o n  t o  be learned  

by P h y s i o t h e r a p i s t s  and r e h a b i l i t a t i o n  s p e c i a l i s t s  from these  f i n d i n g s  

is  one of h e a l t h y  scep t i c i sm f o r  many of t h e  dogmatic teachings  t h a t  

bear  on t h e  methods of evoking inaximal quadriceps a c t i v i t y .  Some of our  

f i n d i n g s  appear  t o  confirm dogmas, o t h e r s  f l a t l y  c o n t r a d i c t  them, and 

s t i l l  o t h e r s  show t h a t  d i f f e r e n t  s u b j e c t s  r e a c t  i n  d i f f e r e n t  ways". H i s  

f i n d i n g s  seem t o  be very  s i m i l a r  t o  ou r s ,  when t h e  e x e r c i s e s  i n  ques t ion  

r e f e r  t o  t h e  e x e r c i s e s  and p o s t u r e  used i n  t h i s  s tudy .  

Rasch and Morehouse (1957) conclude i n  t h e i r  s tudy:  "The f i n -  

d ings  suggest  t h a t  t h e  h ighe r  s c o r e s  i n  s t r e n g t h  t e s t s  r e s u l t i n g  from 

t h e  e x e r c i s e  programs r e f l e c t e d  l a r g e l y  t h e  a c q u i s i t i o n  of s k i l l " .  Af- 

ter t r a i n i n g  s e s s i o n s  ranging  over  a f o u r  weeks pe r iod ,  K r o l l  (1965b) 

d i d  not  f i n d  any l e a r n i n g  f a c t o r  a s  f a r  a s  f a c i l i t a t i o n  i s  concerned f o r  

c o n t r a l a t e r a l  e f f e c t s  i n  an  i some t r i c  form of work, Even though Payton 

and Kelley (1972) have r epor t ed  a c q u i s i t i o n  of s k i l l  dur ing  execut ion 

of a  s imple t a s k  we could n c t o f f e r  t h e  same conclusion through our  

method of a n a l y s i s  f o r  our g r o s s  p a t t e r n s  of a c t i v i t y .  I f  a  prolonged 

l e a r n i n g  per iod  i s  needed when us ing  P.N.F. p a t t e r n s  wi th  t h e  aim of 

recru i tment  a c t i v i t y  i n  a  s p e c i f i c  muscle o r  group of muscles,  a  l o s s  of 

t ime i n  muscular reeduca t ion  may be encountered i n  such c a s e s  were our  



d a t a  a r e  a p p l i c a b l e .  Consequently, i n  t h e  f i e l d  of or thopaedic  medicine, 

o t h e r  techniques  than those  used i n  pa t . te rn ing  should be considered 

s e r i o u s l y  f o r  t h e  r e h a b i l i t a t i o n  of t h e  i n j u r e d  quadriceps muscles. Fur- 

thermore a s  t h e  response of i n d i v i d u a l s  t o  a  given technique of p a t t e r -  

n ing  appears  t o  vary  ( f i g u r e  15), it may n. ave more p r o f i t a b l e  t o  f i n d  

and use  techniques which g ive  a more p r e d i c t a b l e  degree  of recru i tment  

f o r  t h e  l a r g e r  number of t h e  i n j u r e d  popula t ion .  

The reason f o r  normalizing t h e  I.E.M.G. by t h e  means of t h e  r a t i o  

have been d i scussed  i n  Methods of a n a l y s i s .  I f  t h i s  manoeuvre is  consi-  

dered v a l i d ,  t h e  r a t i o  g ives  a  measure of how c l o s e l y  t h e  I.E.M.G. ob- 

t a i n e d  dur ing  any p a t t e r n  changed r e l a t i v e  t o  t h e  ' s tandard '  va lue  of 

I.E.M.G. Consequently i t  i s  p o s s i b l e  t o  i n v e s t i g a t e  any t r e n d s  i n  t h e  

r e l a t i v e  a c t i v i t y  which occur  w i th  p r a c t i c e  and t h e r e f o r e  a s c r i b e  t h e  

r e s u l t s  t o  a  p roces s  of l ea rn ing .  

