-

)

Natlonal lerary

'

Bnbhothéque natnonale

of Canada ~ du Canada ‘ : . -
o LA s . :
Canadlan Theses Serwce Service des théses canadaennes S } -
s Otawa, Canada . ol ' - o
- K1A ON4 ) i
o ‘ ]
' .
' S A
. o 4 %
; B T |
. % ' . <
) ) . , . o "
~ NOTICE - R AVIS

~ The quahty of this microform s heavily dependem upon the

*%yahty of the original thesis submitted for microfilming.

ery effort has been mdde to ensure the hg(hest qualltyaot
reproduction possmle

: .prc?es are missing, contact the umversnty WhICh gramed
- the degree. ,

Some Fages may have mdlstmct print especnall xf fhe
- origina
if the unlversuty sent us an inferior photocopy

oA

" Previously copyrighted: materials’ (journal amcles pub
lished tests, etc ) are not filmed. ,

Reproductlon in fuII orin pan of this microform s governed
by the Canadnan Copynght Act,-R.S.C. 1970, c. C-30.

NL-339 (r. 88/04),

N

, lumversnte quia conléré le grade.

pages were typed with & poor typewriter ribbon or .. - désirer, surtoul siles pages originales o

~ Les documents quj

- microfilmés. N

La qualité de cette’microfo?mg dépend gjmndam&n dela
qualité de la these soumise au microlilmage. Nous avons
tout fait- pour assurer une qualité supéricure do e produ( .
tion: .

(;r,
S'il- manque des. pages, veuillez cd jquer avee

2

La qualité d'impression de certaines pages Nyut laisser a
phiées & l'aide d'un ruban us¢ ou si l'univergfAé nous a fay
parvenir une photocopie de qualilé inferie i
ont déja I'objet d'un droit d'auteur

(arlicles de revu€, tésts publi¢s, etc.) ne. sont pas

La reproductlon méme parhelle de cefte microforme est
soumise a 1a Loi canadienne sur Ie droit daut(*ur SRC
1970 c. C-30. '

Canad"'

j dactylogra-*



THE UNIVERSITY OF ALBERTA
* J’ v .‘ ‘

ISOKINETIC EVALUATION OF KNEE FLEXOR AND KNEE EXTENSOR

_ : MUSCLE ENDURANCE IN RUNNERS AND UNTRAINED MALES
'y SN o L B
“L‘.. ﬁ: Vs I o ‘ . ’ " ' by s o ‘ N ‘ . ./‘ . )
e wN T R
- () svandis Sigurdardottir =~
N | R c ‘

PO . A THESIS . ;*rf .

SUBMITTED TO THE FﬁCULTY OF GRADUATE STUDIES AND RESEARCH

JIN PARTIAL FUuFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF Master of Sc1ence' _q
. , : W
v \ N . ) .‘-A‘ " . l. - - ) : . [
Department of Physical Therapy Co si///if
e )

EDMONTON ALBERTA
g R L

Fall 1988

i‘(“‘ .



wPermission has been - granted‘
to the National JLibrary of-.
‘to - microfilm’ this"

) ,Canada
-Vﬁghésis and to lend or sell
" copies of the film.

N . ' N b'

The author gpopyright owner)
has reserved. other
publicationv

" neither the thesis nor

‘'extensive extracts from it
. may be printed or otherwise .’

" reproduced without.
written permiesiopa’]

his/her

R

_'”film. ¢

L)
. f
v

L' autorisation a &té accotdée
a 1a Bibliothéque natiopale .
duj Cafiada de microfilmer
cette thése et' de préter ou -
de vendre des exemplairea du-

e

L auteur (éitulaire du ‘droit’
o at auteur) . se
rights, and ..

. réserve les
jutres droits de publication;
longs

~ni 1la thése ni de
.extraits:.de celle-ci ne
- doivent < &tre- imprimés ou ’

autrement reproduits sans son.
",Autorisationuécr%te,

© ISBN. 0-315-45528-4"



i THE UNIVERSITY OF ALBERTA | _ e

I : ,RE_LEASE Foﬁn_" , '
i / v A : i ‘. T A . ‘-'_.'_‘ “‘1' Ce °
 NAME OF'AU%HOR : Svand1s S1gurdardott1r
8

' PITLE: OF THESIS . . - __ISOKINETIC EVALUATION OF KNEE waon‘
. AND KNEE EXTENSOR | MUSCLE "ENDURANCE

IR L IN RUNNERS AND UNTRAINED MALES

%

DEGREE FOR WHICH THESIS WAS PRESENTED Master of Sc1ence'\

YEAR THIS DEGREE GRANTED Fall 1988 . ' o
';5’3f‘ _ Perm1351on is hereby granted to THE UNIVERSITY OF
fd ALBERTA LIBRARY to reproduce s'ingle‘~ cop1es of, thls
{ﬂ the51s and to lend or. sell such coples for pr;vate,'
scholarly or sc1ent1f1c research purposes oniy."1_i,

R A
The author reserves othef publlcatlon rlghts, and.

nelther the thes1s nor exten51ve extracts from 1t may
be pr;nted or otherw1se reproducéd w1thout Ehe author s

wrltten perm1551on. - L

S ~(SIGNED) Sw« Sfb ﬁ“%
o s»' R PERMANENT ADDRESS ST

‘ , OL{ ?e—\gkiﬁ\)&k_

4 ) . . R .o ) otOt......!.lo...o..o..ool..

.» ICQ\&*\,l

. DATED ....?*:)..'.........1988



'fMe%ter'deScienceal“

. : Vo
| kY hd
h??: - x
_ THE UNIVERSITY OF ALBERTA -
FACULTY OF GRADUATE STUﬁIES AND RESEARCH N
i
H"??;ifﬁt?”ah%he'uhdersighed'certify.that they.have'read’ and

:’Trecommend to the Faculty of Graduate Studles and Research

for acceptance, a. the51s entltled ISOKINETIC EVALUATION OF.

_KNEE FLEXOR AND* KNEE EXTENSOR MUSCLE ENDURANCE IN RUNNERS

_thND UNTRAINED MALES submltted by Svandls Slgurdardott1r in

partial fulfllment of the reqU1rements for the degree of

| ':;':;: ’c» 7 ﬁff?%;?t-;4Ah}
e o
Sl
| c..;;; .¢¥£4H%%é4<%5d;4.
e, Mt o085 ..
W : : :



».

EThis'thesis;is“dédiééted-to_mY?mgther, 
3Gudrun‘Audunsaottir;_'

‘and my late father,

Sigurdur Betuelsson.

lw Ritgerdin'ew tileijkhdfforeldfuh mindm;"'
. tGudruﬁﬁ-Audhnéasttﬁfg' P
i:Sigu;divBéfuéiééyﬁif

¢

S R R ¥

v



‘\T

P

cent -decllne 'in -peak torque) W

ABSTRACT - B

. The purpose of this study was'to_analysefghe isokinetic:

- ' | _ o oo
~muscle endurance of the knee flexors and knee extensors in .

‘three ~groups of male sUbjects; spr;ntersj}middle-distance
runners and untralned ‘meh. ‘ |
.t

.,The CYBEX IIf‘.lsoklnetlc dynamometer ‘was. used to

measure the muscle endurance. The endurance test’"consisted

'of a 45 second tr1al of h1gh speed reclprocal exten51on and

flex1on of the knee at' the velocxty settlngs of 180 degrees

.. per, Second and 240 degrees per sec::d%jA fatlgue index (per.

calculated ,for * the

.

endurance test. g a SRR | ; o T

The data showed that there was no dlfference' in thigh

~muscle endurance between left and rlght lower llmbs of the

subjects. Only mlddle -distance runners showed a 51gn1f1cant

and knee extensors. The test showed no dlfference 1n

dlfference 1n' endurance' patterns between the knee £l s
@le

“'endura\ce ofb the th1gh muscles between sprinters,

‘,mlddle distance runners and untralned subjects. There was a1

significant dlfference 1n th1gh muscle endurance between the
two veloclty sett1ngs among middle- dlstance *runners and
untrainedhh;suhjects,'5‘There . was ino difference in the
hamstringsf to quadriceos_ (H/Q)j_enduranceh ratio between
sprrnters | and middle-distance ,runners"at- thef'faster

s

'?-'V'
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‘;veloczty, nor was there a 51gn1f1cant diijerence 1n thls“

N
ratio between the three groups of subjects. Thlgh muscle

vfatlgue was hlghly correlated w1th 1n1t1al strength level

but not- strongly. correlated with body welght.

i A
- '.‘“E;/.' :
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PO " T 1. INTRODUCTION
A. STATEMENT OF THE ﬁPRQBLEM
Cl1n1c1ans deal1ng with fhe care and treatment of
athletes often' encounter'”problems concerned with muscle
":"sttength and enduranEe, both in rehabilitation and injury
v - . ‘l» ,’ ’l ’ .
,eprevent1on programs (1 2). “In fact, rehabilitation .of muscle

functlon is considered a major problem in “sports medicine

(2).

Musclelendurancevis of‘great lmportance inJmanyisports.
.For - example, ‘knee stablllty depends, to a large degree, on
the strength and endurance of the quadrlceps ‘and hamstrlng‘
@.;fmuscles..Trad1t1onallyq however, rehabilitative. tra1n1ng has

vaeent 11m1ted strength development of _ theb muscles
‘supportlng the ‘knee,. w1th llttle, emphasis on-endUrance
.”f (3}4,5).AConsequently, athletes ‘who -haue regalned their
muscle strength 'after 'knee injury may not neﬁessarlly be
able to exerc1se for prolonged perlods and may even reinjure
the’ knee when, the muscles fatlgue_and fall to Erov1de the

adequate support (3,6). In the last ten years the. endurance
component has achieved more emphasis (7,8,9,10,11,12).
With " the development of . objective' measurement
instruments, such as the CYBEX II. isokinetic dynamometer
(Cybek,liDiyision of Lamex, ~nc., 2100 Smithtown Ave.,

- L



Ronkonkoma,l NY .1177951, sports.medicine professrona;s have
.been giving more attention to /the assessment of specifiC'
characteriStics Jof skeletal muscle performance in athietes;t
In’the healthy athlete,.muscular'.performance in,”terms”'of
strength,’ speed, or endurance‘ is inairectly known by thev
'athlete's 1evel of achievement in'his.or her sport. In the"
'casf of the 1njured or decond1t10ned athlete, however, more
specific 1nformat10n about affected muscle‘ groups may be

needed (8). | t

The 1mportance ' of musculoskeletal prof111ng in
‘orthopedlc sportsmed1c1ne has been empha51zed (13 14 15 16).
_When testﬁﬁg athletes, the results"must _be- compared» to
normal values to- be properly 1nterpreted »If ‘healthy
basellne data on an 1nd1v1dual athlete are 'not available,
the next most spe<-f1c set: of ‘data _would be a profile
deriued from athfetes of_the same Sport,ZCBmpetitiveE,1evel,
play1ng . position' and aﬂthropometric | characteristics.
Therefore, normal values for sport spec1f1c parameters, such"
, as muscle strength, endurance'and power, must be»determ1ned
for well—defined,groups’of athietes. When such norms are
available, they ‘can be used for both-ﬁscreening‘ and -
rehab111tat10n purposes and as return to play criteria afterv
1njury. COmputed parameters, such as the rat1o'of strength

endurande or power between agonlst antagonlst muscle groups

) habout : jo1nt, or - between rlght and left extremltles for a

»
hStD



glven muscle group, . have been found to be more sensitive

1nd1cators of mu5culoske1etal abnormalitiesrtthan the .raw
data parameters (13 17) . S __A : : . o
Although many studies ‘are  now -availabie concern1ng
musclenfperformance ;in athletes, this research has largelya
lheen cogfined to studies of muscular strenggh and. strength
ratiosfk(1 18 19 Zd 21). ~The~,fewbfstudies-ekamining,muscle .
'endurance or fat1gue of the thigh musqles have normally only.

. .
-reported _ the o endurance of - the «hnee extensors

i H . .
(9 10, 11 22,23, 24 25). rt was considered to be of particular
1nterest, however, to investigate the endurance of both the
extensors and £lexorsaby analy51ng the fatlgablllty of these ‘

muscle groups separately under isokinetic conditions.

s

@_

‘ The purpose - of 'the, study ‘was to analyse %he muscle

B, OBJECTIVES OF THE STUDY )

+

"endurance'.of' the ‘knee . flexors - and - extensdrs."rMore
o _ . : :
specifiCally;~ éﬁe 1sok1net1c endurance of the. knee flexors
,_and extensors was stud1ed separately, and. left and r;ght
limbs were compared with regards to muscle enduranceﬂ

. a



B

. 7endurance ‘between right and left 1lower

' extensors .

gvfaster veloc1ty.

