ABSTRACT

'KLUCKHOHN, J. C. Isokinetic evaluation of the knee flexors and extensors of male and

female sprinters and distance runners. MS in Exercise and Sport Science - Human

el —

- Performance, August 1997, 55pp. (M. Miller)

Peak torque/body weight (P1/BW) of the kneg flexor (KF) and knee extensor (KE)
‘muscles and KF/KE strength ratios in male and female control, distance, and sprint

- groups were studied, A total of 48 Ss performed leg extension and flexion using the

- Biodex Inc, isokinetic dynamometer at 60, 180, and 300 degrees/second (deg/sec) on both

legs. Distance and sprint groups came from the University of Wisconsin-La Crosse track
~ teams, while control subjects came from the student population, Significance (p < .05)

was identified between groups and speeds on the PT/BW data using a 2-way ANOVA
with repeated measures, A Fisher's LSD post-hoc test fou nd the male sprint group
significantly different than all female groups, except for the female sprint group at the left
KF muscles. Male distance runners were significantly (p < .05) different than the female
distance group in the left and right KF muscles. Speeds were significantly (p < ,05)
different at 60 deg/sec from 180 deg/sec, and 300 deg/sec for left and righ KE and right
KF muscles and significantly (p < .05) different between all speeds for the left KF
‘muscles. Significance (p < .05) existed between speeds using a 2-way ANOVA with
repeated measurcs on KF/KE data. A Fisher’s post-hoc test revealed that 60 deg/sec was
significantly different than 180 deg/sec and 300 deg/sec for both right and left KF/KE
ratios, - - ' - '
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CHAPTER I

INTRODUCTION
Background

The use of isokineliCS in th’e”as'.sessmem OF muscular strength, 'déwlopmcnt ot

. 'strcngth, and lhe I‘Chdbilltdtlon of injured limbs has become popu]m in thc past 15 years,

In!roduccd fnst by Hlslop and Perrine (1967)* 1sok1nctlc.~. has become the plcfcn ed
method uscd in musculoskeletal clssesqment and tchabllllduon The aclv‘.mtagcs of nsmg

isokinetics tncludc.. quanuﬂcauon othque, wmk, and powm, isolation of weak II]LLSCIC

groups, accommodalm'g remstance prowdlng maximal 1‘esistﬂnce throughout 'lhc exercised

range of motlon dnd mhcrcnt safety mechamamq. In addlllon the lclmblllly of 1sokmctlc

' testmg hdb bcen EQtnlbllthd by Jo]mson dnd Slcgc] (1978) and Montgomety, Dougl.-.lss,

and _Deuster (1989) usmg the Cy_bcx and BiOdc‘x'equipmenl_rcspe;:tively. The

disadVantagesare that reliable assessment is limited to isolated muscle groups through the

- cardinal planes of motion, exercisc occurs primarily from nonweight bearing open-
. kmetlc cham poc‘.ttlons, dnd the high cost of the equ]pmcnt IS ptohlbltwe for some

qettmgs (Perrin, 1993)

ThrO_llghOth the ]i'teraturejpertaining lo isokinetic stre’ngth, the _kh_ee joint is the

most commcmly tésted and studied joint using isokinetic equipment, Normative data has

been accumulated by numerous researchers (Davies, Kirkendall, Leigh, Lui, Reinbold, &

Wilson, 1981; Holmes & Alderink, 1984; Rankin & Thompson, 1983; Wyatt & Edwards,




([981) for both dlhietic and nonathletic populations. Among he athletic populaticm,

' dthlcicshom footbdll ba.skctball soccer, ak:mg, dn(l tmc and fu,ld AI'C pcrhapq lhe mosf

.often bllldlCd Wlthm the sport of uack 1cw lCthIICl]CIS lmvc focused on the cllttctences i

| bctwccn sprmlet*q md distance lun”ncrq and how they ditl“cl trom the normal populuuon.
N Alcx.;mdcl (]990) Cmnpbc]l (1979) and Monls, Lus.sicl, Bell, and Doolcy(!985) were

_ 1hc only:csemchcrs who :-,pecihcally mvesttgated spnnlelsdnd distance runners. Several
' aulhors (Fly&Powell I087 Glcnn Nltholﬂs &Webb 1978 Grace, Swectsm,Ncison,
'Ydens & Skipper, 984 Jolmn&son, ]992 Nlcholas, Slnzuk & Vcras, 1976, O' [‘oolc.

| 1992; Prietto & Calozzo, 1989 Smgcr 1986) have spccu];lled that muscu].;u stlenglh

| lmbdl;mceq are the ctiology of many injuries seen among athletes, i‘nc]uding spl"i"nle,l‘s and

. distance runners. Kctidzill, McCreary, and Provance _(1983) stated “Musc]e imbalances

_ rcs.ult from occupational and recreational activitics in which there .is petsistent use of
certain muscles without adequate exercise of opposing muscles” (p. 5). This desct‘.ibe.s; '
what sprinters and distance runners u ndergo during their training ;md competition in a
 typical track season. Therefore, it is reasonable to assume that muscle imbalances could
dévelopin these athletes. Several researchers have suggested that strength training could
- be beneficial in correcting these strength imbalances (Getmanets & Travin, 1987; Suslov,
1'994; Symons, 1989). Knowing that a Slrehgth imbalance exists could assiSt the coach,
~athlete, and medical staff in correcting and preventing _tt*aining Injuries. '

' Pmpose' of the Study

~The purposc of this ,study was to ldentlfy and compare the pcak torgque |clauvc to

body welght, strength 1¢1t109 of the 1p511¢1tcml knee flexor (KF) and knee extensor (KB)
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muscle gl*t)llps. and the mfluence of -tcﬂi’ng spCCd on peik torque and the ipsilateral

strength ratios of male and female ltmncm By ldenulymg these Idctoull can be
. cslablishccl if 1huc is sng,mﬁeanl dlt[elcncc in the peak torquce and :pst]atcml stmng,lh

I;ltIOH of the KF md KE nmhcleq nnong'lhc lcst g‘roups. In addition, comparisons 10
other sl:cnglh dala will be plovidcd I‘hcsc, data coulcl be used as a guide | m dvtcnmnmg
_ _whethct or not silcngth ttammg 18 walmnlcd t01 specific groups to C()llCCI any
'I 'deflcmnt:les or imbalzmccs. Information 'ob[aincd from this study will be provided to the
'brlb‘]ccls upon lcque*,l In an eifOIt {0 imxmnzc lhcn oppmlunlty 0 perform ;ll the highest |
-lcvél .