I n  t h e  non-normalized I.E.M. G. d a t a  (see appendix 1 )  t h e r e  is  

more v a r i a t i o n  than  i n  t h e  r a t i o s  but  t h e r e  a r e  no obvious t r e n d s  which 

would i n d i c a t e  l e a r n i n g  (see  appendix 3 ) .  

C. Work Task 3 (W.T.31 

S imi l a r  graphs t o  f i g u r e  9 were p l o t t e d  from t h e  r e s u l t s  of W.T.3 

(see f i g u r e  1 6 ) ,  and aga in ,  a  s i m i l a r  kind of r e l a t i o n s h i p  between Tor- 

que and I.E.N.G. was shown a s  p rev ious ly  i n  W.T.1. From t h e s e  r e s u l t s ,  t h e r e  

w e r e  no evidence t h a t  t h e  locked knee p o s i t i o n  may have a l t e r e d  t h e  va- 

l u e s  of t h e  r e s u l t s  of W.T.1. I n  f a c t  t h e  locked knee p o s i t i o n  seemed 

t o  produce l e s s  s c a t t e r  i n  t h e  1.E.M.G.-Torque r e l a t i o n  then t h a t  ob- 

t a i n e d  wich t h e  knee s e t  a t  160 degrees  of f l e x i o n .  
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The t a b l e  of c o r r e l a t i o n s  ( r )  ( t a b l e  XIII)  of I.E.M.G. between 

d i f f e r e n t  p a i r s  of muscles shows a  uniform high cor re la t ion .  No p a r t i -  

c u l a r  p a i r  of muscles present  a  s i g n i f i c a n t l y  higher c o r r e l a t i o n  than 

any o the r  two p a i r s  i n  agreement with the  da ta  of W.T.I.. 

The average (mean) c o r r e l a t i o n s  given f o r  t h e  e i g h t  h ighes t  to r -  

ques show higher c o r r e l a t i o n s  than a r e  the  average (mean) c o r r e l a t i o n s  

f o r  t h e  e i g h t  lowest torques. The average of the  s ix teen  con t rac t ions  

produced demonstrate a  very high l e v e l  of co r re la t ions .  

The curve f i t t i n g  program which s tudied  the  mean square dev ia t ion  

f o r  both l i n e a r  and quadra t ic  equations f o r  each muscle, each subjec t  

and each sess ion ,  shows t h a t  t h e r e  is no s i g n i f i c a n t  preference f o r  

e i t h e r  l i n e a r  o r  quadra t ic  f i t  (see t a b l e  X I V ) .  

This is  c l e a r l y  of i n t e r e s t  and needs f u t u r e  inves t iga t ion .  

However it can be seen t h a t  some po in t s  which represent  the  h ighes t  

l e v e l s  of torques produced have the  tendency t o  dev ia te  from t h e  l i n e a r  

r e l a t i o n s h i p s  obtained from the  low and mid-range torques. A s  s t a t ed  

previously,  many more po in t s  involving many more muscular con t rac t ions  

would be needed t o  de f ine  c l e a r l y  t h e  na tu re  of the  r e l a t i o n s h i p .  



The more complex of t h e  p a t t e r n s  i n v e s t i g a t e d  i n  t h i s  s tudy  pro- 

duced v a r i a b i l i t y  i n  recru i tment  between s u b j e c t s  and could t h e r e f o r e  be 

considered v a r i a b l e  i n  terms of producing over-flow t o  t h e  t h r e e  compo- 

n e n t s  of t h e  quadriceps muscles under i n v e s t i g a t i o n .  

The f u n c t i o n a l  anatomy of each component i n v e s t i g a t e d  was con- 

firmed i n  i t s  p r i n c i p l e  a c t i o n  i . e .  t h e  v a s t i i  being ex tenso r s  of t h e  

knee, and R.F. being a  f l e x o r  of t h e  h i p ,  ex t enso r  of t h e  knee a s  w e l l  

a s  a s s i s t i n g  i n  abduct ion of t h e  h ip .  