C. RESEARCH HYPOTHESES
. *

It wasfhypothesized;that"for each of ‘thei two‘vspeeds’

. examined:

there would ‘be. noh‘siqnificantl difference/ in muscle

s. of'Tthe

subjects ~in each group for the knee flexors -and
‘o

; L4
\

‘there would be a s:gnlflcant difference in endUrance,:

vpatterns between the knee flexors ‘and knee extensors in

* L/

'_all three groups of subjects.,

the middle- dlstance runners would show greater endurance'
of ,both knee flexors and knee extensors than the other
two-groups‘studied. | -

S ' o, : N

In. order to compare the two dlfferent speeds (180

_degrees/second 'jand _ 240 degrees/second) vit'”ﬂnas

&hypOtheSized‘thatf

there would be a s1gn1f1cant dlfference ‘}n_ muscle-
endurance of the quadriceps and hamstrlng muscles at the

faster_ veloczty as compared to the slower veloclty in

‘ alldthree.groups of subjectss

there onld be .a significant difference in ~ the

;hamstr1ngs to quadrlceps_'(H/Q) enduranCe -ratio-_ofe.

mlddle d1stance runners ‘as compared to sprznters at the



B. SIGkIEICKNCE'OFATHE stupy S

6. ~theref'would be a 51gn1f1cant ‘difference = in ,the
hamstrlngs to quadrlceps (H/Q) endurance ratio at the
~faster veloc1ty as compared to the slower gveloc1ty ;n

7all three groups.
_ .

Wlth expanded proflle data about the muscle performance

r*'character1st1cs of varlous categorles of athletes, tra1n1ng

- endurance, in order to- shed sbme light on‘the“endurance

Q.,w

‘and rehabllltatlon .programs may be adapted to: meet the_

‘strength, speed and endurance requirements of a glven

- sport. These. 1mproved programs may, in turn, enhance the

quallty of partlclpatlon and prevent _the occurrence of

1n1ury or re1n]ury (8,13,15).

The only parameter analysed 1n'this'-studys]was muscle

W

b patterns of the three“;groupS’ studled ‘The results 'are

oifered'_as /examples of'normal values for these partlcular

groups.

E. OPEBATlONAL DEF INITIONS

N

Isoklnetlc exerc1se. Dynamic muscular act1v1ty perrormed at

.

a constant- angular - veloc1ty -controlled .by“ an external'

’ dynamometer (26 27 28)
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14

Angular velocity:vThe rate of change with respect to time of

angular d1splacement, given in units of radians per second
73 ' oo

or degrees per ‘second. (29).

.

. Torgue. A measure of a force that rotates an. objecg%about an

'

- axis of rotatlon. Torque is equal to the length of the lever

arm, Lmeasured from 'the 'axls of rotation ;o the poxnt of
appllcat1on of the force, mult1p11ed by .the‘ componentv of

force that 15 perpendlcular to the 1ever arm (29).

Peak,torque: The highestttorque value of each contraction.

{

Egr&ih A"force‘ moving afresistance'through afdistance} The
v;amount'of ork done by a force is the product of the amount
Cof force in the d1rect1on_ of the displacement tlmes the -
'»dlstance the ,resistance tis‘ moved 2(29{30); Vork,*can be
.-dete&.mmed by the formila: | - \

R B o wonx =T x 21 x d "

nhere Tx is; the torque in foot pounds, d is the port1on of
the arc travelled and T (pl) is a mathematlcal ’constant,

3.‘/14. & | . -

3 . : . R ¢

’_Power-~The-rate,that,work is: ne w1th respect to time. In
isokinetic terms,,.it is tor ue’ tlmes angular' veiocity;

:4“(29,30). It 1s determlned by the formula-



0 -‘\

. torque x -2 T x/revol oe: min.
POWER = - time imln )

..

Endurancei Average power outputéofba'muscle,group during 45

seconds of actiVity-(8,31;32,33).‘

B

'Fatigue index'- Per cent decllne 1n peak torque, calcu@ated
.on. the ba51s of the mean peak torque of 'the three hlghest
) peaks out of the first flve repetltlons and the last thredv~
'repetitions:ot a 45 ‘second trial of 1sok1net1c‘exerc1se (8).

e o : _ R\ » 3 :
Hamstrings/Quadriceps Endurande Ratio' Per cent decline of

peak torque in hamstrxngs d1v1ded .by per Cent decline-'of

| peak torque in quadr1ceps on a 45 second endurance test.

\

In1t1al strength' The 51ngle highest torque 'value 'obtained3

dur1ng .the“ first £1ve repetxtlons at each of the two speed

settings. . _

. F. DELIMITATIONS

The study was del1m1ted to the follow1ng-

.'jf}” Two speed sett1ngs, 180‘andnz40‘degrees per second, on
the Cybex II+ 1sok1net1c exercise unit manufactured by -

the Lumex:Corporation of New York’(18,20;31,34)r |

v . - LI



,:”Exaﬁiﬁat}on of ten male sprinters (1OQ'm,'200 m or 400

1

';m),ften‘ma;ewmiddle¥dist6nég‘runnefs (800 m up‘ to 5000

“m) and‘ten:normaaﬁrhealtby men who were not engaged in a

'ﬂlfbrmal athletic 'p;ogram. All * subjects were between

3' eighteen‘~add 'thi:ty* twa years of age and withbut“a

G. LIMITATIONS

1.

~ history of knee or thigh pathology (13,35,36,37).

. The ' precision. of  torque records was limited to the

‘recording accuracy ~of the Cybex II+#  isokinetic’

‘apparatus.

The ability of each sUbjeétvtb,exe:t a’ maximum effort

during eacn test session and ;the‘findividual'»subject's

‘_perception - of maximum effort were‘beyond the control of~

' the investigator.

N o7,



1. REVIEW OF THE LITERATURE

The review of 11terature is organlzed into three “main

areas' 'muscle fatlgue,- general pr1nc1ples of isokinetic

exerc1se, and. 1sok1net1c muscle endurance.

A uuscnn FATIGUE o
Muscle geferates force, and faxlure 'to -maintain force
(or work output) dur1ng sustalned or repeated contractlons
is termed 'fatlgue The meqhap;sms underly1hg fatlgue of
hhuman skeletal ;muscled have;ffeen extens;vely‘investigatedi
(38;39,40);t.r' L | i S
| 5 o, ' v :
The f1rst to ob]ectlvely study muscle ﬁatlgue in. humans_--
:was Mosso(41) He made it. 90551b1e'ﬁto ‘study the fatlgue
‘phenomena by constrUCtlng a 51mple apparatus which he called
.an ergograph Mosso s experlments demonstrated that under
phy51olog1cal cond1t1ons ,',that. is, Wlth:the musclestln
h,51tu stlmulated voluntarily throUgh ;the intact 'heruous
hhsxstem, there may: yhev'tuo basic mechanisms of fatigue,
‘namely, 'central~_§hd peripheral '(42)._ ;Cehtral'l .heane
’aprox1mal to .the motor heurohs, malnly in 'the' brain.
_'Perlpheral' means w1th1n the motor unlts, that is the~mot6r
neurons, the] per1phera1 nerves,'the motor end plates, and

. - - =
the muscle fibérs themselves. et



T L"i’gb .

gy

In peripheral muscle fatigue, there are at'leastitwo'f

different .siteS-'wheréwgrepeated contractions_.may cause

impairment{, the 'transmission. mechanism’ (neuromuscular.

,'_

junétion[]muscle mehbrane, and’endoplasmio ret1culum) and.

the_ 'tontréétile{ mechanismf (myofilaments). Their separate.f
levels-of'susceptibllity to fatigue'are.well'knoyn H(@2,43).
Per1phera1 muscle fatigue,: whether .itmbls located in the
transm1551on or in the contractlle mechan1smy seems ,to be
due to lo¢§' .changes in the internal environment of thé’f
muscles. These changes may be_bioéhemical;bconsiStinQ of the
depletlon of ‘such sUbstrates:‘as glycogen,- high energyb
phosphate compounds in the musole flbers, and vacetylcholine o

1n the term1nal motor nerve branches- or, they may be due to

*accumulat1on of metabolltes, such as hydrogen ions as a

result of lactate productlon, or of other substances (e g<~

electrolytes) 11berated from ythe‘ muscles durlng

,‘acfivity(38g42), : '-“‘..,'_ o : SRR

T

Central fatlgue 'was‘ demonstrated -by Mosso in- 'his-~

fatigue tests (41) The theoretlcal mechanism for central;

.. fatigue involves afferent_lmpulses arising from ’receptors

within. the fatiéuedvmuscle} which inhibit the'motor-pathway
at s1tes anywhere from the voluntary motor centers in the
braln'_to the p1na1 motoneurons (42 44) It_ has been

el e :
demonstrated that - better .. motivatlon to ]endure‘ can

‘apprec1ably prolong ‘time. to ekhaustion (42), and in well
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motivated, normal ‘subjeots,"there ,iS»llittle evidence of

' centralvfatigueﬁ(43);

v'Perlpheral and central' fatigue may appear separately'
. or combined, dependlng on the spec1f1c 51tuatxon (42 45/;4)

o Any .one 11nk _in‘ the long cha1n from the voluntary motor

. centers in the bra1n to the contract11e_ fllaments in the

single muscle flbers, may be the weaker and thus the most
g 'directfcausebof muscle fatlguer Thus, 1t appears that there
’;aéf probablyvmany different;types.of fatigue,:ahd-that each‘l
’may‘occur with a patticular tform‘ of. mUscular aotivity

(43,45). °

) In order to- eluc1date‘ the .tatigue phenomenon, Tesch.
(12) - e51gned '”'a' study vby comb1n1ng | establlshed
histochemlcal, biochemical and electrophy51olog1cal methods
when-.eiamining hlgh -;ntens1ty_egerc;se of short duratlon,
‘more speeifically,'iSOkineticnkneehextensions.‘He suggested o
'_lactate g accumulatlon o and assoc1ated @metabol1c' changes.
1nterfer1ng w1th the contractlle mechan1sm to be respons1ble
for muscle fatlgue in thls 51tuatlon. A more recent study by

’ Horlta and Ish1ko (46) found that electromyographlc changesf

and changes'tin the .contractlle property _of. the vastus‘h .

- lateralls muscle 'during; isokinetic “knee exten51ons also
','correlated w1th ‘lactate ‘accumulation in the same muscle.
‘*_They concluded thatk{the deqreaseyminV’efficienCy of the

"felectr1cal act1v1ty in the nuscle; suggested peripheral
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fatigue.

@

© T .
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~

‘B GENERAL PRINCIPLES OF ISOKINETIC EXERCISE -
The speed of‘musclershortenlng is known to be inversely
related to the ‘load agalnst whlch it ‘shortens. sThisv'basic'}

v .
f1nd1ng in muscle mechanlcs was first made by Fenn and Marsh -

(47) 1n 1935 and formulated :n mathemat1cal terms by Hill
(48). 1n 1938 ThlS force veloc1ty relat1onsh1p applies bothgl
to'smooth and striated muscle..In,stud1es that ‘establlshed
this relationship,v elther ’reslstance‘orvvelocity'was Kept
constant'(49,50}51,52). In 5967: a new method based on the
force?velocity principle" was de51gned by Perr1ne “and
associatesd(26,27,285', in- whlch d1fferent constant veloc1tij
levels (1 e. isokinetic) could be ach1e¥ed The force output
‘Aof dlfferent muscle groups durlng maximal contractlons could
then be stud1ed at dlfferent muscle shortenlng veloc1t1es;

Thus, 1sok1net1c contract1on, or _exerc1se, is deflned as
-

‘dynamlc muscular' act1v1ty performed at a constant angular

’veloc1ty (28)

.

‘.The' Cybex 11+ 1sok1netlc apparatus consists of a lever:
,varm whlch can be attached to a part of the body and carr1ed M
'through a range rofl motlon (Flgure .1). This 1sok1net1c
.hdynamometer is des1gned to create reszstance in the 1nternal.
v mechan1sm when ‘the exerc1slng llmb attempts to exceed the

- .
'pre selected speed s%ttlng (28,30, 53). ylth the. 1sok;net1c

o
Pt
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'.system;”'a. muscle foro muscle group ;cans work maximally
«throughout the full arc of mot1on, as speed control rather

than a fxxed external welght, 1s applled (28)

The Nnuscuiar force exerted by a subjectdagainst the

: ieVer-arm of‘the device is transmitted by a recording.device
as a torque curve (Figuré 2). Work is'force”times'distanoe‘r

or the. area under thevtorouefcurve (53): Thus, the work of -

one repet1t1on» or the"uork ofizmany ”repetitions'can be

measured from the torque trac1ngs. The rate of doing work is

vpower._,It is traditionally the,measure of work per-unltlof
‘time. Average powerf‘outputk‘duringr'a , stated "durationd
,constitutesd - an éoperational,'deﬁinition of ”endurance. in

Lo S &,
isokinetic terms (31,32,33).

e -

4_‘C-.‘ xsoxmn:'rxc MUSCLE ENDURANCE f

kS

Measures of fatlgablllty 'or indicators _of endurance*
us1ng the Cybex 1nstrumentat1on have been deflned 1n severai

”xwways(e) All def1n1tlons, however, are based on the decllne"

in torque 'occurrlng over some prolonged series of repeated,_-

contractlons, commonly performed at a relatlvely high speed'
(180 degrees ‘fer _second)(B 9, 12, 22 34) Only a 11m1ted
number of studles have 1nvest1gated fatlgue effects produced
by 'repeated 1sok1net1cv contract1ons..‘Thef“feWu stud1es
"exam1n1ngwgusc1e engurance or~ fat1gue of ther thigh muscles

’have norm;Thgg reported the endurance of the knee extensors
\ . . .