Need for the  Study .
~ The need for this study is based on the fact that little attention has been directed at

s'printers'ﬂ'r_ld distance t'unncrs when discussing the proper strength of the KF and KE
muscles, According to Johansson (1992), “Different techniques recruit not only different .
fiber types within the muscles, but also involve chunges in predominance between
different muscle groups” (p. 78). This infoi*mzﬂion showslthat sprinters and distance
runners may develop different peak torque and strength ratios, Knowledge 0[‘ tthe
'rclsul'ts b_el_Ween sprinters and distance mnne:é may result in beﬁchts to prevent anLlIlC‘»
This infor matlon can bcncﬁt the pdlllCIp:llllb of this study by lclcnulymg musculm
wcakneqses or lmba]dnces. Sevc1 al duthon (Fly& Powell, 1987; Nicholas, et :11., 1976;
I'O’Toole, 1992 Rolt. 1995: Smger, 1986) ]uwe stdlcd tlmt muscular stlcngth imbalances - -
may contrlbute to !ﬂJllt‘leS in runner‘; lnd that sltenglhemng exercises could help plc\ cnt

these. Accordmg to O’ Toole (1992) “funcuonal abnonnalﬂlcs such as muscle tmb..-llcmcc




“around a joint, inadequate strength, ot inadequate range of motion are more important risk

o factors” (p. '5360)_- ’[“flie knee joint ih runners is the most commonly injured portion of lhe
- ~lower extremity, with g majokity of these injuries involving over_use of the knee eXthSOrs; -

Some of (he other commonly injured areas are the pelvis, hip, back, leg, ankle, and foot.
o ~ There has been no proof which shows that muscular imbalances oceur as 4 result of
~ training; however, little attention has been dimctcd to thig ared, -
Hypotheses
This study had the following hypotheses:

There will be a signiticant difference (p < .05) between e relytive strepgth of the B

- KForKE mus'clc_ groups between the 'cont_rbl.,_ distance, or sprint BIOHPS,

Thete will be a significant difference (p < .05) in the relative strengtl of the KF

~and KE muscle groups between all testing speeds.
“There will be a signiticant difference (p < .05) between the ipsilateral RF/KE

strength ratios between the control, distance, or sprint groups,
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All su b jects understood and followed instructions given (o them before and during
- the testing procédure. :
 The movements used can evaluate muscle strength in the knee flexor and knee
extensor muscle groups, -
The Biodex testing ¢qtiipment was accurately calibrated prior to each testing

} SGss"ion.'

L
'. .
i)
l.' \
o T
‘I-. -,
yn
.i L]
‘WY
i
" i
1
1 ]
1]
L |
*_
Ih ‘
3
";.l‘.
< il
=% N
..
ap! .
Ly
JI' -
3 hl:
.y
oty
Y
1
= UM
i :".1
|
'L
':-'
_"’_
L
1 N
\
Full .
alRh
vt
+TH
o
b,
F,
] f
J.'r
ol ]
¥
o
1
*

.
;
4
Al
A

The subjects gave a maximal effort for cach of the five repetitions performed

at each of the three testing speeds,
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~ Delimitations
This study had the following delimitations:
“The test subjects for the spril’llersantl distance runners were limited to those who

voluntecred for the study from the University of Wisconsin-La Crosse Men's and
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The test speeds for this study were delimited to 60, 180, and 300 deg/sec.
The study was delimited to subjects who had 1o acute Injury in the lower
extremily, N - .

_'I‘hc mmplc slze was delimited lo 8 males und 8 females for uwh hpl ml (Iistuncc, | .

~and control gr oup




~ The :or-dcr of testing was delimited to proceed frbm 60 dcg/séc to 180 deg/sec
“and conclude at 300 deg/sec, .
- Stabilization straps on the thigh, waist, and chest were used to prevent -uny _-
increased lcﬁerugc which could be gained from movement of the upper body.
| Subjects were tested in a slightly reclined, SGiited position created by the backrest
. adjustment positioned at murkcf humber two. .
- Limitations
This study had the following limitations:
" The activities of the subjects outside of this study were not controlled.
Control Subjects were selected from volunteers who routinely participated in
running or jogging recreationall y 2-4 t'imc.q per wce'k'.
[t was assumed that the researcher was competent with regards to operation of the
Biodex testing equipment. . o .
The motivation level of the subjects was limited to asking for maximal ef forts
~priot to each sél of five rep{ztit'ioné at ench testing speed. .
- Definition ()f ’l‘crms ' .
Distance Runner - an athlete who traing and competes in track and field events of 1500
‘meters or greater, I - o
Isokinetic Exercise - i method of strength training or testing in which the speed of '

segmental rotation is kept constant throughout the range of muscular contraction

(Kreighbaum & Barthels, 1985),




o KE/BW - a ratio produced by (he amount of torque generated by the knee extensor _
_ muscles during knee extension relative to the botly weight of the subject.
' _IS_I’*_/_B_W_ - 4 1’*i|t'i(5 produced by the amount of torque generated by the knee flexor muscles
during knee flexion I*el;uivé to'lthc weight of the subject,
. KF/KE - a ratio produced by the amount of torque 'gelim*at(:d by the knee flexor muscles |
during knee flexion relative to the amount of torque generted by the knee extensor
.  muscles during knee extension.
- Knee Extensols KE - those muscles which primarily contribute to lh‘e extension of the
 knee. This muscle group is commonly called the quadriceps muse le group and consists of
the rectus femoris, vastus medialis, vastus intermedius, and vastus lateralis muscles.
Knee Elexors (KF) - those muscles which primarily contribute o the flexion of the knee.
This muscle group is commonly called thc hamstring nmsclc group and consis{s.'ol‘ the
b_ice’p's_ femoris, semitendinosus, ahd semimembianosus muscles.
Length-Tension Relationship - states that the contractile tension the muscle is able to
produce increases Wilh the lcng.th of ll\le- muscle and ts maximum whcln the 'tmlscle s at its
resting length (Kreighbaum & Barthels, 1985),
Muscle Bz;tunée’ - o condition where the agonist and antagonistic muscle groups contain
:enough su‘éngth 10 inbve i body part and stabilize the joint sufficiently to avoid injury

under sport specific conditions,

Muscle Strength « the nbllil'y to pl‘(}(ll!cc or tesist n force.

Qvershoot Pl .nomen"_l'sdccelérmion of the overspeeding limb and lever arm producing

a transient peak, or spike, in the isokinetic torque curve (Perrin, 1993),
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Peukl Torque - the maximal amount of force produced about ﬂjoints‘ axis (Pcﬁ*in, 1993),
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| I_m_qm - the amount of force that can be produced throughout the ran ge of molion (Reedi

1995),
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CHAPTER Il

 REVIEW OF RELATED LITERATURE
“Introduction . _
| Since the of the concepl of isokinetic exercise was introduced by Jamies Perrine in
196‘7 mkmmlc exercise has bccn used to evuluale the slrcn;,th of vm'lom musc,lc Broups. '
Pri lOl‘ lo the dewlopment of 1sokmcucx, hOlOIIIC and tsomcu ic exercise were thc .solc _
methods used to tcat musculut strength. The kncejoml S pmlmp.s lhe mosl wndely studlc(t
joint ot lhe humnn body ch y iew of these .stucllcs have compurcd lhc differences in the

musculumrc sun'oundmg the knee in the dismn“cc runn’er zmd sprinlm*- Rcvicw of
.- pcrtment |ltCHilUl‘c st cnnsndel tucloxs uf‘fcctmg the rclmbillty nml val:dnly oi isokinetic

lesllng, cmcl in men.sutcd by lhe study, various lesting components, el g genden
(iiffcr’enccs related o isokinel_ic’ testing.
Rclmblllty und anldl y .: kl ctlc 'T'cstmg,

r‘he lcliubility of tcslmg lhe knee numculmme u.aing, 1boklnct|c cquipment hus

bce’n,u(lcquutely cslublishcd 1) lhc literature (Pcn*in 1993), Johmon *md Slcgel ( 1978)
mponcd rellubility cuelﬂcuent of R «,93-,99 wum., ) the Cybcx dymmmmeter L0 test ior

peuk torque (Iurmg knee cxlcnmon of nondnablcd women, Ihcse results were conf irmed