No i p s i l a t e r a l  over-flow t o  t h e  quadr iceps  could be demonstrated 

by means of d i s t a l  ( a t  t h e  f o o t )  and proximal (h ip )  s t i m u l a t i o n  du r ing  

maximal manual r e s i s t a n c e  and o t h e r  f a c i l i t a t i o n  mechanisms (voice,  e t c . ) .  

No "un ive r sa l i t y "  o r  "inborn" c h a r a c t e r i s t i c s  were observed. 

No t r a i n i n g  e f f e c t  o r  l e a r n i n g ,  i n  terms of muscular recru i tment ,  

was observed dur ing  r e g u l a r  p r a c t i c e  and i n v e s t i g a t i o n  l a s t i n g  two months 

wi th  seven normal h e a l t h y  s u b j e c t s ,  under t h e  c r i t e r i a  used i n  t h i s  s tudy.  

Consequently, i t  i s  f e l t  t h a t  more exper imenta t ion  should be pur- 

sued on t h e  t o p i c  of p a t t e r n i n g  and f a c i l i t a t i o n .  Th i s  i s  j u s t i f i e d  by 

t h e  f a c t  t h a t  t h e  e x i s t i n g  l i t e r a t u r e  on t h e  s u b j e c t  is ve ry  cont rad ic-  

t o r y ,  and t h a t  few s t u d i e s  a r e  devoted t o  t h i s  t o p i c  i n  comparison wi th  

t h e  p o p u l a r i t y  of i t s  u s e  i n  c l i n i c a l  p r a c t i c e .  

A f t e r  many more s t u d i e s  of t h i s  t ype ,  t h e  f i e l d  of muscular reha- 

b i l i t a t i o n  w i l l  be enhanced and many of t h e  p r a c t i c e s  which a r e  now based 

upon theory ,  w i l l  be based upon f a c t .  
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v 
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R
1
 

V
 

1 
R
l
 

V 
- 

1 
- 

- 
- 

- 
- 

I
1
1
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 v 

V
I 

31
.5
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.9
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.5
 

8.
8 
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I 
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3.
5 

1.
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0.
55
 

0.
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] 1
7.
1 

1 
0.
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0.
5 
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.0
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.5
 

0.
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0.
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0.
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0 

0.
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5 
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.0
 

0.
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0 
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40
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E
E
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. 
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. 
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ss
io
n 

# 
2 

D
a
t
e
 

A)
 
Fo
rc
e-
Tr
an
sd
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er
 
Ca
li
br
at
io
n:
 

Lo
ad
 :
 

24
.5
4 

kg
. 

De
fl
ec
ti
on
: 

7
 7 

m
m
 . 

B)
 
Fo
rc
e-
Tr
an
sd
uc
er
 
Ca
li
br
at
io
n 
gr
ap
h:
 

T
o
r
q
u
e
 

D
e
f
l
e
c
t
i
o
n
 

le
g 
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48
 

kg
 .
cm
. 
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 . 

we
ig
ht
88
3.
44
 

kg
.c
m.
 

mm
. 

le
g 

+
 ~
t
1
0
0
9
9
2
k
~
.
 

cm
. 

75
 

mm
. 

2)
 E
.M
.G
. 

Ca
li
br
at
io
n 
~
r
a
p
h
:
 

Ca
l.
 
i
n
 

V.
L.
 

0
 m
V.
 

1
 m
V.
 

V.
M.
 

0
 m
V.
 

1
 m
V.
 

R.
F.
 

0 
mV
. 

1 
mV
. 

R
e
s
e
t
s
 

-
-
 

-
 

-
 

-
-

 

D)
 
T
o
r
a
u
e
/
v
o
l
t
s
 c
ur
ve
s 
i
n
 k
g.
 
cm
./
mV
. 

(W
.T
.l
):
 

T
o
r
a
u
e
 

E.
M

.G
.- 

Re
se
ts
 &

 
Vo
lt
s 

I 
V.
 L
. 

I 
V.
M.
 

1 
R.
F.
 

E)
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st
og
ra
m 
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 V
ol
ts
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at
te
rn
s 
(W
.T
.2
):
 

P
a
t
 te
rn
 

E.
M

.G
.- 

Re
se
ts
 &

 
Vo
lt
s 

V.
L.
 

I 
V.
M.
 