Can S o e

T o Y A
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" Figure 1. Cybex II* Isokinetic Dynamometer.
| 5y B .
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alone (e g 9; 10,11 22 23,24, 25) or a common ratigue index
.for' knee extensors and flexors (54) Some of these studles
have con51dered the relationship between muscle fibre,ptype_,
and 1ocal, muscle fatigue. For example, Tesch et al (23,?4)
and Thorstensson and Karlsson (22) found that an 1ncreasing
proportion 7of slow twitch (ST) fibres 1n the quadriceps
muscles corresponded to better sustained muscle force during
.; repeatedv 1sok1net1c knee extensions. Clarkson et al (10),
‘on the- other hand dld not find a 51gn1f1cant relationsgipf\\
between muscle ‘fibre type:,and knee extensor 1sok1net1c
endurance. In‘their”study,fthe endurance had _aplsignificant.“’
'neoatrve,fcorrelation” with rnitial"strenoth; the‘strongerv
subjects fatlgued faster. Similarly, Ivy et al'(11) showed'
.Athat the respiratory capac1ty of the knee extensors appears
to be more 1nfluent1al than fibre type -in. determining the
‘rate'rof‘ fatigue development during a .45 second test Of B
repeated maximum isokinetic leg extension—flexion f-.
contractions.'e | d, e -'»l- BEER |
_If‘aireCiprpcal alternating contraction .test ‘mode_;is
‘used whereby antagonistic pairs 'ofbhmuscles are studied;
51multaneously, the fatigue rates of the two muscles may be
& - gJifferent ,because of‘_dlfferencesf.in"metabolic demands,
histologic make-up, or training eifects'»(S 22,49, 55). A
method of testing fatigability,-which avoids’ undue stress on’

the more ea51ly,fatigued~muscle, is to measure the per- cent
. : i } > Y | ) . .

4 -
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" Figure 2. Cybex Ii* Dual-Chénnei R'é_corderf
&
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,decline in- tdrque within a‘tlme limit (fatigue 1ndex)(8) In‘
.a prelimlnary pilot study on thlrteen normal male subjects ’

nine non—compet1t1ve long-dlstance runners, and seventeen »
o pr ssional hockey players, Watkins and Harris calculatéd al
"fatlgue 1ndex for both- 15 and 30 seconds (8). In this study,'
the dlfferences in endurance between th hamstrings _and
.quadriceps 'muscles were clearer at the end of the 30- second

.runr.In:general, the hamstring muscles seemed to show more
endurance than the quadriceps'muscles'in ‘all three_groups;

;“The'grOUp of runners showed ial rel ively vlou- per cent
decline hinm torque values of the hamstring muscles, and the
'authors suggested this finding may indicate specificity of
tra1n1ng In. another study, - Harris (56 showed:%hat anb
intense long dlstance running program alters .isokinetic
hamstring performance in females. Hamstrings peak torque (at
angular veloc1ty of 180 degrees per second) he hamstrings
to, quadriceps ratio, and the total amount of work generated
over 15 seconds for the hamstring muscles 1ncreased after
trainlng No FSignificant‘ differencesv mere noted in the

_runners' quadriceps performance.

In a.studg of professional ballerinas, muscle’endurance
‘was estimated by calculatlng the time between onSet of
'testing and the p01nt at which peak torque was reduced to 50
'per cent of the 1n1t1a1,va1ue with an angular velocity of

T~ o . : . : .
180 degrees per second.(57). The hamstring muscles showed

-t
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significantly more - endurance than the quadriceps muscles,

and’ ‘this dlfference was ‘consistent in each dancer. The .

authors expla1ned thls d1f£erence as reflectlng the demands

placed upon the hamstrlng muscles to decelerate the rap;d

'movements of the lower extremity in dance.

A more recent study on ‘non-athletic males and females
also showed the relatlve endurance of the hamstrlng muscle

group to.be greater than the endurance of. the quadr1ceps

muscle groupp'(SB) The authors suggest this dlfference may
"be due, in part, to the 1ntgractlon between gravity and the

test position. ln the s1tt1ng pos1t10n, the fuadriceps-

muscle: group performs work against gravity *and therefore,

'fappearsxto be,more,fatlgable‘than the'hamstring muscle group

which isvassistedvby gravity.

. None of the authors of these studies (8,57,58) reported
that a gravitational correction had been included in the:"

calculations.

-As muscle. .endurance of the Knee' flexors andl,knee‘

" extensors remains largely uninvestigated, it was hoped ‘that -

‘the findings of this study would shed some Llight. on the

an
L

endurance patterns of these musc.es.

G
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111. METHODS AND PROCEDURES

A, SU‘BJECTS _
Teﬁ'male snrinters; ten male mlddle dlstance runners
'andv-a ,éroup of ten normal, untralhed male subjects were‘
studied. It was expectedithat ”the tvo groups of runners .
_rwouid show differences in ‘thigh muscie endurance'due to
| thelr dlfferences in hlStOlOglC make- up of their muscles and
tra1n1ng effects (59 60). Subjects vwere recru1ted .on a
» volunteer ba51s from various track ¢iubs in Edmonton and
‘from studentS- at  the Un1vers1ty of Alberta."The subjects
_were between 18 and 32 yeans of age w1th no hlstory of any
major knee or thigh pathology. nd1v1duals who had sustalned
‘an 1n3ury to the thljh or ‘knee that kept them " from sports
part1c1pat1on fbr more than one week, ‘were excluded from the
study (13). The subjects were asked to give - ‘their:. 1nfprmedx
consent (Appendlx A)_prlor to part1c1pat1ng in the study.

4

B. APPARATUS - S - L

The Cybex - II+ apparatus used ‘in the study is shewn in -
Figure 3. | | |
The apparatusfco%%;:ts of three components:
1. A dynamometer (Fiéu;' 1}’which measures torque inputs up

to 360 foet-pounds. When force is applied by ‘a Subject

19
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Figure 3. Cybex i1+ Dynamometer, Speed Selector, and Dual-Channel Recorder

s

20



per ‘second. - o _ S v

:_knee, a damping factor of 2 is used (34).

. ’ .' ' C ' : 21

to the lever arm, a Series of reducing gears absorbs the

force snd thus gives a resistance which'accommodates the
subject's input force §53).-The nus¢ular~force.exerted,
against the 1ever arm is transmitted by a recorder ashia~
torgue curve (in. foot pound unlts)

_ speed selector with remoté dlgltal control (Figure 4)

which pre- sets the speed of rotatlon of the dynamometer

‘from 'O v -300 degrees per second. The set speed is

, nonrecceleratéble, no matter how much force is applied

to _the lever arm of the dynamometer., As more forde_is

applied, more resistangce is encountered by the subject's

limb.

A dual—channel“resordere(Figure 2) with two heated styli

whlch records and dlsplays a permanent record of'ﬂthe

applled torque and 1ts position angle. The speed of the‘w

graph paper can -be set at 5 millimeters per second or 25

millimeters per second. In thlS study, the graph paper

speed was. set at 5 mm per cond, except - for ‘the
| %5 Pt .

'weighing,!of . the 1limb, where ‘the paper speed was 25«mm.'»

-

A damplng knob on the torque channel controls the

speed of response of the torque stylus. When testlng the



- Figure 4.

‘Cybex I+ Speed Seléctbr with Remote

ry

. Digital Control

22
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The'Cyhex‘II+ isokinetic; dynamometer was . cal1b?§ted
' ' Ce e e 21‘.'.

daily throughout the * study according ‘to the Praced&nes

'suggested by the Cybex manufacturer (34, 61 62) (sée Appendlx

= B) The rel1ab111ty and val1d1ty of dhe dynamometer has,been‘v

4

e W,
reportg% to be high (30 49, 63). The torque calculatlons ,are
: '3

reported with and without a gravitational correct1on faé@qr},f;

' : : S R
&l9,34,64,65,66,67,68). ' , o ﬁg»f

C. INITIAL FAMILIARIZATION | o r
L All subjects that volunteered for the study came to the
Cybex- laboratory in the Faculty of»Rehab1l;tatlon Medlclne

for a practlce session. At the beglnn1ng ‘of “this session,

the subjects were->asked to, read the information in the

Informed Consent Form (Appendix A). They were then placed in-

¢

the ‘1sok1net1c apparatus ,as shown in Flgure 1 ~.and the
1nvestlgator expla1ned the general pr1nc1ples of isokinetic_v
exercise to7’the subjects. The experlmental procedure was'

then fully explalned to the subjects and they were given the'

opportunlty to practlse usxng the dynamometer wlth‘both legs
at the two dlfferent speeds selected for the study. Finally,

the subjects were asked to 51gn the Informed Consent Form.

-
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'D. TESTING.PROCEDURE - o R -

« There were/NS$§F“separate ftesting sessions for@ each

subject, " one for each speed settlng selected for the study'

(180 and 240:deg:ees per-second). Testing took place during

} o A E
~.the -outdoor _track season iJune and July). Subjects were

.~asked to refrain from any strenuous phys1cal act1v1ty for at

least forty elqhtvhours prior. to each testlng sess1on”(69)t»

The second testing se551on took place at the same time of.
i

the day ! s the f1rst session, as certain phy51olog1cal d

jprocesses ($hch as body temperature, blood pressure and

: oxygen' consumpt@éﬁ) have dcircadian rhythms (70,71,72).

v

the beglnnlng ~of the first session, some = basic

anthropometrlc »measurementst'were made" (see Append1x C). At

the beglnnlng of ‘th® second se551on, the' torque result1ng

R from the 'weight of the leg‘ and the input accessories

‘°w.

(1nc1ud1ng lever arm) was determined by the method of Nelson

~and ' Duncan (64) for the - purpose 1of calculating lthe'd

gravitational correction factor. Subjects ' wore similar
clothing and identical footwear during the two  test
sessions.

~

The' subjects were seated on a padded hlnged table w1th

‘a firm padded board under therthlgh to be tested (Flgure 1)

Stabxllzlng straps.were.secured anound that thlgh and-across

_the pelvis and chest, and subjects were instructed to 7%oldj

on to ‘the sides of thg»tableIOrithe handgtips with both

’



25

- ‘hands (8 34, 73)': fhe 'input'-shaft 'Of'the‘dynamometer-was
alrgned w1th the knee Jolnt axls and . the shin pad on the
dlstal end of the lever arm was secured wlth a velcro strap
to the subject's lower leg, S0 tha?hwhe bottom edge of the

pad was level with the superlor ‘border, of the medial

e

malleolus (34),'The'5tarting poSition»'was with the knee

" 'vpositioned' at 90 degrees and the hip at 110~d@hrees,

measured by a standard gonlometer (34,74,75, 76 77). Extra
“back support was used when necessary to reach thlS test
\positio; (34). No flexion stop was used to l1m1t range of
motion, thus flex1on was only limited by the perform1ng§&eg

of the subject meeting the seatln‘apparatus.

As a warm-up procedure, the subjects performed five to
féh\consecut1ve submax1ma1 repetltlons of . rec1procal knee
‘exten51on and flexion at the preset speed for that session,

»followed by 3-5° 1dent1cal makinal repetitions ‘(34 78). A

three mlnute rest perlod was given before the ag}ual testlng-

- sxarted The endurance test con51sted of a 45 ‘'second . tr1al
'of hlgh speed rec1procal exten51on and flexion of the knee

:w1th the speed selector set at - 180 degrees per vsecond 4for

‘one g§e551on and at 240 degrees for the' ther session

(randomly assigned) . Both lower llmbs were tested each time,

and"%he ”subjects randomly chose by draw which limb was

v

tested first in each Sess1on. (For t1me seQuence flow chagi

see FlgurevS) The subjects\were 1nstructed to push and pull

-

4%
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MEASUREMENTS

PREPARATION

WARM-UP AND
FAMILIARIZATION
3 - MINUTE REST

45 - SECOND ENDURANCE TEST

S - MINUTE REST ) ;

REPEAZ WARM-UP AND
TESTING SEQUENCE
FOR THE OTHER LIMB

2

height, weight, thigh circumference

- .
randomly choose” tast Spead and
limb to be tested first

positioning, stc’abi.‘li‘z'a:{on .

5-10 consecutive, submaximal
repetitions of reciprocal knee
extension and flexion at the
pre-set speed

followed by 3-5 identical maximal -
repetitions ) :

sit'cinq relaxed in-the chair

45 sebond trial of reciprocal
extension and. flexion of the knee
at the pre-sec test speed

change chairs, positioning,

stabilization
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2 |
aga1n t the lever arm through the full aVailablev'range of

5

as «fast' and as hard as p0551b1e until notified to

stop. They were verbally encouraged by tle investigatorv and
periodically. given' the»_time remaining of 'thel'teét-Kati
' L LB . .' Vi ' '
twenty, ten and five seconds remaining).

A fatigue 'index'(per'cent debline"in pedk torgue) was
\

.. %g%lculated on the. ba51s of the mean peak torque of the three
highest peaks out of the f1rsé f1ve repetltlons and the last
‘¢hree'repet1tlons of the 45 second tr1a1 (8). The '51ngleﬂ,

| highest torque valueljobtained ‘during the first five -

;;repetitione y5s defined as'ihitia} strength at each of the

ﬁ%wp speee éettingg examined in the §tqu.