. by Montgomexy, Douglnss and Dcuxlct (1989) whilc le«.lmg 9 non(lmnblcd men und | I

“women In a seuted po.siuon wilh spccds vmymg from 90 Lo 330 (Ieg/se‘ Rchublllly

- cocfficient.s (R = 86 92) incrent;cd as the specd of Icﬂing incrcusc(l on Blodex




cqmpment Montgomety and collcagues (I 989) also notcd tlmt telmbillty was greater fon
: the KE compmud to the KF muqcle groups. Some of lhc varmblcs, nlﬂuencmg 1elmb111ty
and val:dlty of nokmctm testing ate functlonul per tonmmce, oulc: of testing apecds, o

stabilization of the subjecti calibration of the equipmem,-, and the 1esting,pmtoc()ls (Reed,

|995).

"The moat unpm tant mctox in detelmlnmg the tuncnonal pc:lm muncc of te.slmg

the KF and KE is the spced m Wthh thc Jomt nor mally tunetnom. The lnmlutlon of

_ _:sokmenc le.slmg is that many ..-1ctw1tles m.spmtc.,mm)t be tested at speeds commonly .

t‘oundwhlle perlm mmg, thc movement. These spccds often exceed the spcecl whlch can
~ be lcstcd by thc cqulpmcm As .statcd by Wllk (199 l ) “Sever 1| estimates of funcnonul

'spcads have bcen I(Ientmed for the knee: wulkmg 233 deg/.scg, mnmng 1 200 dcg/.scc,
and puntmg 2 865 dc;_,/sec” (p 74) (Recd 19935), Accordim, to Johunason (1992) tlu..

' .stinmlccl oplmml ung_,ulm vclo:.lty to le.st for kncc extcnsm mcun powcl output m

spr inlcts 18 upproxmmtcly 4‘50 (leg/sec w]nlc In mmuthoncm 2’70 (Ieg.,/sec 18 Optmml
When the spccd oi thc movement excccds lhe Ilmltuuons of the |sokmctl<. cqmpmcnt
_ cunently between | - 480 (lcg/scc other frctors must be considcrcd when selcclmg

R lc.,slmg speeds, Other Iucton 10 considu in sclectmg lcstm;_., spcod.s. include the abihly to

compmc the selcctccl specds o 1clwnnt Iucmunc and lhc dcgtec of difference between

several .s.clcc‘:led spccds.
'I‘h'e cxpericncc mnd preparation of the subjects must also be controlled to insure
'ndcqumc 1cliubi|lty o!‘ lcsting This 18 conuollcd by the use of practice sessions uml

-udcquulc wnrmaup Wilhlle. Cohen, and Wilhite (I992) found that lclinblllly 1S
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o dlmlmshed when the blIbJCClS did not receive adcquatc WArM-up. In general, Pcmn
N ( 1“93) slated hat i war m-up con.slstmg of thlcc submnxmml and l]ucc nmxlmul

' repetiuons are udequute (o obtain péuk‘ torque, w_ork, and powcr. Wil"hitC, et al, (1992)

stated, “Norm’ul pcrso'ns being tested on difterent speeds should experience slower speeds

'- prnon to being tc.s!cd at the higher .specd " (p. 182), This atlows the suhject to adapt more

casily 0 the f'aStcr le;sling speed&

Stabilization of the testing subject is uhothct* variable nhm 'lms' been questioned in

| rcfc't'ence to the rcliubilily of torque output. Magnusson, GCIHlllllt‘. Glcun, and Nicholas
___( | 99‘!), leslcd four different z»tubalmdlion methods with var ymg degrees ol hiilblh?illmn of

| the back and hands at 60 dcg/sc'c. Results showed thm the greatest amount of torque was

l)'l‘()'c11.00(l when the back, thigh, and pelvis were stabilized with straps and the hands were

_grmzping underncath thc-scm. 'Pcrt'in' (| ‘)93). however'slméd that the classic scz'ucd knee
lcsl posiuon cntuilcd Mnbllwution uround lhu,h waist and chest wnh the APMS Io!dcd

__ NCTOSS lhc chc.st. lhc Hrms shou]d b{, loldcd CTOsS lhe chcxl und the icet xhould be

nonwelght bear ing if the purpose of the test is lo molutc i turgcl muscle gloup and

. "climmutc the conlrlbuuon 0! uccessoty muscle groups, Accordmg 10 Nosse (1982), who
: rcwcwe(l ‘SO |opons pcltuining to KF und KE muscular strength, “Wlthoul udu]uulc
' '.slnbilizmion to maintain axls ullgmnenl, fomc gcnerahon could hzwc been dependent

~ upon the suchc-l‘s abilit"y 1o Move to mnximizc thcir effort, rmher than the force generated

huvlng bccn related to spccil‘icd t.ondnlon.s tlmt could be duplicated” (p 82) Comlhlcm,y

in the stabilization ])I‘OCC(IIIIBH s well as the calibration of the cquipmenl uml ,.slrlc

enfmcemcnl of the lcstmg pmtocol must be used to pmducc vulnl und reliable mulls.




~ Until recently all isokinelictcstihghas bt:en performed as an “open-kinetic-chain”

 (OKC) exercise (Perrin, 1993), This type of exercise is orte in which the foot is not in
fixed position such as would occur when the athlete's foot is in C(mmc{ with the ground.

The validity of OKC testing involving the lower extremity has recently been questioned |
by Suslov (1994) due .lb-the fact that it prevents the popliteus {0 initiate knee flexion and B
“the gastrocnemius to assist in kneel‘lexidn. In recent years the use of *“closed-kinetic- l
chain” (CKC) exercise assessment using the isokinetic dynamometer has been applied to
the rehabilitation setling, This type of exercise Is one in. w11i¢11 the foot _is in o fixed
“position against A stable object. These CKC exercises are said to be more related to the
“dctivities t}mt are performed in the zilhlctic world and are replacing OKC assessment in
tehabilitative settin gu, . *[‘hc preference toward using OKC testing procedures may oceur
for three rensons. First the cost and subsequent availability of CKC testing equipment has
limited the use of (his lype of testing. Also most researchers have little f amiliarity with

~ these tcsling procedures and equipment and therefore, icﬂters-hnvc_ little cxpcrlisc in this

arcit, Finally these CKC equipment have no proven reliability which limits their use in

reseurch studies. The aren of CKC isokinetic strength testing is an opportune area for

future resemrch,

Criteria Mensured
~ The criterin used to assess the strength and muscular balance of the KF and KE
muscles varies within the literature, Some of the mensures used are peak torque, nican