I 
R.
F.
 

R 
1 

v 
I 

R
1

 
V 

1 
R

l
 

V
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.5
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.8
7 
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9.
9 
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1.
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0 
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I 
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2 
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E
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 . 
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io
n 
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2 

D
a
t
e
 

A)
 
Fo
rc
e-
Tr
an
sd
uc
er
 C
al
ib
ra
ti
on
: 

Lo
ad
 :
 

24
.5
4 

kg
. 

De
fl
ec
ti
on
: 

8
 5
 

mm
 . 

B)
 
Fo
rc
e-
Tr
an
sd
uc
er
 C
al
ib
ra
ti
on
 g
ra
ph
: 

To
rq
ue
 

De
fl
ec
ti
on
 

le
g 

1
n

n
.1

0
 

kg
.c
m.
 

mr
n 
. 

we
ig
ht
 

8
0

9
-8

7
 k
g.
cm
. 

mm
 . 

le
g 

+
 ~

t
9
~
9
*
~
~
k
~
.
c
r
n
.
 
8
 5 

mr
n . 

D)
 
~
o
r
q
u
e
/
v
o
l
t
s
 cu
rv
es
 i
n 
kg
. 

c
m
.
/
m
~
.
 (
W.
T.
l)
: 

To
ra
ue
 

E.
M.
G.
- 

Re
se
ts
 &

 
Vo
lt
s 

V.
L.
 

1 
V.
M.
 

1 
R.
F.
 

I 

2)
 
E.
M.
G.
 
Ca
li
br
at
io
n 
gr
ap
h:
 

Ca
l.
 
i
n
 

Re
se
ts
 

V.
L.
 

0
 m
v.
 

0
 

1 
mv
. 

2 9
 

V.
M.
 

0
 m
V.
 

0 
1
 m
v.
 

20
 

R.
F.
 

0
 m
V.
 

1 
1 
mV
. 

4
1
 

3)
 
Hi
st
og
ra
m 
of
 V
ol
ts
/p
at
te
rn
s 
(W
.T
.2
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tt
er
n 
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M.
G.
- 

Re
se
ts
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lt
s 

I
 

.
 -
 

1 
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I 
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5 
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3 
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51
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5 
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n 
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D
a
t
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at
io
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Lo
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.5
4 
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De
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ec
ti
on
: 

7
 8 

m
m
 . 

B)
 
Fo
rc
e-
Tr
an
sd
uc
er
 C
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ib
ra
ti
on
 g
ra
ph
: 

T
o
r
q
u
e
 

D
e
f
l
e
c
t
i
o
n
 

le
g 

10
9.
86
 

kg
.c
m.
 

m
m
 . 

we
ig
ht
84
6.
63
 

kg
.c
m.
 

m
m
 . 

le
g 

+
 W
t 
95
6.
49
kg
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cm
. 
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m
m

. 

:) 
E.
M.
G.
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li
br
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io
n 
~
r
a
p
h
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l.
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Re
se
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V.
L.
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mV
. 

1 
mV
. 

V.
K.
 

0
 m
V.
 

1
 m
V.
 

R.
F.
 

0 
mV
. 

1
 m
V.
 

D)
 
~
o
r
q
u
e
/
v
o
l
t
s
 c
u
r
v
e
s
 i
n
 k
s.
 
cm
./
mV
. 

(W
.T
.l
):
 

E)
 
Hi
st
og
ra
m 
of
 V
ol
ts
!p
at
te
rn
s 

(W
.T
.2
):
 

To
rq
ue
 

E.
M

.G
.- 

Re
se
ts
 &

 
Vo
lt
s 
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t 
te
rn
 

E.
M.
G.
- 

Re
se
ts
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Vo
lt
s 

I 
V.
L.
 

1 
V.
M.
 

I 
R.
F.
 