RN

\‘“‘x

E. EXPERIMENTAL DESIGN-AND STATISTICAL ANALYSIS

The  design of this study was four factorial (79,80) in
-which: R o T B

L]

n

' Factor" A ”was the' three hgroups- of subjects, négily,
sprlnters, middle- dlstance runnerggand untrained males,
Factor B ,was the two muscle groups%%pamely, the hamstrings
and quadriceps, N |

Factor C wa€ the velpcity at which'the,limbs were tested,

Qnamely; i80vdegrees per second‘and 240 degrees. per second,

" and’ | S B

'factor_D was the iimbs‘tested,_nahely, thg ri_htﬂ and left'h
limbs, | ‘ | |

.ﬂﬁ%g : |

, g’“k
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" The ‘data  for the per cent decline in peak torque werei' .

analysed u51ng a four- way analys1s of variance with repeated
Mmeasures on Factors B C and D above (79,80). For the
7endurance ratlos of the muscle groups, a three-way -analysis
‘of variance. w1th repeated measures on velocxty and limbs was
used A Tukey test was used (a pr1or1) to compare selected
pairs ef means. Selected _correlat1onal calculatlons were
‘perforﬁedv'as Qell (79). Values were-‘consrdered ‘to  be

significant at the .05 level of confidence.



IV. RESULTS
. . ‘< . /‘-—— ”
D’ - » ’ C " ‘ . ’
The purpose of the study was to analyse &he isokinetic
. , o S “ S ‘
muscle endurance off knee Tflexors and. knee ‘extensors in
runners and untralned men. Ten.;male sprinters, ten male .
/r)m1ddle dlstance runners and -a group of ‘ten normal untrained“
male subjects, .at the age of 18 - 32 yeafs, were studledP/ﬂ

The Cybex II+ 1sok1net1c apparatus was used ,'th? study,

. 9
and two dlfferent veloc1ty settlngs were compared (180 and

v

’240 degrees per second). The ‘endurance test con51sted of"a

45 second trial of reciprocal knee flexion and extension for

each' limb. . : . o= ‘ ‘
IR o . o y *
| {

Anthropometrlc ‘daka of  the subjects are shown in

Appendlx C. The mean, standard‘dev1atlon, and range = of the
subjects" age; height, _welght, thigh glrth‘ and initial

strength are shown in Table I. The raw data, 'correCted for

gravity and uncorrected,‘are shown in Appendix D.

" " The results of the study are presented in terms of the
. six fhypothesei’:previously stated, followed by a section on

various d@crelations betweenvvariables,fThe summary of the

B 7

"ana1y31s of variance for/the per cenq decllne 1n peak torque" {
is prov1ded in- Append1x E. - The results indicated nosé s
s1gn1f1cant four way 1nteract10n, wh1ch sugsested that therééf‘if

were no sxgnlflcant d1fferences betyeen the ‘three groups _df

_sub;ectst for - the per cent decllne in peak torque o£§§he
29 g
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right and left limbs. = = o

BN

Tt kas expected that there’ would be no significant.
: difference in muscle endurance between left and right lower

"11mbs of the subjects in each group for -the knee flexors and'

&

extensors.; The.-results of dthe'_Tukeyv test 'showed this

'hypothesis to be -true (p>.05) (Table IT).

As no 51gn1f1cant d1ffere4;e was observed between the

left and\rlght 51des, the data i%r both llmbs _were comblned'
>
in the analy51s of the remalntng hypotheses.
<)-L_./ .

-

It "was hypothesised that there wonld be a“significant
difference in'endurance patternsibetween the knee flexors
-and knee extensors in all. ‘three groups of subjects. As seen'
in Table III and-Fugure 6 thlS hypothe51s was true onlyefor 1
middle- dlstance ronners .atf~the7 veloc;ty,,settlng of 180

degrees per second The knee flex5?§f§§howed significantly

greater endurance than the knee extensors in this case.

It was hypothe51zed that the mlddle dlstance ronners
would show greater endugance of both knee flexors and knee‘
extensors than the other two groups studled None of these
compar1sons were 51gn1f1cantly dlfferent ‘however, as seen

, in Table IV‘(Figure 7).
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, ~Table II
Compariéoh Between the Per Cent Decline of Peak Torqﬁe'of the Left
and Right Lower Limbs on a 45 Second Endurance Test
(Values are means with S.D.'s in parenthesis)
. B s
Group Speed MuscLe’ , Limb ’
s ‘ Right Left
Hamstrings  40.6% (7.6) 41.3% (9.5)
180 deg/sec : ' o
: ; : * Quadriceps 44.9% (10.415542.9% (8.9)
Sprinters , . ST
‘ v Hamstrings 44.6% (8.6) 41l.2% (9.8)
240 deg/sec o - . S
; Quadriceps 49.0% (11.6) r44.7%%(11.6y
- " ‘Hamstrings  33.4% (7.1) 38.8% (8.5)
180 deg/sec - o _ E ‘
o " Quadriceps 43.6% (7.8) 41.5% - (6.5)
Middle-~Distance ' ‘ o I .
Runners Hamstrings 41.9%  (9.5) 41.3% (9.0)
240 deg/sec. S » N
. quadriceps 43.8% (6.8) 42.1% (7.3)
. Hamstrings ;. :43.3% (9.8) 37.8% (9.6)
180 deg/sec B e ’ .
‘ . Quadriceps .. 42.1% (7.1) 42.5% (6.3)
Untrained 5 o o '
: : Hamstrings  -46.3% (10.0) 4%.2% (9.7)
240 deg/sec ‘ . , .
. Quadriceps - ''45.9% . (7.0) 45.2% (5.2)"
{p = 0.05)
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i Table III

o L
Ky .

Comparison Bet#een the Per Céﬁ; Decline of Peak Torque in the @%@
Hamstring and Quadriceps Muscle Groups on a 45 Second
' - 'Endurance Test :

B,

(Valqes are means with .S.D.'s in parenqﬁﬁéisfn Qif'

¢ . Bl
Group : Speed , : Muscle ,
: ' ' ' Hamstrings  Quadriceps
B b 180 deg/sec ;. -41% . (8.4) 44%  (9.5)
Sprinters ’ .

240 deg sec - ... 43%  (9.2)  47% (L1.5)

. e 180 deg/sec . 36%  (8.1) 43% (7.0)%
#Middle-Ristance ‘ ' . P -
//' Runnirs E 240 deg sec 428 (9.0) "43%  (6.9)
;> B ‘ ‘ L 180 deg/sec 41% (9.9) 42% (6.5)
Untrained PN ‘ PR ' '
L © 240 deg sec - 46% - (9.6)  46%° (6.0)
. » statistically,sighificant (p = 0.05)
::@p
. L]
<. { ’
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Figure 6. Compariédn B'étween the Per Cerit Decline of Peak Torque in -
the Hamstring and Quadriceps Muscle Groups on a 45 Second Endurance

o Test. - , 4
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" Table IV

.Comparison Between the Per Cent Decline of Peak Torque in
Sprinters, Middle-Distance Runners and Untrained Males
on a 45 Second Endurance Test

(Values are means with S.D.'s in parenthesis)

Ry ' -

Muscle ' : ,Speed o ‘ i Group
: ' Spr MDR Unt
180 deg/sec ) 41% - (8.4) - 36%. (8.1) 41% (9.9)
Hamstrings ' ' .
240 deg sec : 43%  (9.2) 42% (9.0)  46% (9.6)
180 deg/sec 44%  (9.5) 43% (7.0) 42% (6.5)
Quadriceps o : : v o
‘ 240 deg sec . 47% (11.5) 43%  (6.9) 46% (6.0)
(p = 0.05)
%

- Spr = Sprinters
MDR = Middle-Distance Runners @ =
Unt = Untrained Males :
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Figure 7. Comparisan Between the Per Cent Declme of Peak Torque in
Sprinters, Middle-Distance Runners and Untrained Males on a.45
, Seoond Endurance Test.
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Table V

Compariﬁon.Beéween the Per Cent Decline of Peak Toréue at
180 Degrees/Second and 240 Degrees/Second

(Values are means with S.D.'s in parenthesis)

Group' ' Muscle . Speed.
: 180 deg/sec 240 deg/sec

2

Hamstrings . 41% (8.4) 43%  (9.2)
_Sprinters : ' ) ' :
Quadriceps 44%  (9.5)  .47% (11.5) -
_____ el -
: o _ Hamstrings ‘368 (8.1) 42%  (9.0)*
Middle-Distance : _ o
" Runners _ Quadriceps - 43% (7'2;§gﬂ 43%  (6.9)
. R - Y )
' " Hamstrings . 41%'“L9;9) 46% ‘(9;6)*
Untrained ' X ) S ,
5 - Quaariceps - " 42% (6.5) 46% (6.0)*

N

* statistically significant (p = 0.05)
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-Figure 8. Comparison Between the Per Cent Decline of Peak Torque at 180
“Degrees/Second and 240 Degrees/Second on a 45 Second Endurance Test.
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it ~was hypothes1zed that, there would be a significant

d1ffe@;nce 'in muscle endurance of the quadricepSv and

hamstring muscles at the faster veloc1ty as compared to the

slower velocity in all three groups . of subjects. Table V
shqws this hypothesis to be true for the hamstripg‘muscles
of emiddle—distance‘ runners and .for- both. hamstring sﬁa
quadriceps muscies of the;ﬁntrained group (p=0.055 (Figure

| 8). The per cent-decline was greater at the faster velocity.

The summary of the three-wayfanalysis of variance for

‘the endurance ratios isvgiven‘in: Appéndix E. The results
o ‘ . : . - O
. indicated that the three way interaction was . not

significant.

It was. expected that there would be a significant

«d

39

ratio Qf middle- dlstance runners as compared to sprinters at

the faster veloc1ty ThlS dlfference, on analys1s, was found“g,_

hec

to be.non-s1gn1f1cant (p>.05)‘(Table vi).

Finally, it wasf-ekpected-'t@at5vthere” would be a
significant differencerin ‘the hamstrinQS"to quadriceps:(H/Q)

endurance ratio at the faster veloc1ty as compared to the

5

Slgwer' velocity in all threeA groups,,Again, the results .

showed that the dlfference‘ was: non-significant (p>.05)

Tt

(Table vn).&;\, R |

dlfference in the hamstrlngs to quadrlceps (H/Q) endurancev@
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N The correlation between thigh muscle fatigue and body

Weighggis shown in Table VIII. Theéé variables _wefe not
st:ongly  correlatedr and the_ hamstring.xfatigue had  a
.considerably lowef correiatéon wiﬁh,,body ‘weight -~ than. the
quadriceps fatique did.

EY

Taple IX shows the correlation between . thigh muscle
1 ' : *

fatigue and “initiél strength. The qUadriceps fatique was
highly correlated with initial strength, whetéas hamstring
fatigue had a somewhat lower correlation ‘with initial

strength..
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Table VI

Comparlsqn Between the Hamstrings/Quadriceps (H/Q) Lndutance
Ratio¥ in Sprinters and Mlddle-Dlstance Runners

.(Values are means thh S D.'s 1n parenthe51s)

—

S}eed' Group
Spr MDR
180 deg/sec 0.95 (.20) 0.86 (.19)
240 deg/sec . 0.95 (.24) 0.97 (.16)
=
(p = 0.%2)

#H/Q Endurance Ratio = Per cent decline of peak torque in hamstrings

= 3 s . .
.- divided by per cent decline of peak torque gq\_;////
o quadriceps on a 45 second endurance test

Spr —‘$prihter5 : Q§§

\
- MDR = Middle-Distance Runners

?
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Table VII

Comparison Between the Hamstrings/QuadriCeps (B/Q) Endurande
Ratio¥ in Sprinters, Middle-Distance Runners and Untrained
Males at 180 Degrees/Second and 240 Degrees/Second

(Values are means with S.D.'s in parenthesis)

Group . o ' o Speed ‘ _
180 deg/sec = 240 deg/sec

Sprinters . . ‘ 0.95 (.20) 0.95 (.24)

Middle-Distance

Runners . - _ 0.86 (.19) 0.97 . (.16)
Untrained L - 0.98 (.27) 1.03  (.28)
(p = 0.12)
#H)Q Endurance Ratie = Peg cent decllne of peak torque in hamstrxngs

dzvxded by pec cent decline of peak torque in
quedr;peps ;gga 45 second endurance test
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Table VIII

Pearson Correlation Coefficients (r) for Per Cent Decline
in Peak Torque (Fatigue Index) and Body Weight

-~ . ,
, 2
r 4
Quads 180 L o .35 *
Quads 180 R : . ' o .33 *
Quads 240 L .33
Quads 240 R , .19
Hams 180 L - .20
‘Hams 180 R ' . .06
- Hams 240.L - .12
. Hams. 240 R ‘) .09

»

‘

* Sté}istically significant (p = 0.05)

Quads = Quadriceps
Hams = Hamstrings

180 = 180 degrees/second

240 = 240 degrees/second
= left . o
= right.