“torque, mean power, endurance, strength relative to body weight, and KF/KE or

hamstring/guadriceps ratlo. Peak torque is the maximal amount of forca measured




' tln‘dugh the testing range of motion over several repetitions while mean torque is'_thé -
~average loi*quc produced at every angle through the f all range of motion of the joint.
‘Mean power m recorded as the average power produced over several repetitions through
 the joint’s range of motion., Anothcr common c;*ilel"ial measured for acrobic activities is
enduranc& This is tested with « greater number of repetitions and meastires the ability lo
 maintain strength over time. Relative strength is another common criteriu used to .
~ evaluate muscular strength. This measure expresses tlicstrcngtli of & muscle group
relative to the subjcct’s own bocly weight using the peak torque produced. Finally
strength rat'io.s. such as KF/KE, are used to express strength of one muscle group relative
~to another, typically the antagonistic muscle group. ' .
Oné pm*uméler that is most commonly measured is peak torque since itl s thc
. casiest criteria to measm‘c. Wyatt and Edwards (1981) reported the 'pc'ulk tm‘q';lé of 50
males and females ait 60; 180, und 300 dcg/sem The mean peak torque value for the
males was 135 foot pounds (it 1bs) and 79 ft Ibs for the femules at 60 deg/sec and 66 ft oy
and 38 1t 1bs at 300 deg/sec for the quadriceps muscle group, The peak torque recorded
for the hamstring muscle group was 96 and 56 ft 1bs for the males and females
respectively at 60 deg/sec und 54 and 32 f_'t Ibs al 300_ (Icg/scc. The peak torque I"_o'r both
~the quadriceps and hamstring muscele groups significantly decreased us the velocities .
' incrcnséd. Appen and Duncan (1986) reported .t'he peuk torque df' lhé k’ncc joint of 10
male sprinters and distance runners at 60, 180, 240, und 300 deg/see. The teported

~ nongravity cotrected torque values for the quadriceps of 149 ft lbs at 60 deg/see were

‘very similar to those reported by Wyatt and Edwards (1981) at 135 ft 1bs. Gravity




~ corrected values from Appen and Duncan (1986) were higher for the quadriceps muscles
and lower for the hamstring group which is expected when comparing gravity corrected

and 'nOngrzWit y.col‘t‘e(:?te'cl values.

Mean peak torque has been used by 1_*csem‘chers and is considered to be a valuable

criterion, Levine, Klein, and Morrissey (1991) stated ilmt “two advantages of tlii's

variable (average torque) are its control of joint positions and "-mt't;qcle. I'c,ngths, and its

measurement of torque produ(:tiOn thmughout ahe r_uhgedf motion (ROM) versus tOrq'u'e
prcaduction at upm'liculm mglc“ (p. 126). Statements by poth Levme et al, (1991) und

: ,Pcmn (199’!) suggest tlmt thmc are no mg,mﬁcanl dllielcnccs bctwccn the u.sc.o{ peak
'10:‘(]ué amd avcrugc pcuk torque, _Olher researchers (Aagmn*cl,Simonscn. Tr’olle, Bangsbo,
~& Klausen, 1995; Prictto & Caiozzo, | 9_89) disagree with this method and prefer to use

an angle specific method that measures the maximal torque at cach degree along a

- specified range of motion. The interest in using this method is based on identifying u
‘peak torque measurement at c'crtuin Lportant poit_'\ts in the runge of motion which relute

to the joint 'i‘unétlon'. '

Pouk torque measurements hiave been reported in numerous sports without
cort‘éction for gravity, Primarily this practice was done previous to the mid 1980's before
' equiptent was made available to nccu'rutcly meansure the effects of gravity. Appen and
Duncn (1986) conclndcd that “When gravitmlcmul I‘Orccs are ncglcctcd there is zm
ovueslimulmn of netive ﬂc:\or nmscle torque and an umlcrc‘:lmmtion of netiva extensor
muscle l()lquc“ (p 234), Ber g, Blnnkc, and Mlllcl (1985) tcportcd the pcuk lorque of the

dominant leg cx’tcnsiojn_ and flexion of female c':oIIcgc bns'ke'tb'nll players at 60 deg/sce ut




IZI 8 and 76,2 ft lbs, rcspcclwcly Ina study of colle;,c baseball ])llChClh, I‘Jppctl (1986)
' 1cpmlcd peak Ot quc cxlenmon and Ilcxmn valucs ot 194 and 12’5 lt 1bs, tcspcctw{,]y atl 6()
dcg,/scc Slaltotd und Granna (I984) studlcd 60 college football pluyms usm;_, .s.pu,ds. m
90 180, and 300 deg/sce, l“hc.se 1csemchms |cp01tcd peak lmque vullu, 1!|180 deg/sec
for knee extensmn and t‘lexmnat 122,1 .zm'd 88.2 Nm. ren‘*pcc{ively
. - Several researchers (Alcxandcr 1990 Campbcll 1979; Moms, ct ad., | )8’%)

.huvc lcponcd peak !orquc spcmllcally in thﬂﬂCClltnncm and sprinters. Cnmpbcll ([979) _

compared the peak torque of sprinters and distanice runnors at 60 and 210 deg/sec, His

reported peuk to'rque values for knee éxt’cnsion in sprinters and distance runners was
143.6 and 109.1 ft 1bs at 60 d'e'g/sccund 76.4 and 49.9 ftIbs at 210 deg/sec, The reported

' kncc flcxlon values for peak tmquc wcm 81 5 and 60,5 ll Ibrs At 6() dcg,/.su und 55 9 uml
34.5 ft Ibs it 2!0 deg,/t.cc. In & .t.lutly of I2 mulc middle dlsluncc nmnu&. Itom the Big

~Ten C‘onlcnmcc. Moms ¢l al (1983) tested the athletes at 30, 60 180, 240, mul 10()
deg/:»cc Io:quc values at 60 clc;_,/hec were thc highc.sl lccouicd lhc peak tolquc vuluu
lor KF mm,ed Itom 87 0 51 4 1L Ibs whlle the KE values umgccl l‘tom 139, 2-59,3 fl “)h.
Morris el ul, :,mu.d tlmt 1he loxcu-vclocuy cur ves obluincd Wwere :~.1mllur to lhmc fy om

' Wynll uml demd«. (1981), Alexundcr (1990) \llldl(,d clm, mulc and l‘cmnlc :,pnntu..s und
tcponed cxlension values of 196. 9und l2(> | ft1bs at 30 deg/sec and 156.4 uml 93.7 It lbs' '
ut 230 dcg/scc for mulcs und IleI]Ch His mpmted pcuk lmquc vulucs [or I‘Icmon Wele
124.6 zmd 81.9 fl Ibs ut 30 dcg/scc and 122.4 nnd 80.0 fu lb.s 1l 230 (Iuyhcc These vulucs_ '

e much greater lhun lhme from Mon‘ls ot ul ( 98’3) and may result from thc g:cmw




mass of the subjects in Alexander’s study or because of the differci training methods '

~uscd by sprinters versus distance runners.