J
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.0
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.2
3 

p
4

.5
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.1
1 

)1
3.
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0.
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V
I
I
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10
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11
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9 
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0 
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kg
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fl
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ti
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ra
ti
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ra
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fl
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ti
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g 
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kg
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 . 
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ol
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 c
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i
n
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c
m
.
/
m
~
.
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T.
l)
: 
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ra
ue
 

E.
M.
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- 
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se
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s 
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V.
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V.
M.
 

I 
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0
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li
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ap
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l.
 
i
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0
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1
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1
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1
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.2
):
 

Pa
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=
,
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ra
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ig
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8
3

4
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m
m
 . 
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i
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ue
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.G
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se
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lt
s 
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L.
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M.
 

R.
F.
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o
 

R
[
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R
I
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R
(
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L
~

K
 

a
t
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t 
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- 
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- 
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E.
M.
G.
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li
br
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l.
 
i
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se
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0
 m
V.
 

1
 m
V.
 

V.
M.
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1 
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1
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V.
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on
 

le
g 
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m
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m
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00
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6
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 . 
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n 
gr
ap
h:
 

Ca
l.
 
i
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1
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V.
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0
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V.
 

1
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4
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R.
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0
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0
 

D)
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ue
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ol
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g.
 
c
m
.
/
m
~
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ra
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ol
ts
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at
te
rn
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(W
.T
.2
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E.
M.
G.
- 
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se
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lt
s 

V.
L.
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V.
M.
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R.
F.
 

L
) a
 

4
 

P
a
t
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M.
G.
- 
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se
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lt
s 

V.
L.
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. 
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V 

R
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R 
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V 
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5
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 d
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.T
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) 

4
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3

1
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3
8
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1

0
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6
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0.

18
 

I
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6
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3
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. 
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Tr
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sd
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: 
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M.
G.
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li
br
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gr
ap
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To
rq
ue
 

le
g 
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k
g
-
c
m
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we
ig
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8 

kg
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. 

le
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+
 W
t 
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kg
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fl
ec
ti
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l.
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se
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V.
L.
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1
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V.
 

V.
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0
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V.
 

1
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0
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1
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m
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.G
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se
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L.
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M.
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R.
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-
-
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V
o
l
t
s
/
p
a
t
t
~
x
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se
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L.
 

V.
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R
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V
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0 
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5 
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d 
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4
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1
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0
7
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m
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I
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9
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8

 
22
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. 
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n 
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D
a
t
e
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Fo
rc
e-
Tr
an
sd
uc
er
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li
br
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io
n:
 

Lo
ad
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24
.5
4 

kg
: 

D
e
f
 1e
ct
.i
on
: 

6
4
 

mm
 . 

B)
 
Fo
rc
e-
Tr
an
sd
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er
 
C
a
l
i
b
r
a
t
i
o
n
 g
ra
ph
: 

T
o
r
q
u
e
 

D
e
f
l
e
c
t
i
o
n
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g 
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6.
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kg
.c
m.
 

rn
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. 
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le
g 

+
 W
t
 1
00
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g.
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6
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. 
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M.
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C
a
l
i
b
r
a
t
i
o
n
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ra
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: 
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T
o
r
q
u
e
/
v
o
l
t
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u
r
v
e
s
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n 
kg
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l.
 
in
 

R
e
s
e
t
s
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V.
L.
 

0
 m
v.
 

0
 

1
 m
v.
 

3
 0 

V.
M.
 

0
 m
V.
 

0
 

1
 m
v.
 

2
 1
 

R.
F.
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mV
. 
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1
 m
V.
 

3
 8
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st
og
ra
m 
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lt
s/
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tt
er
ns
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.T
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P
a
t
t
e
r
n
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. 
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D
a
t
e
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rc
e-
Tr
an
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uc
er
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ib
ra
ti
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: 

Lo
ad
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24
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4 
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,
 

De
fl
ec
ti
on
: 

8
 3
 

rn
m 
. 

B)
 
Fo
rc
e-
Tr
an
sd
uc
er
 
Ca
li
br
at
io
n 
~
r
a
p
h
:
 

T
o
r
q
u
e
 

De
fl
ec
ti
on
 

le
g 

10
0.
10
 

kg
.c
m.
 

m
m
 . 

we
ig
ht
 8
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.8
2 

kg
.c
m.
 

m
m
 . 

le
g 

+
 W
t 
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9.
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kg
.c
m.
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m
. 