R



Table. IX

Pearson Correlatlon Coeff1c1ents (r) for Per Cent Declxne

in Peak Torque (Fatigue Index) and Inltxal btrength

_Quads

180 L
Quads 180 R .69 *
' (]

Quads 240 L o .76 *

Quads 240(8, .62 *

Hams 180\L .46 *
" Hams 180 R .52 *

Hams 240 L 40 *

Hams .25

240 R

B0 *

<4

* Statistically significant (p =

0.05)
Quads = Quadriceps
Hams = Hamstrings , A
180 = 180 degrees/second
240 = 240 degrees/second . '
L = left ) . Y
‘R = right o
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£

/5',

The purpdée of Eﬁis}s%uﬂy was to analyse the 1sok1net1c
’musdae endurance of knée flexors and knee extensors in
runners and untralned men. Left and rlght lower limbs were.
compared as well,as performance at two dlfferent ve}oc1ty

settings on the Cybex‘II+'isokinetictapparatus._ : .

&

‘_The d1scu551on is organlzed 1nto sectlons based on the
six hypotheses stated in:’th Introductlon, followed by
sections on varlous correlatlons between variables, ‘and

1

clinical implications.

Hypothesi5'1 -*Comparison of Muscle Endurance - Between Left

1

and Right Lower Limbs

It was hypothe51zed that there would be no signiffcant
bc
d1fference~'1n muscle endurance between left and rlght lower

limbs of the subjects in each group for the knee flekﬁms and

): 5

extensors (for each of the two speeds examlned) f

,J,_ . i

" As expected ftherez‘wasq‘no d1fferencewf;n, endurance
between the left and right loyer limbs (Table I1). Running
.1§ b331cally a symmetr1cal sport, so the' tra1n1ng effects_
‘should be the same for both 51des.g?§ éhe thirty- subjects,

twenty elght had a rlght domlnant,§0wer 11mb as determlned

fby k1ck1ng i ball (20 58,65). fThus, 1mb d0m1nance had no
' effept°on 1sok1net1c muscle endurance of the subjects 1in’

o : d 4 .
pi.m,ﬂs._." ¥~u332’ s 45
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this study. This finding |is cons1stent with results from

studies on fencers (54), high school.footbell players (am)éffg,

and female basketball players (82) # where no significantq;:

differences in gile endurance between _ dominant' and

ﬁ"s ‘were f ound.
¢ ‘ . L

v . K ) . . y

-~
§r

nondominant lowe

" These resnlts suggest = that . when | rehab111tat1ng

a ,r -l

sprinters, middle-distance- runhers jor untralned men, bo%p
lower limbs should be equally endurant by the end of the,
tra1n1ng program., o ;'>l .- _ ' FE

¢ -

’
- O

‘Hypothesis 2 - Difference in Muscle' Endurance Between the:’

-

Hamstrings andkguadrdceps Muscleéa

It Qas hypotheSized thet there would be a 'signif&Cantn:
difference in endurance patterne betweenathevknee'flexqrs;
and‘knee ektensors in all three groups of subgectee(for each/
of the tno speeds examined). ’ R ’;{

. : : . ;

In tne'bresent stuay, a significant difference between
the enaurance of the hamstring muscles and the quacri%eps
muscles was found bnly' in the group of niddle-distance'
runners at the velocity Setcing‘cf 180 degreesvper second'
and not in the group of sprinters or the untrained SUbJects
(Teble I11).° Exéept for the _finding for the :grcucfof

mlddle distance runners, these'results are in contrast .with
Y 2 v
other recent studies on the endurance of the thigh muscles,



yé P d ' . B
7 "all-‘of which have shown the hamstring muscles to have more
endugance tﬁ?ﬁ the'ﬁuadricepsimuscles (8,57,58) .- The authors
vof these. studies.'do not report that ~a gravitational
'correctionfhad~been:ﬁncluded in.=thes calculations. It has
'been ‘pointed w;’out, ~ however, by  many authors
v(1'9,64,65,’.6_6‘,67':68;83)4-that correcting ‘for - gravity is
necessary in‘ tﬁis test position (51tt1ng) especially at
fh{gh 'velociides' with .many repetitions. In the sitting
y p051t10n,' the quadrlceps muscle group performs work agalnst
grav1ty and therefore, appears to be more fatlgable than the
'hamstrlnq muscle group wh1ch is asslsted by gravity. During-
both endurance 'and_ high veloc1ty testing, the relative ,
ii;dcontrlbutlon of gravity. to recorded torque values‘becomes
ﬁ ullncre351ngly large as . actpve torque generation decreases'
(34, 64q66) Therefore, a grav1tatlonal correction factor was
used 1n thls study The torque due’ to grav1ty was added to
‘the‘f torque i produced durlng exten51on movements and
'subtracted from torque produced during .flexion. movements
f64) ‘The apparent neglect of other studles to account. for
‘ the 1nfluence of grav1ty on the recorded torques could ‘be,
iinf part, th% source of the discrepancies found between the

. results of those studies and the present one.

. Training effects are the most likely ‘explanation for
the :difference"in endurance‘ between the hamstring and

quadriceps muscles 1in the middle-distance runners in this
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study. . Watkins. and Harrls .(8) found that in a group of
Along -distance runners, there was a relatlvely low per cent
decllne »in torque values gf d&he hamstring muscles as
compared to profess1onal hockey& players.» Harrisv (56.) has‘
also shown that. an 1ntense~long dlstaape_running program
; increased the endurance ofithe_hamstring muscles in females.
Simila§?§, speCificity. of training has been suggested as a
‘reason'for greatet endurance in the hamstrings than the
quadriceps ~in professional ballerinas (57). Sprinters, on
the other hand, showed no: difference in muscle endurance
between these muscle groups in the present study. No
comparative data on sprinters are.;aVailable butr training
effects " of sprinting ﬁgy possibly result in this'kind of =
endurance pattern. Thus,vthe results of the present study as
‘well as stud1es of other sport groups (8 57) 1nd1cate that

performance demands’ specific to each sport may requlre

different pattegns of muscular endurance. These differences

need further investigation. T
. R Jg:;‘s',' .
st

Initial strgngth ievel of the hamstring muscles and the
q¥adriceps muscles<mayfbe another reason for a difference'in
their endurance among’ middle- dlstance runners. As seen in
Table I, the quadrlczps ‘muscles are stronger ‘than the
hamstring ’muscles, and: thus they perform more work at the
noeginning of the endurance test‘* sznce work . ‘the area

.

under the torque curve*and higher torque values give larger

b
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~area (31,53). However, this is true also for the‘ether'twe
groups stud1ed the sprlnters and the untralned but neither
group showed a significant dlfference in endurance%betﬁeen
the hamstring and quadriceps muscles. In both groﬂps&%'ﬁhe
hamstrlng muscles show slightly more’ en&urance than the
quadrlceps muscles but not Enough to be statlst1cally

-significant. '

Desplte the contradlctary f1nd1ngs resulting from the
‘analysis of hypothesis 2, the data of Table III should beb
useful te thsical therapists in a el;n1cal setting. . They
coUld use the data as ‘examples.-et normal values for
comparlson when evaluating, rehahélitating 'and detining,

‘treatment goals for the 1njured runner, for example.

Hypothe51s 3. - Difference in Muscle Endurance ,Between

Spr1nters, Mlddle Dlstance Runners and Untra1ned Subjects

. . AN
. L . -
It was hypothe51zed that the middle—distance runners

would show greate? ‘endurance of both knee flexors and knee
extensors than the - other two groups studled (for each of the
two speeds -examxned). This hypothe51s was rejected 1n the

present study.
The main reasons the middle-distance runners were
_expected to have_q{:iz:r.endurance of both the hamstring ahd~

. N . . . . : .'. .
quadriceps. muscles an the other two groups, are the

L
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histologic . make-up of their muséles and training effects
(59,60,84,85,86,87). Two késic typeé of fibres in hui n
'skeletal muscle have been identif;ed:.gloﬁ twitch fibres
(ST; Type Ij andvfast twitch fibrss/(;T; Type‘ 11). The ST
:fibres, qﬁéve ~relatively siow contractile properties‘ as
indicated by the time to“pfék ﬁenéioﬁ and = are Qell-endowed
with  enzymes in the~~metabolic pathways for the terminal
oxidation of fuels to carbon dibxide' and water (aefobic;.
théeqﬁeﬁtly, they ‘fatigue slowly (60). Conversely, FT
fibres héve fast-twitch fooperties, and‘ low biochemical

potentials for terminal oxidative metabolism, but have

highly effective systems for adenosine. triphosphate (ATP)

*

production from the Embden-Meyerhof 'pathway”(anaéfdggk).
Such fibres produce tension for short periods of time and

fatigue easily (60).

In general, distance runners tend to have more ST
fibres - than sprinters, although considerable variation
exists in the fibre.'¢omposition of the skeletal mu5¢le

Nf‘ etic groups (59,60)‘ Interindividual differences

béenv ¢1aimedf to be almost entirely determined by heredity

(88,89,90). Endurance«performance responses to training have

' stiged for endufance work, and in their training programs,

'middle-distance runners emphasize aerobic work, this §roup

°

»»
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{gxfference in endurance betwein the three gr:Eps. ﬁmpg.

51

r/;\"l‘
was expected. to show lesg decllne in torque in the 45 second
endurance test than the other two groups studied. However,

;this 45 ,second high 1nten51ty endurance t may have been

»

'"too intense (maxlmal effort) and too shdrtsg:o eﬂc1t "a_

@‘ a5
capac1ty for h1gh 1nten51ty, short term exerchﬁe, where Ehe” -

force generated by repeated muscular contractions approaches

that _of a maximal voiuntary‘ contractlon, is pr1mar11y

B . . : ’ . g .
dependent, upon anaerobilc processes for energy ;sﬁease

(92,93). I 4

Several other 'factors could contribute*fto the
simifarity in thigh muscle endurance of ,ail three ,groups;
Some of the middle-distance runners were young athletes (18
- 19 years) and thus had a shorter tra1n1ng background than
the ’sprlnter%."Nov1ce .mlddle-dlstance runners have-been
shpwn;to have a‘thirty to fifty _percent: lower oxidative.
enzym:)activity than‘experienCed spbrtSmen (87); Some of.the
sprlnters were borderllne mlddle dlstance runners, as 'they
would occasionally compete in 800 m races in addltlon to
their 200,m‘and 400 m events. Furthermore, training programs
of sprinters and middle~distance runners"are somewhat
similar as middle-distance'runners emphasize anaerobic work
as yellf as aerebic work (94). The so-called "Untrained”

sEbjectS'were‘a group of physically active students who had

done recreational. -sports for a 1long time, and therefore




~would have developed some training effects.

°

4
4

“Hypothesis 4 - ]Ejférenée in Muscle Endurance - Between the

*  Two Velocity Settings (180 and 240 Degrees Per Second)

It was hypothesized that there, would be a Significant
. ’ " i v ' - A, .
di¥ference [in muscle endurance of the quadr dceps and

hamétring muscles at the fasteg velocity as compared to the

slower vélocity in all three groups of subjects.
This difference was expected becaﬁse of different fibre
Eypei recruigménf ‘at each velocity. The FT fib:es”ﬁere
expecteduio be more involved at the. faster. velocity- and
ther&fore more fatigue would be eViaent.$§uch‘may be the
casé in- thé group of untrained’ subjects wior both the
quédriceps ana hamstrihg muscles and for the hamstrings.in
middlé-distance runners who Showed significahtly - more
’fqtigué' at the faster velocity (Table V). In the group of‘
sprinters, who generally have a:pfedoﬁinance of FT . fibres
(59,60,84), _there was no differefice in muscle endurance

between the two velocity settings.

{These ‘fiﬁqingslfindicéte that results from isokinetic
endufance tesészgt different velocities are not necessarily
comparable. Tﬁgrefore, clinicians dealing with runné:slas
well aslﬁntréiqedléubjecté should only compare theiriresults

.. with available'ho;ms:at,the same velocity setting.
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Hypothesis 5 - Difference in the Hamiﬁfings/guadricepg
- 3 ’l ) .
Endurance .

1

Ratio- Between_Lép;inters and Middle-Distance

)
P

Runners

It was hypothesized that there would be a significéhfl

difference in ‘the hamstrings to quadriceps {H/Q) endurance-

ratio of middle-distance runners as compared toVSprinters at

the faster velocity.

In this study, this hypothesis was rejected as
was no significant difference (Table VI). Sapega et al.
(13;17) have stated that compdted parameters, -such as the

ratio of strength, endurance or power between
. . N '

‘agonist-antagonist muscle groups about a Jjoint, are. more

sensitive indicators of musculoskelegal abnormalities than

. the" | raw ~data parameters, Several investigators

(18,19,21,67,81) have studied the strength“ratio between the
hams;ring and the quadriceps muscles. On tpe other hand, no
comparative data have been reported on the.endufance ratio
be* .. ' .ese M™uscle groups. Thus,*dnly further . prospective
studies will te. 1l if this parametef is of any actual value
in evaluating athle: es. Through further research, it needs
to be determined :f there is a critical hamstrings to;
quadriceps (H/Q) endurance ratio that might be indicative of
injury or predictive of injdry or pathology.
o o

Hypothesis 6 Difference in the Hamstrings/Quadriceps -
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3

‘Endurance'Ratio\Between the Two Velocity Settings .(180. and

5 240 Degrees Per'Second)

It was hypothesized that there would be a significant
a“
dlfferéﬂce 1§‘ the hamstrlngs to. quadrlceps (H/Q) endurance

'

ratio at the faster velocity as compared to the slower

,\

velocity 14 sﬂl three groups.