Other measured parameters repotted in the literature are endurance and average
power. Bndurance of the KF and KB muscle groups has been minimally investigated.
- Wilkerson, Mm*tin,_ and Spurks ( 1'980) studied elite marathon runnets and 1*t:p0rtccl an
average endurance ratio of the quu(lt_*iCeps mus'clcs at 90% usi'ng a4 40 second test.

' Meuaning tlmt thesc clue nmuuhon tunnel..s could p:oduce up to 90% of lheu muxunul

' toxquc output after 4() seconds oi wmk peltonnmg kncc extensmn and tlcx1on usmg
lsokmelic equipmcnl. DcNucio,' Duvics, un{IRowinski '(1991) uscd i slumlm‘d l"utiguc

pmlocol of 40 wpc,tluom lluough i range ol motmn of 75 dcglccs 10 le.sl for mu:sculm

cndumnce of the KF and KE, [‘I\ey found significant torque iutu_,ue dcvc]opul in both

' cct’:cnlrlc and concmurlc exercises. Avcrugc power was ulso inVeslignth'by Wilkersdn et
al. (I980) who mpouul that avemg,c powcu mcxcuacd cxponcnlmlly as velocities
-mcucuscal in buth KI“ uml KE, KE ])IO(ILILC(I mgm[:c{mtly glcutct power llum Kl* at ,spccd:s

below 60 tlcg/sec,' while u’t speeds greater lh'un I2_() (lcg;’sec_lhc’ npposi:u was tru'e.

The strength ratio of the KF/ KL muscles has bccn’ reported most often in thc '
Iuelmuto. 1t has been commonly wpottcd that this ratio should be uppmmnmlcly 60‘% In
“all athletes, howcvel, scientitic plool of this ratio Is uuluunded This vu!uc seems to be
. tiuwul ﬁom chm and Allmun (I969) who suggcuctl Lhat nmle high school seniors

mumlum ulutio ol 1. 2 while collc;_.,e football pluycmmlinluin n 610, Munymhcmchcls

" (Ilolmcs& Aldeunk 1984; Mortis et ul., 1)83 Nos..sc, 1982 Runkin & Ihompxun. 981)'

huvc mponcd (his uuio B not llxed und changes to uppxoximulcly l | becuuqu thc,
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strcngth oi_thcf KE muscles decreases more than the KIF museles as the lesting speed |

Increases (o -300 deg/sec. In im attempt (o establish nm*mmive data concerning different
Sports, lekln and lhompson (1983) IC])()IlCd tmck dlslmm runners had KiVKE mlms

of 64% At 60 (lcg/scc and 88% at ’500 (lcg,/xcc- Ihe mean KF/KE‘.'mlio ["m' allincmning

' sllhlclcs In (llltcwnl SPOrts was lcpmtccl to be 8‘% 73, and 63% tor 300, 180, and 60

(10&/“00 lChIJCC“VCI}’ This closcly concsponcls to M(‘Jltlh ct al, (198’%) who [epor ted

_  ratios of 62% at slower apwdx and 87% at | ztstet .t.pculs Ihc ¢ data lollow lhe tlcml

prcscm_c(l by others tha the KF/KE is not { ix_ed and increases as the testing spccd

mereases, AcCordmg to Suslov (1994), RlISSiim cxper't"..’x' have I_‘ou'nd (hat jumpers and
- wcnghllillcrh hzwu i ratio nearer 80%, lhcu,lonc, it may be u.ssumcd 1h at (ll”LlLI‘ll

-_ aclwllles cotild ]JlOdlle dltcmd .sltcnglh mnos. -

Somcumcs {he stacm_,ih of the KE un(l KIF musclm (h1'C compmcd Muuw 10 thc

subject’s body wcu:,ht. It has been LSl:lbllth(I lhul size and height of thc xub[u,t e

. _clmcly u,lutul {0 sllcng,th t]l{,tulmb. it only mukcg scnsc Lhat compm mb th sueng,th lrom

a 120 pound w:u.llm [0 l]mt ol n 250 pound anm.m ..k.hou]d bt, done while umm, i

telulwc mensmc(Bishop I"~)83) Runkin and lhompmn (1983) attempted lo L\ll!bllhh

not mutwc stlcng.,lh vuluca I‘l 0m Ih{,il ptmcuson xcwuung of all athletey {l Mlchlg._,un Slulc- --

, Unwctslly lhcn (lntu mu,g,ul llml qundncupa/body weight (Q/BW) nnd Immsu m;:,!body

wclg,hl (II/BW) oS are more 1clmblu lhun lhc humxllnu,/quuclnccps (H/Q) t.mo. thllu
dlilelcnc 1§ WeIe Iouml betwecn ulh]utm while compuung the II/Q ratio while su,mllcunt

ditfelcncc,.«. were found between ulhletu. wnth Q/BW i | I/BW Other rcscmche:s.

. (Alcxnndcr. I990; I-{olmé& & Aldcrink,'l")Sd: Yamamoto, 1993) have used strength




~ values relative to body weight USiﬂg. poak. tor'cllue- to pounds of body weight, mean peak '
~ torque per kilogram of’ bod}i weight, and strengthpcr kilogram of body weight measured
‘with the use of a strain gauge, .
- ‘Testing Components
Thete arc several factors that must be controlled to establish meaningful results
such as body position, stabilization, testing speed, nu.mbor' o_f 'r’épctitions performed,
gravity correction, damping, and equipment calibration. The importance of accurately _
- establishing the same body position for cach test subject is related to the length-tension
) relationship. As the body positioﬁ changeS, so does the length-tension relationships Of
the KF and KE Extension of the k‘noois accomplished by a combination of the rectus
femoris, vastus medialis, vastugin_termcdius; and vastus lateralis muscles. The rectus
femoris is a two-joint I'm'us'cle crossing both the hip and knee joints, ts dominance in
extension of the knee joint can be enhanced by extension of the hip joint (Worrell,
Porrio, & Dooogor, 1989). The 'k.t'lée' flexion produced by the hamstring muscle group
consisting of the biceps fémoris, semiteodinosus, and 'SGmimembranosus is also affécted
by the posmon of the hlp because of thc two Jomt nature of all these muscios with tho
cxwptlon of the short hcad of lhe blcopq femoris (Worrell et al., 1989) Both the qupme
and p1 ohe body positlons are mom cloc;cly reiaied lo the posmon of tho body while
runnmg (Worreli Denegar, Armstrong, & Perrm, I990) Few studies haVc used thoso
two positions to evaluate the KF and I(E __mu:sole groups; -

A wide range of speeds have b_e’en‘ used to tést' the KF and KE, including 30, 50,