D)
 
To
rq
ue
/v
ol
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 c
ur
ve
s 
in
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g
.
 
cr
n.
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~.
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w.
T.
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: 
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.M
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. 
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br
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io
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gr
ap
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l.
 
i
n
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R
e
s
e
t
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V.
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0
 m
V.
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. 
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0
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V.
 

1
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V.
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F.
 

0
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o
f
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ts
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at
te
rn
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.T
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0
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. 
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D
a
t
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sd
uc
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: 
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6
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 . 
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Tr
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sd
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 C
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ib
ra
ti
on
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ra
ph
: 

To
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ue
 

De
fl
ec
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g 
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kg
.c
m.
 

mm
 . 
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ig
ht
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6.
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kg
.c
m.
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 . 
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g 

+
 W
t 
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m.
 

6
4
 

m
. 
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~
o
r
q
u
e
/
v
o
l
t
s
 cu
rv
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 i
n 
kg
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./
mV
. 

(W
.T
.l
):
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M.
G.
 

Ca
li
br
at
io
n 
gr
ap
h:
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l.
 
i
n
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0 
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. 

1 
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V.
M.
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. 

1
 m
V.
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F.
 

0
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se
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er
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rc
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r. 
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6
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m
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 . 
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: 
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fl
ec
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w
e
i
g
h
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o
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m
m
 . 
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+
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t
9
1
0
*
2
0
k
~
.
c
m
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0
 

m
m
 . 
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~
o
r
q
u
e
/
v
o
l
t
s
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c
m
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/
m
~
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W.
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M
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se
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lt
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L.
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V
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R
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R
l
 
V
I
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I
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1
 
R

J
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r
l 
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. 
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br
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ap
h:
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l.
 
in
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se
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V.
L.
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. 

0
 

1
 m
v.
 

4
 4
 

V.
M.
 

0
 m
V.
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.5
 

1
 m
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Appendix 2: Raw data  for W.T.3 



D A T A  S H E E T  15 7 

Name G.M. No. 1 Session # 1 Date 

A) Force-Transducer Calibration: Load: 24.54 kg. Deflection: 52 mm . 

B) Force-Transducer Calibration graph: 

Torque Deflection 

leg 82.9 kg.cm. mm . 

C) E.M.G. Calibration graph: 

Cal. in Resets 

V.L. 0 mV. 
.1 mV. 

. V.M. 0 mV. 
1 mV. 

R.F. 0 mV. 
1 mV. 

weight809.8 kg.cm. mm. 

leg + Wt89Ukg.cn. 5 2 mm. 

D) Torque/volts curves in kg, cm./m~. (w.T.~): 

V.L. P V.M. 
R V R V 

1.80 0.05 0.50 0.02 

-- 

-- 
- - 
- - 
- - 
- - 
-- 
- - 
-- 
- - 
- - 
- - 
- - 

R.F. I AMPLITUDE 
R V mm . 
1.70 0.05 10.0 



D A T A  S H E E T  158 

Name G.M. No. 1 Session# 2 Date 

A) Force-Transducer Calibration: Load: 24.54 kg. Deflection: 63 mm . 
I 

B) Force-Transducer Calibration graph: I C) E.M.G. Calibration graph: 

Torque Deflection Cal. in Resets 

leg a2*9 kg.cm. mm . V.L. 

V.M. 

R.F. 

0 mV. 0 
,1 mV. 4 4 

weight 809*8 kg.cm. mm. 

leg + ~ t ~ ~ ~ *  kg.cm. 62 mm. 

0 mV. 0 
1 mv. 44 
0 mv. 0 
1 mv. 58 

D) Torque/volts curves in kp. cm./m~. (w.T.~): 

1 R.F. AMPLITUDE 

R I V mm . V.L. 
R 

6'.00 

3.50 

6.00 

V 

0.15 

0.90 

0.15 



D A T A  S H E E T  15 9 

Name . No. 2 Session # 1 Date 

A) Force-Transducer Calibration: Load: 74.54 kg. Deflection: 4 5 . 5  mm . 