& This hypothesis was rejected as thls study showed no

sugh 51gn1f1cant dlfference (TabLé’VII)

'As there are no comparative data available, additional
research 1is needed to repiicate the findings of this study
and to investigate the potential predictive use of endurance

ratios of the hamstring and quadriceps‘muscles.

‘Correlations

The' correlation tables (Vg;i‘and'lx) showed that thigh

muscle fatigue was..strongly ¢orrelated with initial

. strength, whereas the correlatlon w1tb body weight was 1ow.~'l

LT
| 4 ?‘:‘ m
‘The former relatlonshlp is 1n agreement with .previous

observat1ons. Clarkson’ et -al.’ (10) found 'a 51gn1f1cant

c .

i

qorrelat1on between sﬂhSCle fatigue and {nltlal strength

'"level -of the’ quﬁ%r1ceps muscles at the veloc1ty setting -of
180 degrees per second. S1m11arly, Tesch et 3al. (95)

reported muscle fatigue elicited in the quadriceps at
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the velocity setting of 180 degreeseper second cortelated,_
significantly with maximum strength at the velocity 'setting
of 300 degrees per second. No comparative data are available

gg‘the relationship of thigh muscle fatigue and body weight.

‘These findings suggest that physical thﬁgapists should
consider the relationship between thigh muscle endurance and
initial 'strength when wusing normal values in the clinical

: _ CHN
 setting. ' , - "

Clinical Implications

‘The accurate. assessment of muscular  strength,
‘endurance, - power, .and ‘flexibility through quantitative:

‘testing methods has become,‘increasingiy important in the

evaluation and rehabilitalt! of ath}étes with orthopedic

problems. To be properly &1ntefp ;iﬁ; ‘the test results
should be compared to the normai ange of values. for these

parameters. R

eﬁv% ' '
~The only parameten?§xa$tned ;n thlS study was muscular

endurance. There are ,pinlmal data ava1lable on muscle

e

enduradge\\pf the knee mUsczlature in runnefs. The 45 second_

1sok1net1e endurance teSﬁ used 1n the"study should be a

convenlent test in: the clinical _setting.'Therbfdre, the

nxsoklnetlc data result1ng from ‘the study‘;are _6f£ered, as

ve;ampleSr; of normal values for " thigh musclé endyrance in
B R ’ ’ g B i .’,g
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sprinters, middle-distance runners and untrained men.

> !

These dqta could Be of particular value to physic?l
thérapi§ts and . other éportS’medicine professionals wﬁo a;eﬁ
U able to ébtain isokinetic measures on their .runners for
injury' prevention and rehabilitation,purposes and to use as
rgturn to play criteria after injury. “For 'examplé, when
‘rehabilitating a runner following a thigh or'kneévinjury,
these dété may be used to establish treatment goais where
endurance training is included in .tbé rehabilitatibn

program.



.

V1. CONCLUSIONS

Within the limitations of this study, the ‘followingf
‘ . oA ‘
5ggclusions'wéreAdrawn:

x .
1. There was no difference in thigh muscle ‘ehdurance
betWeen left and righé lower Tlimbs‘ of - sprinters,
N -

middle-distance runners and untrained subjects.
«

,

,2.’ There was no difference injendurance patterns between
the knee flexors ahdv‘ knee -extensors except in
middle-distance runners "ap the veloqity setting'bf 180
aegrees per second, where the knee flexors showed
.greater endurance than the knee éxtgnsors.

o # . .

3. There was no ‘diforence in muscle endurance of knee

; flexors yandv knee extenSoré between - sprinters,

middle-distance runners and untrained subjecta.

.

4. There was a vdifferendé in musclg endurance of the.
gdgdriceps and Hamstring"muscles' between  the twq:
'veloqity settings (150 and 240 degrees per second) in.
tﬁe_grouﬁ of unﬁrained sdbjeéts.‘ This difference Yvas
also seen”-/only ~in "the hamstrihg ‘muscies of
‘gmiddle:distaéce runners. The ‘per cent decline was
greater - at . the féster_véiocity. No éﬁch diffeéende was

.
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seen in the group of sprinters?

i

L ,

5. There was. no difference in the h%mstrinés‘to 'éuadriéeps
(ﬁ/é) endurance fatiq vbetween spriﬁ#ers - and
middle—distanc§ runhersl at the fa@#ér velscity (260
degrees per séddnd);‘ . | S '

ﬁ%

6. There was no difference in the hémstringsfto quadriceés

&

(H/Q) ‘endurance ratio between the two velocity settings

in -any of .the three groups studied (sprinters,

Atg. K
B

_middle-distance/runne:s and untrained subjects).

G

7. ,Thigh.muscle'fatigue and body wéight were not strongly
correlated. - | | o
¢ '

8. Thigh muscle fatigue and initial strength were highly

correlated.

Recommendations

It ié recommended that the isokinetic muscle endurance
of . knee flexors and knee extensors be studied more

extensively. For.example: . ' S

&

1. Larger sample&L of Qa;ious sport groups sbould- be

’ o | o |
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. ‘ 59
" imvestigated. .
P

H; #. Nopimal vglues for thede groups should be established fo
% M Xy C P . .

- e
3 .
5 ¢,

‘clinical use.
. 4 g ) -
sl 3, ‘The potential predictive .use- of. the muscle endurance

' parametér.should be investigated through prospective

studies for 'injury prevention purposes.
4. The findings of the present study should be replicatéd
( .

through research Qn-larger samples of subjects. ~T™\

-
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Faculty of Rehabsztarlon Med1c1ne
: partment ‘0of Physical Therapy
A .University of Alberta ’ -
- - Edmonton, Alberta -

Informed Consent Form for Research Study.

. /
A"Isokinetlc Evaluatlon of Knee_ Flexor and Knee Extensor
L Muscle Endurance" : ‘
. ‘v . - - . ‘ 'L . . ¥, ‘.“[ . . 1. R -

Although many studles are nod“avallable concernlng
‘muscle performance in: athletes, this reseatch "has largely
" been -conflned ‘to. studies of muscular strength and strengsh
ratios. ' The few studies examining #muscle endurance or .
" fatigue of the thigh muscles have. normally only reported the
endurance of the knee extensors.

The .- ‘purpose - of ,thls study is to analyse the muscle
endurance of both the knee flexors and extensors. More
specifically, the isokinetic endurance of the knee flexors
.and extensors, will be analysed separately, and left -and

,rlght 1imbs.. w1ll ~be compared with regards to- muscle’
Eendurance.»'*- ; - oo

The study will .involve" one pra ice session (20-30
. min.) and two testing sessions (approxim#tely 30-40  minutes
each) performed on separate -days and . will be arranged at
your convenience. If you agree. to part1c1pate in the study
you ‘will 'be asked not to perform any strenuous phy51cal
"act1v1ty for -at least 48 hours . pr1or ‘to’ .  each testing
séssion. Dur1ng each of the two testing sessions you will be
4 asked to carry out a 45 'second endurapce test for each loweri
limb on® the~Cybex II 1sok1net1c apparatus.

. When ydéu arr1ve in the laboratory, your he1ght ®eight

and- thxgh- C1rcumference will be measured. Then 'you willybe
' asked to sit in the Cybex chair and you will have ‘a strap

placed "around - your ankle to connect you ‘to the testing
p ~.machine. You will be firmly secured in the chair by ‘means of
strﬁps around y0ur thlgh and across bhe pelv1s and chest

As a warm-up and famlllarlzatlon‘ procedure you will «
pérform five' to - ten submaximal repetltlons of reciprocal
* knee. flexlon ahd extension at - the .preset speed for that
session,. followed by. three to five identical maximal -
.- repetitions. A three minute rest. perlod w111 be g1ven before:p
" the actual test'starts. : '

RN



‘maximal ef _
_ to work as fast and as hard as you can. You will be verbally

N
4 . .ﬁ.. K . . ..

| . | 72
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The endurance test itself consists of a 45 second trial
of high speed rec1procal flexion and extension of the ' knee
with the speed seléctor set at 180 degrees per second for

one session and at 240 degrees for the other session, Both'v

lower limbs will be tested each t1me.l

.
You will be asked to ensure that you are making a
ort with each contraction: throughout the test and

encouraged by the investigator and perlodlcally given the

_tlme,;emalnlng of the test.

1

The major risk. assoc1ated with part1c1pat1on is that

‘related  to muscular soreness follow1ng the contraction

efforts. This discomfort is expected to be minor and similar
to that which you may have experienced previously after
exercise to which. you were unaccustomed. A secondary risk

relates to the p0551ble development -0of knee discomfort as a

result of the high intensity contraction efforts. Such
discomfort is uncommon and usually temporary When it occurs.

1f " you develop knee joint pain at any time during the study"

your, part1c1patlon 1n the study will be 1mmed1ate1y stopped

The result§ of;thls study will be offered ‘as examples‘
"of normal values of ' muScle endurance for -spr1nters and

middle-distance runners a's gell as for untrained males. With

expanded profile dataAf ‘about the muscle performance'
characteristics: of various categories of athletes, training

and rehabilitation programs may be adapted to meet the

‘strength, speed- and endurance requ1rements of a glven sport.

~'Any-questlops you may have before, during or after “the

sessions-will.be gladly answered

) . . .
*“You have the~right to W1thdraw frbm participation at
any time: for any reason.‘.} I ‘.

, All 1nformat1on and data collected. durlng "the study.
will be property of the 1nvest1gators «Access to thesa will

be restricted to.those conducting the- study, > éxcept where

"written approval is given by the .subject- to- prov1de spec1f1c4;

1nd1v;duals w1th thelr data., S

Please reta1n thlS explanatlon for your own records.'”
. 9y ] .

Thank_you,'

.

- F

» .

In the -event that quest1ons concerningftheﬂstudy arise,

please feel free to contact Svandis Sigurdardottir, at-

432- 2068 (work) ‘or 439~ 7505 (home) .
N~

T

Ay
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. Department of Phy51cal Therapy : University of Alberta
ar TFaculEy of Rehabllltetlon Med1c1ne - . 1987

INFORMED CONSENT FORM FOR RESEARCH STUDY

,Isekinetic Evaluation of. Knee Flexor and‘ Knee Extensor'
' ; e Muscle Endurance ’

T o

Subject Consent (retained’by inwvestigators)

I , ' .do hereby agree to
e (PLEASE PRINT NAME) '

. part1c1pate as a subject in the research study entitled
/" nrsokinetic Evaluation of Knee - Flexor and  Knee Extensor

. Muscle Endurance” 7 to be conducted by - Svandis
¢ ' Sigurdardottir, B.A., B. P.T. under the supervision  of Dr.
D.J. Magee. ) : . o : - ‘

"The nature of" the.study has been .explalned to me and 'I"
“understand that *I may w1thdraw from part1c1pat10n in thls.
study at any time. :

L

SOBJECT'S SIGNATURE ~DATE
. . ,;‘, . J-‘ ~\ . § - \:“-“: . '-
= ADDRESS —— T PHONE NUMBER
- e o W'QQD Sy »
I’X r L .

: R o,
1 ’Bereby certify that .I have 'given to the above individual .
an ' explanation of the con*emplated study.-and any p0551ble*‘

ms1de effects.. o . '

.o . - - L . S )
A “ . : - Lt B L
. . v RO . . B
. - -

“ . . -

TNVESTIGATOR 'S SIGNATURE" 3 ~_ DATE _

4 g
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Department of Physicql_Therapy ‘ University of Alberta
Faculty ,of Rehabilitation Medicine : 1987

INFORMED CONSENT FORM FOR RESEARCH STUDY

Isokinetic Evaluation of Knee Flexor and Knee Extensor

Muscle Endurance

Subject Consent (retainéd‘by investigators)

B

b

o O ' : ' do hereby agfee to
. (PLEASE PRINT NAME)

~allow the investigators of the above named Studiﬂtq provide

- my data arising from this study to

K NAME | T ASSOCIATION
_ S A | | >
<N .
"SUBJECT'S SIGNATURE - R - DATE
E _ L B LT .
- ADDRERS ) “PHONE NUMBER _
. \1 K ‘
‘I was witndss to the signature of the .subject. \
s e e NS - S o : RN S
. Y S T -
WITNESS' SIGNATURE ~ ~ - -+ DATE ‘
S Tt i % - \ R A :
vy

oL

o
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Torgque Channelealibration : S

-

Turn the RDSC (Remote Digital Speed Control) speed
selector ON. Press 60, then ENTER on the RDSC. Control. Move
the "input adapter back and forth being sure to meet:
resistance in both directions. Press 30, then ENTER on the
RDSC, AR : | |

A. Zero or nullgsout recorder . to ;estiﬁgk signal of
dynamometer, as fad R . :
R SRR -

"Ji“.set’ DAMPING . ‘at ' .zero, CHART SPEED at 4 MM/SEC
" with speed selec at 30 deg/sec.eMake sure ther'e is no

load om the ﬁy ometer. Do this - by remov1ng any
adapters from. the lynamometer. o ﬂﬁ' e

R -~ )
- 2. fSet'FT;LBS.SGALE on 180 and fzeréﬂitecoqder fsty7 r
basel%ne usihg ZERO ADJ. .knob fpr;Tor%?e Channel.

e

L

3. Switch FP.LBSISCALE to 30.

e o : L Y o :

4, If stylus .deflects ~frolt baseline, -qa%MSt ‘ZERO NULL

« potentiometer - on side of recorder wfth. calibration
_screwdrlver to zero gtylus on chart ba5e11ne. . l

PR . ,"

5, Repeat steps 2 through 4 untll stylus deflects less than )
' 1/2 minor division wheg sw1tchxng back and forth be{ween

180 and 30’ft -lbs s 5. . Ce s i
s ‘. 'Iv..‘i.'< ‘.,“w .- . _\j .- » - . v _
6. SetﬂCHART SPEED at STANDBY. . . R ”-o
AN

‘Mﬁ;'calib;ate each TenquefRaqge_Scale, §§'ﬁ9119€5€.