60, 90, 120, 150, 180, 200, 230, 240, 270, 300, 330, 360, 400, and 450 deg/sec (Perrin,
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obtained. Many researchers have stated that the strength of the KF and KE decreases s
th_c speed of testing increases (Aagaard c_l a_].,' 1995; Knapik & Ramos, 1980; Morris, cl -
al., 1983). While the strength of both the KF and KE diminishes as the testing speed .
increases, theKF strength diminishes less, rcsulting in the KF/KE ratio migrating toward
l.::l as speeds approach 30-0 deg/sec. In q study c_ompu;*ing sprinters and distance runners,
Appen and Duncan (_l 986) concluded that there was not 4 signif‘icﬂhl difference in fhe
' H/Q ratio except af 300 dc"g/sec;.
-'T-hé number of 'r‘cpctitions performed is another important fuctor to establish in the
- tesling procedure. Throughout the liiterat'ure' there are varying numbers of repetitions used
(o obtain peak torque, mean power, and endurance. Perrin (1993) suggested the use of
three to four repetitions to obtain peak torque measurements while Baltzopoulos and
Brodic (1989) stated that typically two to six contractions are used. When endurance is
‘measured, the number of contractions are typically much greater. DeNl.lcio,D.m»fie.s;'1 and

‘Rowinski (1991) used a “standard fatigue prOtocol“'IjlaVii]g subjects perform 40
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repetitions at 180 deg/sec to establish endurance,
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Many of the c_arl'y_ studies using isokihetic testing did not account for the effects of
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maximal torque values produced by knee extension and flexion using the Cybex [i

“isokinetic dynamorneter and found these to be altered by the effect of gravity, The

“authors stated, “Gravity significantly affects the recordings, resulting in an

~overestimition of active flexor muséle torque and an underestimation of active extensor




- muscle torque” (p. 674). Their results showed that a failure o acé’oum for thc effects of

gravity could ause 4 4% crror in the knee extensors and a 15% error in 'tilc knee flexors.
Appen and' Duncan ( I986)stalcd, “In both sprintcrs and cndurzmce runners, there is less
wuiublllly of thc g1 ;wity concclcd humstlmgs lo quudlicepar vcl the 1s0kmetlc

' vcloutics” (p 234) Rcccnlly Aagamd et al. (l 995) concludt,d lhat a glzwlty conectcd

o H/Q ratio remained constant (ACross tcﬁ:tmg, spceds of 30 120, and 240 (Ieg/scc while

no:1001*rcc;cd H/Q 1fat10 i'ncrcascd during concentric contraCtion over the same speeds, 1t
is thérefore impomml that g_rawity correction bc_'u.scd in all studies concerning isokinetic

- testing, .

o “The use of isokinetic dynamometers for testing muscular strength often produces
ian .“ovcrshobt phenomenon”. This is olbse'rvcd by a spiked torque level on the Strip clu_lrt_ '
and is caused by the deceleration of the moving limb and resistance levef‘ (Perrin, 1993),
This spike Lan confound interpretation of t'hé muscle’s true Capacity o produce fof(*:c a'n:d ,
is- cortected by thé use of damping, ramping, or preloading, The greater the amount of '

“force being produced by _lhe tested muscles, the greater the amount of damping needed. It
is important to understand 'tliat damping ca'uscfs l shift in the torque curve relative to the
range of motion and therefore the level of damping must be recorded.

. . Gender Differenc

Recenl studles (Berg, et al., 1985 Hedgepclh 1987 Rdnkm & Thompson 1983
Wydlt & Edward 198 1) regarding muscu_lar strength of _the KF and KE have compared
males to_ femalcs. Before these studies were completed, little data had been collected on

female subjects due to females having less access to cOllege and universities where




research studies are often pcrformed. Hence, stidying the differences between men and
women was difficult, Within the past 20 years, a large amount of data has been collected

on women and a clearer trend of the gender dif‘fercnccs has emerged. 1t has long been

récognizcd that men are generally bigger, stronger, and faster than women, 'Bis'hop

, (1983) St"udicd' lhe biologi*iildeicrminants of the gender di['feren(:c in'r'nusculm* strength,
The mam fdc,lor qhown to af Iect the dnlcrcnce<; in strength was duc to the difference m
body wc,' mumly muscle, It was found that if direct r~:l|cnglll mcusutcs Were uscd wluch
_dccountcdonly t’o.r the fean muscle mass, the,n thc differences in strcngth we:_-c much less.
"f‘his ls due to the fact that only lean m:u.?{'c':lc" mass accounts for force production and '
women commonly have a higher percentage of 'bt)dy weight stored as adipose tissuc.
Other factors relating to gender differences m muscular sl’feng’th were Ie.vcl of
activity, type of norm:;ll' activity, and neuromuscular dif'fcrcnccs (Bishop, 1983). It was
shown that if men and women were compared Withrsimi.lar activity levels a'htl types of
activities normally performed, the differences in strength decreased slightly, The other -
factor investigated was a possible neuromuscular advantage associated with men. No
evidencc was'ct::llecled' to establish thul men hadany ncuromuscuIar.advunlage over
_women In generdl womcn p'enerate :lppl oxnmltcly lWo- thirds the strength of men
-(Bmhop, 1983) This difference | ts grealcr in the uppet body und lcss in the legs. The

. 'decrcaqed dlffcrence in strcngth dxsocmted w1th the Iegs of women lS tmced to the Iact

that women huve a greater percentagc of muscle in their legs relative lo total fdt trcc

we |ght (Blshop, 1983), In a]l the studle.s found rclaung to KF and KE, peak torque was




significantly greater in men than women (Berg et al, 1985; Hedgepeth, 1987, Rankih &

' Thompson, 1983; Wyati & Edwards,- 1981).
The review of pertinent literature regarding strength testing of the knee
musculature of male and female runners includes a great deal of information, The most
mportant ﬁlCtOI‘S involved are reliabilily and validity of isokinc'lic lesting, criter|a
measured by the testing, testing components, and gendet differences. Within this review
of literature véry Iil__t'lc attentic)h was focused on specifically distance runners and
sprinters. Hopefully lhc"attcntion gi'vcn' to tli‘i's subject by 'lhis study will give ai béttcr ,

‘understanding of the strength differences among these groups of runners,




CHAPTER Il
METHODS
~Introduction
“The purpose of this study was to identify and .comparc' the peak torque relative to
the subjects’ body weight, strength ratios of the ipsilateral KF and KE muscle groups, and
*thc inﬂuenéc of tcsting. specd on pe'zlk torque and the Ipsilateral slre'ngth 1*alt.ioq of maic
' B and i’emale runners. The subjecl pOpllldllOIl cxcludmg lImwntrol group, was SC|CClCd
from the Unwcmty of Wmconsm-bl Crowc l’mck and Fleld team based on their .
willingness to volunteer for the study. Thcsc dthletcs were highly computuwc mcmbus
. of an NCAA Division Ill mtcrcollcgwtc alhlctlc progmm. These athletes were
approprlate subjects for this study because of lh;a high volume of training required to
maintnin compctit'ivcncss at this Iévcl.- i . I

The testing spcc.,d«. utlhzcd In thl.s study were qcleoked bdsed on the hlgh number
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of occurrencec; lhat these speeda werc obscrvcd in the lltcrature thercfore, results from '
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this etudy can be edsﬂy compdred to others, The second factor Uscd m selecting these
 testing '_sp'e_cds was the equﬂl Separation'beLWeen th_e three testing speeds. Each testing
slpced was separated by 120 deg/sec, hence, it could be observed if the differences in

strength values between testing spcedls followed a pattern.
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Sublc'cts

The s.ubjccts for this study were (lwlclcd into three nmlc and three tcma!u g_,roups
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- conalslmg ol‘ {l conlrol dlstance, and sprmt group, E.-.icll group consisted of eight

hﬁt L.