B) Force-Transducer Calibration gra~h: C) E.M.G. Calibration graph: i 
Torque Deflection I Cal. in Resets 

D) ~orque/volts curves in kp. cm./m~. (W.~.31: 

leg 129.2 kg.cm. nun. 

weight932.5 kg. cm. mm. 

1061 7 45.5 m. 
l e g + W t  kg.cm. 

V.M. R.F. 
R V R V 

3.40 0.08 5.00 0.13 

1.50 0.04 5.00 0.13 

4.50 0.10 10.50 0.27 

V.L. 0 mV. 
.1 mV. 

V.M. 0 mV. 
1 mv. 

R.F. 0 mV. 
1 mV. 

AMPLITUDE 
mm . 



D A T A  S H E E T  160 

Name G. S. No. 2 Session # 2 Date 

A) Force-Transducer Calibration: Load: 24.54 kg. Deflection: 42.5 mm . 

B) Force-Transducer Calibration graph: C )  E.M.G. Calibration graph: I 
Torque Deflection Cal. in Resets I 

D) Torque/volts curves in kg. cm./m~. ( w . T . ~ ) :  

leg 129.2 kg.cm. mm . 
~ei~ht932.5 kg. cm. mm. 

1061 7 42.5 
leg + Wt kg.cm. mm . 

V.L. fl V.M. 
R 1 V I R 1 V 

V.L. 0 mV. . 0 
1 mV. 60 

. V.M. 0 mV. 0 
1 mv. 4 4 

R.F. 0 mV. . 0 
1 mV. 42 



D A T A  S H E E T  16 1 

Name T.L. No. 3 Session # 1 Date 

A) Force-Transducer Calibration: Load:24.54 kg. Deflection: 62 mm . 

B) Force-Transducer.Calibration graph: 

Torque Deflect ion 

leg 98*5 kg.cm. mm . 

C) E.M.G. Calibration graph: 

Cal. in Resets 

V.L. 

V.M. 

R.F. 

D) Torque/volts curves in kg. cm./mV. (W.T.3): 



D A T A  S H E E T  162 

Name T.L. No. 3 Session # 2 Date 

A) Force-Transducer Calibration: Load:24.54 kg. Deflection: 60 mm . 
I 

B) Force-Transducer-Calibration graph: C) E.M.G. Calibration graph: I 
Torque Deflect ion I ~ a l . i n  Resets 

leg 98.5 kg.cm. mm . 
, - 1 i.i. o mv. 

I .1 mv. 

I V.M. OmV. 
~ 1 rflv. 

R.F. 0 mV. 
1 mV. 

weigh@09 8 kg. cm. mm. 

leg + ~@08*3k~.cm. - 6 0 m. 

D) Torque/volts curves in kg. cm./mV. (W.T.3):  

V.L. 



Appendix 3: H i s t o g r a m s  o f  the raw d a t a .  



Histograms of t h e  I.E.M.G. (mV.) produced 
by each muscle (V.L., V.M.,  R.F.) dur ing  
maximal torque  (wt 5 )  of W.T.l, f o r  each 
s u b j e c t  ( W 7 )  from each s e s s i o n  ( W 5 ) .  
Each of t hese  v a l u e s  w a s  used t o  form 
r a t i o s  wi th  t h e  va lues  obta ined  from t h e  
performance of t h e  seven p a t t e r n s  of 
W.T.2 as desc r ibed  i n  t h e  Method of Analysis .  





Histogram of maximal torques (Kg.cm.) 
produced by each s u b j e c t  (N"7) during 
each sess ion  (N=5) of W.T.l . 





Histograms of t h e  I .E.M.G.  (mV.) 
produced by each muscle ( V . L . ,  V.M., 
R.F.) dur ing  maximal torque  of W . T . 3 ,  
f o r  each s u b j e c t  (N=3) dur ing  each 
s e s s i o n  ( N = 2 ) .  



Session 
Subject 1 



Histogram of the maximal torque 
(Kg.cm.) produced by each subject 
(N=3) during each session (N=2) 
of W.T. 3.  
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