X

l;aTSet Torque Channel to ft lbs scale to be calzbrated (the
o180 - ft= 1bg scale in- thls study) Set DAMPING control at
3. A : : ., o ,

R

2. ‘Press 30, then ENTER on.the RDSC. Make sure thére is no
j load on the dynamometer. Ad]ust stylus to zero. base11ne

1.



‘using Térque Channel ZERO ADJ. knob.

. { :
Insert T-bar calibration arm into long input adapter and

‘set effective input arm length for, ft-1bs scale being

‘ calibrated (arm length B is "used for the 180 ft-1lbs

.._-;?_,

i

scale).
. o S

Add appropriate amount of disc weights for ft-lbs scale
being calibrated (32.5. 1lbs for the’ 180 ft-lbs scale).
Cybex certified calibration weights, used in- this study,

are accurate tp‘0.01%.

Set CHART SPEED at 5 MM/SEC.

Lift weighted T-bar calibration arm to vertical position

~ above dynamometer. Pull or push weighted arm forward

gently to engage isokinetic resistance before letting go’

.50 that arm falls smoothly until it contacts the floor..

: .. . . . : . '
"Check the torque reading on the chart recording. The
"peak value .for the 180 ft-lbsﬁscale_setting should be

five majér divisions above bas&line.’

‘

I1f the chart recording ddes.not;iégree with the above

value, adjust the potentiometer for the .180 ft-1bs 'scale

with . the ~calibration ~screwdriver. Turning  .the
potentiometer clockwise K increases the torque reading,

".counterclockwise decreases it. The weight swipg m§stj.be

repeated each time an adjustment is made.

Once the torque' value is correct, fe-check twice.to, make

sure reading is consistent.

i

Ny .

rRembve=T4bar calibration arm'frdmllong input adapter.f::-

C e
P

"-



'~ following procedure- o C

1.

2.

8.

—_—

» . .. A S e
. =3 N B . RV ety
B ) R . " . s [
K oo . . N -

' - T e R O I S
¥ Pogitioo'kngle'Channel'Calibrationznfub, R

z‘,)'-
To caliibrate CYBEX II+ P051blon Angle Channel " use the'

E) . u
“ oo ..
¢

"9f§,:

' With recopder power ON set DEG. SCALE to 150.

. Vg e ,f‘ . , oL
Set CHART SPEED at 5 MM/SEC, = ' -

set INPUT~bIRECTiQN:fo:CW”(oiookwise).

While depre551ng ZERO TEST button, use 9051t10n Angle
ZERO -ADJ.. knoR ‘to- adjust: stylus to zero baseline.
Release- ZERO: TEST button.: Note that Position Angle ZERO
ADJ. knob 1s for . ¢alibration only. It must be set so
that the, stylus returns to. zero basellne whenever 2ZERO
TEST button is depressed. Position Angle ZERO ADJ. knob
is not to be. used for zer01ng stylus during testlng.

LS
7

’Adjust Position Angle Channel stylus to zero basellne by
turning goniometer dial on dynamometer clockwise. Note
that - stylus may Jjump off scale at on@y pggnt in
goniometerlrange_;-this-is normal. BN @” i

' Recheck steps. 4 and & until the stylus does not. deviate ,
from zero basellne when zero test button 1s pressed orh

I

released N

\

Using the “white liﬁe'iun&'! the gon1ometer d1al as an

"index mark, rotate ‘the -dial clockwises precisely 150

degrees. - If the stylus traces a line exactly on the top
line of the Position Angle chart, no adjustment. 1is
necessary. If the stylus lies above or below the top

»,l1ne, repeat steps 4 through 7 to veryfy the reading. If
,adjustment is necessary, proceed with step- 8.

t
’
”

\LOCate the DEG.CAL. screw on the recorder panel stng a

7/16 inch wrench, slightlyv loosen the locking hnut ‘that -

secures the screw. With a standard screwdriver, turn the
screw to move the stylus line precisely to the top . line

‘on ' the ‘Position Angle chart. Using the. screwdriver to d‘
:~hold ‘the screw in the adjusted posxtxon, snug down the

1

’
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3

. B ‘ ) . \/, ) " , ‘ o . , . ‘ e
locking nut. Recheck ,cali,bration by repeating steps 4-7.
L ) o } K / . . ‘ % . i . :A/-_.‘
x’ N -
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DATA SHEET
L}
NAME
AGE
SPORT. GROUP
s
HEIGHT
WEIGHT
,

DATE

trochanter and knee joint line)

THIGH CIRCUMFERENCE I<i mid-thigh (i.e., midway between gr.

. = . with muscles relaxed

- R em - L
- ~ X
® : , .
 INITIAL STRENGTH LEVEL - 180°/sec REH ft.lbs.
- : e
'?’z-‘ i . - : ) .
‘:%rjﬁfﬁf , o |~ - 240°/sec R H ft.lbs.
,"‘}4’ X ' -i'lv‘: ) ~ h i o L. 2 ) Q - e
i -.‘ - . . X ¥V .. .
- used to kick a ball
» . -- N RN ‘ ’

cm

81

ft.lbs.

ft.lbs.

B
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"gﬁﬁéﬂéhropometrié Measurement Techniques

Measurement of'Héight
157 ; NI

‘;@%@ﬁgme subject, dressed in shorts and tee shirt, stood
comfortably with feet about 5 cm apart on a physician's
scale. The axis of the subject's vision was horizontal, eyes
looking straight ahead. A rule was applied directly to the
top of the skull with minimal pressure. Results were read
and entered to the nearest 0.1 cm. : ‘ '

Measurement of Weight

[N

, Dressed in . shorts and.tee shirt, the subject stood on
the platform of the physicigﬁ's» scale with weight evenly
distributed over both feet:*The weight measurement was read
to the nearest 0.1:.kg. | “jk¢ :

| o
L ] o
Measurement 8f Thigh Girth ’

Ay

The éubject,_dfessed in shorfsgandetee shirt, stoodiﬁbn
the floor while measurement was made between the tip of the

~ greater trochanter..and knee joint line with’an ordipary tape

measure. Midway between these ahatomical landmarkys & “penmark
was made. With the subject.lying supine with a pillow under
his = knees, a thigh circumference measurement was made below
the penmark bilaterally. Results were read and entered to
the nearest 0.1 cm. . ~ ' o
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| at)

10 BEGH BEG2 BEG3 - BEG4
Y 148.1900 129.6100 128.2600 1+4.3800
.2,128.2600 127.4800 105.4500:116.2200
3-.98.1300 120.9800 92.0600 91.5300
W % 92.9400 87.3200 B9.9400 86.8600
"5 ..91.5000  86.9200 76.7100 87:7500
‘6 106.8500 93.2600 89.4200 73.4700
7 t13.7100 106.3700 . 88.%900 . 77.7800

8 139.9500 133.2100 129.6200 125.3200

9 119.2700 120.7700 119.2800 95.4000
10 130.5600 '119.5400 122.4700 110.0600
11* 107.6300. 102.6700. 91.4100 ,;93.3000.'
12 102.0400 116.3400 89.8400 " 94.5600
13 97.85000 95.1600 '86.%5300 -83:0200 .
14 116.8400 10B.1500 102.6000 .96.%600
15  70.7300 77.7400 % 65.3900  68.3900
6 110.0300 108.9200 100.5400 100.9200
17:115.4700 109. 3000 91.1200 10t.9000
.18 110.9000 108.;500"91;6500 84.0700
)19 123.0200.107.5800 113.3200 89.1300
20 410.2000 105.7100 92.4900 96.0100
21 169.4600 154.6000 151. 1800 138.2500
22  89.2800 92.8100 84.9200 74.8500
23%119.6600 115.1100 sqlnsoo 92.4400
.24 118.,4200 107.9600 105:4200 101.6100
25 91.3700 94.2600 81.3700 80.0800
<26 JO2.5700 105.4200 88.5700 94,3600
27 8957500 99.54 80.6100 = 89.5700
28 108.3400 112,31 98.0200  97.3100
© .29 .127.7800 128.7800 101.5100 100. 1900
30 102. 6400 95.3600 85.5300 79.8400.

BEGS

-

88 .0400

;'amw
89.8300

64.7400

62.0600 -
71.0700

67.6300

- 85: 7100

73.2100

‘81,6700

71.7800-
63.1100
66.1400
75.7100

. 82.6500

67.5500

.64.8000

51..8400
78 .0600

' 63.6700
84.

1500
$3.5500
50.2000

78:4300"
67.6300 -

65.8900
60.5300
66.2500
B3.8300

-sd\ssoo]

. 2000
.5200
. 0400
.2800
.98
.27
.9900
. 2500
.8700
.6700
1100,
.2000°
.020
.98

. 8400
. 1000
.4800 |
. 8500
2100
.5100
2300
.5800
.2200
.0100
.0700
.3300
.6200
. 7200
.2100 -
.4700

,”

.

. ’
B .

BEGE . stay

.6500
. 7400

. 7800

. 1600

.6200
.5700

. %600
.. 1800
.2000
.8100

.6300
. 9000

.B700
23900
. 9600
6600
.9500
.3800

<0700
L7100

. 5800
L6300
L7300
16700 -

.3900 .
~-3300.

.5600

.4200 .

.5400
.5800

- BEGS

85

.8600,
. 4200
.8900
Q006
.6400
. 4800 . -
2200
. 8800
. 6900
. 9400
.5800-
. 6000
L6500 "
.8%00
.990Q°
.3300
.6800
.3100
.5500
.6600
.9700
.2600
.2200
. 5100
. 9800
.0100
. 2800
.8800
.2200
. 1400
oo

Mean peak torque (COrrected for grav%ty) at the beglnn-
ing of the endurance test .

Fatigue inaex'(per cent decline in peak torque)may be
calculated for each subject on the basis of these

torque values and the matching .torque values .at the

end of the endurance test presented on the following

Hamstrings
2 .

N

180 deg/sec
180 deg/sec

240 deg/sec
240..d:g/sec
180 deg/sec

180 deg/sec
240 deg/sec
240 ‘deg/sec

page. .
- ID  1-10 = Sprlnters'
ID 11-20 =
ID 21-30 =
R 2 C
BEG1l = Quadriceps
BEG2 = Quadriceps
BEG3 = Quadriceps
- BEG4 = Quadriceps
"BEG5 = Hamstrings
" BEG6 Hamstrings
BEG7 Hamstrings
BEG8 =

3N

Middle-distance Runners
Untrained Males

left

right
Left:
right
left

right

left

right



30 65.%600

&5

. Mean peak

T ENDI

;e

END2

10
. 1 " 67.6400 .61.5500 47.
2 58.9000 50.85%00 47
. 3.69.6300 76.0200 58
o - 61,3300 56,3600 55.
5 63.7000. 61.3600  47.
6 54,8600 53.9900 43.
7 6476200 65.6200 89.
8 '73:0200 73.6500 €0.
9 60.9800 70.6000 48,
1O %4.8700 '62.7300 45
115 68,1600 '68.6700 S9.
12 601800 69.6700'7 85.
13 50.1400 '53.2600 -50.
t4 57.8400 86.3800 48.
15 53.0600 55.6100 - 44,
-v;: , 55.6900. 58,2800 46.
: 64.%200 61.6500 54
13 ~B8.6500 60.8000, 51.
1667 BIOD  65.7 1 "5 .
20 . 57.1000 55.10 51,
21 ©72,7600 71.8900 . 67:
22 %9.0800 52.8300 48.
23 70.7000 65.7000 47,
24 66.7600.  68.4200 57.
5 _-52.3700 49.1700 40.
26 %7.1700 63.6200 44
..-27 62.5600 -64.4600 53.
28 .66.7700 - 67.6100 “53.
29 65.0200, 64.2700 S32.

61.4700

54,

% . _ '
‘torque’ (corrected for

the endurance test

7

END3

9500

.

-

- END4

8100 .59.4000 49.
.9200 39.6800 46.
.8800 *59.3600, 54.
1600 50.5800 44
3700 $0.0900 43

7900 < 4%.0200 '31.
8600 .57.1800. 37

1600 '62.7800: 5S.
2400 '58.5500 .40.
,4600 44,8300 ‘45

4000 65.8300 46

2100 60.9100 _41.
4000 49.4600 40
2900 45.6700 47.
3500 '45.0300 . 39

2000 65%.2100 53

L9600 85.6000 " 37

34007 48.7400 ' 34

5000 48,0900 .46

9100 47.7800 "39.
2900 65,6400 47
2600 44.0400 33!
2500 .53.6900 139°
7000 58,4200 -42

1200 "38.6000 35

.6400 47.2000 34.
6400 . 1800 37.
3700 \53 9800. 38

7100 S4.0900. 99.

49.5700 23.