.- 511chctsi c'xc.luding.the male distzmcc runnerszm(l sprinters which Consimetl Of' nine and
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~ seven subjects réﬂpccrivcly, for a total of 48, Gloup size var ch bccause of athlctc mtcrc.st
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- mld chlldblllly to p.-.utncnpalc in the study Bach ot thc control groupe COI‘HISICG of clght
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'volunteer..s who were students at the UW-*L_.‘ All study participants in '_lhc sprint and

distance running groups were members of the UW-L Track and Field teams.

Tdblc 1. Subject Chm dctertslth for Age, Hclght, andt Wclght.

G'OUP" . Age (years) Height (inches) | Weight (lbs)
I-M.alc Controln=8 . 223 . _' l70.0 1590

Male Distancen=9 210 70 1510

Male Sprintn=7 197 706 168.4

Female Control n =8 21,9 648 . . 1361

Female Distance n =8 20, 654 - - 122, ]

Female Sprintn =8 195 6.1 1288 -
Group Averages . 2r ¢ . - 1442 .

Testing was cat‘riedout in the Athletic Training fbom in Mitchell Hall at UW-L.

Informcd consent forms (see Appendlx A) dnd ubject data forms (see Appendlx B) were




completed prior lo_lcslilig. If subjeets were unable to perform maximal comractions,
‘they were disqualified from the study, -
. | "Pmcl'ice and Warm-llp
Several lescmchem have slatccl the nnpmtunccof allowmg proper pmcmc whcn
.performmg 1sokmct|c 1cqtmg to mumtam whablllty (Axtell, 1984 Brennan, 1983, Pemn,
11993), Bach subjccl Was rcqlurcd 10 parttupdlc in one. pmcucc qcsmon on the Blodcx
1sokmet1c dynamomcler (Biodex Corpo"r'ation). This p'ructice. sessiOn Was sel_Up between
6 p m and 10 p.m. on wcckday cvemngs, when both the researcher and suchcl were
.dvatlable Thls provided thc opportumly for any questions lobc answered by the I
researcher. To bcgin the practicé scssion,.subjccm were read the informed consent form
and then were instructed to read ihe form themselves followcdbysigning, and (Iiiling the
fort‘n if Ihcy understood and agrced wnth the statemcnts. The sexslons conmlcd of & 5

' mmutc Warm-up on 4 qmtlonury blkc followcd by Immslrmg and quadrlceps htretchmg

~Any add_iti(}nal”qucstions.were a__rlSWcréd rég:irding the st'u'dy'._ A minimum of 10

repetitions were com}iletcd with each leg at each of the three lesting s'p;ecds bf 60, 180,
and 300 deg/scc. The first thrc'e of the 10 re’p’el‘itions were to be performed at
dpproxmmtely 50% cffort followcd by 5 repetltmm at approxrmatcly 100% of pclccwed
' effort, w:th two Casy rcpclmons lo finish the sel,

@UIQH ent and Selt_lg
The Blodex nokmehc dynamometer was uuhzed for testmg dif fcrcnc es in pcak '
' torque with knee ﬂexton and'extensson and peak torque/bOdy wcight. The system was

“calibrated prior to each testing session according to the Biodex Application Manual




' (1987) '1 he apptopruttc knco fixture was hccu:ed o the sIm[t with a locklng knob and thc
' bdlanco AT uljustcd uccmdlng to the manuul Tho subJect Was seated to bnng lhc axis of

B lho knee to 1h:, same vcmcal and homonlal pldnc as thc powerhead shaft The scat

'posmon was acljustcd for ward or backwm d dcpcndmg on the lcnglh of the fcmu:. The

fixture was secutcly fixed to the limb wuh thc shin stmp SO thut the C;llf pad was pldced
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o 'proxlmal to the mal]coll and bolow the promment calf muaculdlule The langc of motlon -
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limits were set by lukmg the knee to full oxtens:lon and flexion and ass*uring' proper
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S pos:llonmg and aubjcct comfo:t Flnally. the subjecl was stablllz:t,d with the .uso of thigh
polwc lncl shouldc: straps and was mstructcd to posmon the arms : ;lcro‘;s, thc chest wnth
hands on oppos:lc shouldcrs. Testing thcnoommenced.

. . 'I cstmg_P_ ocedure
Prlor to tho ztctuul testm;, sewon, the Blodex oqulpment Was Cdllbl atcd accordmg :
1o the appllcatlon manual, The test protocol was ex pldmed to each subject as he/she
- performed a 5 minute waml-Up on a Statrona'ry bike and performed hamstring and
~quadriceps stretching, Subjects practiced o’n the equipment at each testing speed, with a
minimum of ten repetitions at each speed prior to the actual testing session, The subject
was oncoumged lo ask quesnom about thc study and each qucstion was answored to the
bcst of the rcsearcher $ dblllty The lmportdnco of maxlma! excmon was eXpIumed and
stressed at this time. The subjeol was properly positione_d for testing of the right knco and .
stabilized on the equipment with Shomder, waist, thigh, and leg straps,, Correction fOr the
effects of gravity were performed by hawng the subjcct extond the nght Ieg as far as

possnble and then a slop button was depressed which allowed the eqmpment to medsurc

'
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thc wclght of thc Ieg The subjecl Wis instt uctcd to relax zmd not move whllc lhc tcadmg,
was made and acccpted by the computex o
F‘or lhc tcc:t the .suchcl was m..su uctcd to per lon m lhtcc subm;xxmml cliorts,
followed by & brief rest period, then tl.n-cc cfforfls of cx_tcnsion and flexion of 1hc right
' knéc at. approximately 95% of perceived effort, This protocol was followed to allow the
computcr to callbrute s to thc gcncml st:ength of the subject Followmg, callb1 cltIOJl lhc
subjcct was mslrucled to pclform fIVL efforts of knee extcnmon zmd knec ﬂcxlon s harl
. and as f'av.t a8 possxble on lhc commdnd of “go, T hcsubjcct was than gwcn 45 scconds
. of rc.st while the tester dd justed the Blodcx cqlupment for 180 deg/sec, Thc tester
-momtored thc subject for comfot‘taml well being‘ unlil the rc'st period was complclc. The
' smﬁe proccdu:cs used at 60 deg/scc were followcd for testing knee canwon Jnd ﬂcxlon
at 180 and 300 deg/sec. Al lhc compleuon of lcstmg at 300 deg/scc, the &ubject Wi
Iremovcd from all slraps dnd asked to stretch the left Ieg dgam. Once the subjcct felt ready
to bcgln (approxxmately 3-4 minutes), the left lcg was positioned on the BiOdcx.
| equipment to complete '_t_'hc Samé lcsling that was done on the.right Icgf

Statistical Analys

Data were analyzed uemg the SPSS 6.0 (1995) stamuc |I compntcr progmm.