A Y

ENDS

7100
1400
1900

. 3000
.0700.

2100

. 7500

1600
5100

.3300
5400

5300
3100

3800,
.4700
L4700
.9400
.8500
'2500°

5100
2400

$400

7000
2900

.6600

7900

1100

gravity) at the_ end

.

2200

_ ERD6

49,
. 38
45,
‘42,
4s .
-33.

37
53

44,
ai.
a2,
39.
42

47

‘56,
40.
' 40.
L4700,
.9900 .

43

36.

38

as
30

5500

.3700
'080Q
8200

7800

6900 -
7.9600
‘85,
. 9000
40.

1100

6700
9400
5300
6400
9800

19400
" 39.
.37
ag.
40

9900

.6200 -

3000

3000,
;4300
3000.

3400
2200

.0100
3000
.6500.
39.
36,

8800
8000

.4700 |
8900 '

33

END7

271200
48,.0800
44,4600
41
20,
29..
27
48
32
38.3300

.47.0600
36
43.
29.
29,9900
44,1800
28,6000
24,.9900
43.6500
.4100
.8700
.9700

4800

.9300

2300

52
28
38
as
3287100

35.8300,

30. 4500
32.9100
27..2000
24 ./300Q

©

T

.5500

5300
.6300 -

.8900-

4300

5100 -

.7000
.9300 ¢

86

ENDS

of

.6300 .

.0400
. 1100’
. 0500
. 8900
. 1400
.3800
.2600
.6600
.0000 .
.6100 -
.0700
'..9900
. 2500°
.2300
. 3800
. 8800
.2600
.8300
+8900 "
.0600
.5600
".8900.
.95100
.5100
.8900
.8800 .
-4600 .

= 1800..:/ .
.3300 iAo

_These torque values may be used to calculate the. fatlgue
index for each subJect as’ explalned on the precedlng

page.-

1D

1= 10 = Sprlnters

o

ID 11-20 = Middle-distance, runners
ID 21 30 = Untralned Males

END1

ﬁ'1-~'~‘
- Quadriceps

[

~END2
END3
-EI¢D4;
ENDS5
"END6
‘END7?

ENDB

o fl”LJ I

‘Quadriceps
Quadriceps
‘Quadricepy
Hamstrirgys
“Hamst .ngs
Hamstrings
Hamstrings

180

180
240

240

180

180
240
240

deg/sec

lTeft

deg/sec

deg/sec
deg/sec
deg/sec

deg/sec
deg/sec.
deg/sec.

right
left

LR 2

right
leftw

left
right

right



20

C 22

28
29

- ID

w<m~40im bLN -

‘14

26

—
o

138.
T149.
92

107

- —
N0

13
18
16
17

19
2

23
24
25

27

30.

BEGH
0000
6700
. 0000
186.

83.
98.

6700
6100
3300
.6700
 130. 3300
110.6700"
120.6700 .
97.6700
. 83.0000
{ 90.0000
109. 3300
65,0000
"105 . 0000
101.6700
100°..0000
112.6700
104:6700
152.330D
79 . 0000
112.6700
107..0000
84 .3300
91.0000
86.3300
96,3300
116.6700
90.6700 '35

| BEG2

114.6700
8273300 .
.0000
. 0000
3300
:6700.
L6700 "
.0000
. 0000
.3300
.0000
L0000, ..
. 3300
.3300
L6700
.6700
.3300
. 0000
.00Q0
3300
.49300
. 6700
.6700
+3300
90.0000
101.0000"
117.6700
;3300“

' BEG3
121.3300 117.
116.3300 ,J00.
83.
83.
“69.6700
.6700 6%°.0000
.6700.

| BEG4.
3300.,104..6700
0000" 107 ..3300
6700 . 83.3300

0000 - '79..6700.
6700 180.6700

"6 . 3300
0000 120 0Q00

10000  90. 6700
.0000 101.6700
.3300
.6700"
~6%}00
. 0000
.6700
.0000
. 0000
. 3300 -
.3300. 82.3300
L6700 -88.6700
.330o,12§ 6700
.3300" 67.0000 .
.6700

. 0000 -
. 3300

-0000

. 0000

.0000 .
.0000"

.asoo

-85.3300 "
86 .0000
'78.3300
“'89 . 0000
62,6700
95,3300
-92..0000.
77.©00Q

84.6700.
91.0000
7.1.0000
85.6300

.6700"
8e'. 0000
87.3300
1o.oooo

~ BEGS

. 99.3300 106

81.6700

98. 6700 100.
7%.00600 -

76.0000

. 85.0000°
74.6700
100Q.3300

83.0000
2.3300
84 .0000. .

74. 6700 o’

75. 40000

'86.3300"
"59.67Q0

73.3300 °
82.3300
64,0000
90 .3300 -

.3300

103 3300

66,0000

. 586700

92.6700
74.6700

-814.,.3300

72:0000
82.6700
95.3300

.67 .0000

B4

;0000
84 .
6700
13,
1.
76.
77,0900
as
95 .

79.
79.
79.
85"
62
77..
17,
82-3300
' 87.61700
71.67
g90.
11
59
.87
74

6700
.6790
0000

6700
.6700
.3300
L6700

77.0060:
72.0000°

84 .0000
100.. 0000
'67,6700

6700 *.

6790
6700
6700 °

.6700
6700..8
.3300
3300
3300 : 7
6700

.3300 "

. 0000

" .BEGG"

83

81
78

68

0000 *
. 0000
, 0000
. 0000
.0000
Qo000

70+ 0000

86

ody, 65.

113
.73
%6

‘87

69
78

0000
0000
.0000. -
. 0000
10000
.0000
70.
T8
. 0000
.0000
8170000
6.4

0000
0000

Q000
ab

BEGS
. 6700
) . 0000
.Q000. . _
.6700 e
L8700 oL o

.6700 -
~3300 :
.0000 ..
.0000
.Q000 ?
.6700
.8700

. 3300

., 0000

. Q000
3300
.0000 " .
.0000 -

. 0000+
0000

. 3300

. 0000

. 0000
-.6700

. 3300 -
.6700 -
.3300

. 3300

. 6700

Mean peak torque (uncorrected for: gravrty)at the . - -

tbeglnnlng of the endurance test

Bl

'Fatlgue lndex (per cent decllne ‘in peak torque) may be'

calculated for each subJect on the -basis of these
torque values and the. matchlng torque values at the

end of the. éﬁdurance test preSented on the follow1ng

left

right

left
right
left
right
left
right

page._ .
-1=10 = Sprlnters

‘ID 11-20 ?‘Mlddle distance runners
. ID '21-30 = Untralned Males
BEGl = Quadriceps 180 deg/sec
BEG2 = Quadriceps 180 deg/sec
'BEG3 = Quadriceps 240 deg/sec
"BEG4' = Quadriceps 240 deg/sec
BEG5 = Hamstrings 180 deg/sec
BEG6 = Hamstrings 180 deg/sec
.BEG7 = Hamstrings 240 deg/sec
BEG8 = Hamstrings 240 deg/sec

¥
FARE



END3 ENDA' . ENDS END6 END7 ~ ENDS -

—
o
m
=
Q
-
P4
o
N

$7.0000 _ $2.8300 - 373300 49.6700 62.0000 61.0000 55.0000 $5.3300 -
49.6700 416700 39.3300 33.0000. 56.6700 51.6700 56.0000 4%.33Q0
62.3300 69’0000 49.6700 51.0000 .63.6700 54.3300 53.0000, 53.0000. -
%4, 0000 49 6700 48.0000 44.6700 56.0000 53.6700  51.0000" 48.0000
.$2.6700 51 3300 40.3300 43.0000 56.6700 $59.0000 42.0000  45.8700
©4%.0000 4%5.0000 33,6700 35.3300 4476700 38.6700 41.00Q0 .40.6700 °"
‘54,6700 5r.é7oo- 47.6700 45.0000* 45.0000, 45.0000 = 38.0000 38.3300 :
62.6700 6€5.6700 53.0000 .53.6700 68.0000.  68.0000 .64.0000 67.3300
50.0300 £3.0000 37.6700 49.330Q .52.0000 62.0000  42.0000 56.0000
' 00 83.6700 39.3300  38.0000.°56.0000 51.3300 49.0000 44.6700"
%8.0000. '59.0000 53.6700 57.3300 58.3300 59.6700 60.0000 "55.3300  {
%50.6700 . 62.6700 45.0000 ..52.3300 53.6700 53.6700 49.0000 46.6700 10
4%.3300 49.3300 .42.3300 42,3300 $0.3300. .52.3300 .54.0000 63.3300",.
80,3300 50.0000  37.6700 ' 37.6700 58.0000 '50.6700. 41.0000° 40.3300 *
47.3300 '$1.3300 35.0000 . 38.3300 46.6700  48.6700. 37.0000 38.0000
50.6700, 52.6700 41.6700 49.0000  58.6700 49.6700 '50.0000 :50.0000
83,0000 54.0000 44.0000 '47.3300- 53.3300 48.3300 44.0000 38.8700
147.3300 . 52.6700 “38:3300 41.6700 45.0000° 46.6700. ' 38.0000 44.3300
56.0000 -%4.6700 48.0000 45.0000 59.0000 54.3300 54.0000 50.6700:
- 50.3300° §1.6700, 42.3300 '40.$700 '47.3300 ' 53.3300 42.0000 46.0000 .
58.0000, 62.6700 . 55.6700 55.3300 6§.0000 ° 73.3300  68.0000 . €4'.33G0
46.6700 42.6700 38.6700 . 36.G000" 44.6700, 52.0000. 39.0000 45.3300
64.3300 57.6700 - 41.0000 ,45.3300 47.3300 48.0000 47.0000. 41.6700
85,3300 58.0000 47.3300 45.8700 '57.0000  56.6700 - 51.0000 52.0000
5 45,3300, 41.0000: 32.6700 34.6700 ' 44.0000 44.3300 42.0000 43.6700 .
43,0000~ 51.3300. 35.3300 38.0000 d49.6700 54.6700. 50,0000 ' 46.0000 :
82,0000 52.3300 43.6700 42.3300 48.6700 52.Q000 42.0000 = 43.0000 -
%4.0000 54.6700 44.6700 42.6700 54.3300 52.0000 49.0000 .53.0000;
29 53.3300 53:6700 39.0000 40.3300  52.0000- 57.61001343.0000 .44 .6700
e . Lo . , L . . N .

OBNORDEQN -

Mean peak torque (uncorrected for grav1ty) at the end
of  the endufance test

. These tonque values may - be used to calculate the’ fatlgueh ”
index for each subJect as explalned on the, precedlngﬂ

.page. . S v R TI.
ST e : I C
ID "1-10 = Sprlnters - .
ID 11-20 = Middle-distance runners A
ID 2143o”é Untralned Males o o °
' _ - fﬁ ‘ : . L
END] ‘= Quadrlceps 180 deg/sec left
END2 = Quadriceps 180 deg/sec right
END3 = Quadriceps 240 deg/sec left
END4 = Quadriceps 240 deg/sec right
"END5S = Hamstrings 180 .deg/sec left
"END6. = Hamstrings 180 deg/sec right

END7 = Hamstrings 240 deg/sec left T _ .
END8 = Hamstrlngs‘ZQO.deg/sec right - . - .

R
§ ,



SUMMARIES OF ANALYSES OF VARIANCE
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iifj CORRELATION OF RELIABILITY \93

‘ -Both 1ntra-;ater and inter-rater reliability of graph readings
Zwas ‘calculated. Intraclass correlatlon coefficient (ICC) was used

(from\Ba:tko and Carpenter, 1976). 1 o ’
" ' . . N .l . .‘ - ‘ . [} v-
— B - ¥
Intra-Rater Rélability ' .
" Graph Reading of: - R - 1CC
v e
_PT Hams 180 deg/sec S R .97 . *
PT Quads 180 deg/sec LT ‘ W99
' PT Hams 240 deg/sec - T 99
.{?T:Quads 240 deg/sec' SR _ . W99
' PT'Angle Hams ‘180 deg/sec .. T .83
'PT Angle Quads 180 deg/sec o .93
-PT Angle Hams 240 deg/sec ' ' 94
PT Angle Quads 240 deg/sec T ‘ .82
Inter-Rater Relability = I S
Graph Reading of: -~ . .o RS (- <R
~ BT Quads 180 deg/sec _ e
= PT Quads 240 deg/sec o D S .99
.| PT Angle Quads 180 deg/sec . . . .85 .. 7y
&'+ -PT Angle Quads 240 deé/sgc S S .83 .
"/ PT = Peak torque '
Hams = Hamstrings N
' Quads = Quadriceps .
[ B ‘
13"-
!
1 “'Battko, J.J. and Carpehtéf, W.T.: On the methods and theorylof‘ 

" reliability. J. Nerv. and Ment.'Dis. 163: 307-317, 1976.