- GlOltp means for age, hclght and weight dlong wnlh pe.-.lk torque valueﬂ tor edch muscle

- grcup, peak torque/body welght for edch muscie group, and the KF/KE strcngth ratio for '
o both nght dnd left legs were calculatcd Slgmf“ cant dlffercnces in the pedk torquc values
- and peak torquc/body welght dt 60, 180 and 300 deg/sec among the te‘;tmg gmUps were

detcrmmed with the use of a two- wdy ANOVA with lepedted meaeurcq. A two way '




ANOVA Wll]l ICpCdILd measmca was also used to idcnllly Hny slg,mt“ cant dltlucnccs m

KF/K['*‘ ratio f01 euch Icg, HCIOSS cuch of thc lhtcc tcslmg speetlx A Fisher’s LSD pm.(-

hoc test was uscd 10 detcrmi__nc significant dif fere_nCcs. |
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~ CHAPTERIV
RESULTS AND DISCUSSION
Introduction
~The purpose of this study was to identity and compare the peak torque of the KT
and KE muscle gronps rclil,tivc to body wel gm, and to cslablish and c:ompztrc' the strength

ratio created by thc KF antl KB musclcs between 3 gloups of ] unncu.. The data were

collccled on both right and left lcgs over lhrcc lcstmg qpccds of 60, ]80. an(l 300 (lcg_.,/sw
Duta wcrc'collcc'lcd'using the Bioclex isokincti_c dymlmomélcr and analyzed with the use
of a WO way ANOVA' wi(h repeated measures for significance along with Fisher’s LSD

"'po.sl-hoc test {0 i_de'n_l_it‘y spccific differences, Each_of the three mule and female groups '

were tested in the same manner during a one month period of time which occurred at the
end of a full indoor season and before the beginning of the outdoor track season,
- --S’ub]e(:t's

" A total of 50 'i}lleCCl‘s volunteered to pamcnpatc in lhe sludy at the University of

- Wisconsin- La Cros';e. Ag g,oal of' elghl subjects for cach testing group was cstabllshcd

prior to subjcct rec:rllitment smd was achieved-in two groups, with mc exccpli()h OF the

male sprmters. Two male qprmter.s withdrew from the study for del of |n|ury which mtght

_lnmlt lhelr competitive season, Ieavmg only seven subjects wnllmg to participate in thls .

group. Ther‘efore, the total n"tlmbcr of subjects reached 48. Boththe'Sprinl and distance




' grbnps had high fitness levels as . result of recenlly completing a full indoor track scason,

The control g g,toups had a modetale fitness leve] established by then 1eporledly running 2-

-4 limes per week, Group ehnmelet istics can be found in lbe Metho{ls section undcl the

' ”_headm,g, subjcels, '

Peak I‘oxgue/Body Welgl

Peak tonque dala at 60 deg/.see for deCS dnd females an bc found in Appendlx C

mtd D respectwely The male spr inters hacl the g:eatest mean wllue.s for both ught and

o left KF and KE mmcle groups. FhClI‘ r:ghl KE peak torque/bocly weight value was feund .

f to be ]03% whleh was 14.4% gredter than the left KE value. This was lhe only lp‘sl]dtcml
stlength rat_lo unbalance greater than 10% wbieh N unn 'and Mayhew (1 988) slated conld
predispo*“e an athlete o injury. -I

A two -way ANOVA wnth repedled measn:es was used to deterr nnne signifi icance

“onall right and left KE peak lorque/body weight dcltil. A significant dllference (p < 05)

'wm found between groups and .speedn: A ther S LSD post-hoc ana]ysm Was performed '

and a S| gmf 1e‘1nt difference between lhe groups wnq found to cxmt between the nmle

'.sprml group and all female g:oups In the study A elgmﬁcant dlfference was also found

'between the tesling speed of 60 deg/ sec and speeds 180 dncl 300 deg/sec, however, no
slgnmcdnt difference was 1dent1F ed between 180 deg/sec and 300 deg/see The dnalysm
of the leﬂ KE peak loxque/body welght data found g *ngmf“ icant dlfference (p < .05)

| between both group and speed vartables. Male sprmterq were found to be mgmﬁcantly
different than all female groups with the use ofa Fisher's LSD post-hoc analysis. This

‘post-hoc analysis also identified male distance runners as 'signi ficantly different than
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lcnmlc drslclnce runners, The speed vzumblc dl”CILI]LC was identified with the post- hoc
.. dn.:llysm to lie between 60 (lcg,/..scc and holh 180 dcg,/aec und 300 dcg/sc,c No other
dlﬂ‘clenccswmc ulcntlllcd Both the llghl and I{,tt KE pcak lmquc/body wenghl dalu
hhow lhemalc Sprint gloup were dlﬂcrcnltlmn .;1!1 [cmule 2roups. Pcak lorquc/body
welghl ddladcucuscd (s thc, testing spcccl mcrcascd but it did not ug,mmantly (Icacdsc
ﬁom [80 dcg_,/sec to 300 deg/scc which was cxpccte(l
Bolh nght and left KF musclc gtoup data were zmalyzcd and a slgnmmnt

diffex ences (p< OS) belwcen the groups dnd ..spccds R dth(WCle(l Thc use of a
Fisher 8 LSD post-hoc analys:s 1dent1f“cd the group differences belwwn ihc male
sprmtcls and all female gtoups. It also 1dem|fae(l the male distancc group A sngnlﬁmnlly '
, dlff@it:ﬂl than thé lemnlc dmtancc {,IOUP Slgntf‘cant dlf[’clences In | the spccd vmmble
' were found between 60 dt*g/scc and bolh I80 deg/su;: and 300 degscc. Findlly lhc left -
KF fnuﬂcle group data were andly?cd with the use of a two way ANOVA with ICpG:llC(l

~ measures Wthh tound .slgnlflcdm dllfcrcncc.s (p < .05) between group and speed

- variables, A Fisher’s LSD post-hoc test was used to ide'nlif'y where the differences .

existed, The male sprinters and distanéc runners were found to be significantly different
than both the female cont:ol and dmtance gloup.s. Amgmﬁcanl dlf fclence In the spcc.d
.vai*lable w;ls found between all three speeds. The left KF pcnk to: que/body wclght mean
data for all groups were <;1gn1f|c.;mtly different at 60 deg/sec, ]80 deg/scc and 300
deg/sec. Figures | and 2 depicts pcak torque/ body We_ight values for the male and female .

runners for all speeds,
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Figure 1, Peak Torque/Body Weight of Male Subjects,
& Rt. KE Control ~ + Rl KE Distance 4 Rt. KE Sprint
- 4 LLKE Control  * Lt, KE Distance % Lt KE Sprint
M'e'un peak torque datu _Fdr both right and lef { KE muscles are ilTustrated in
I‘ablu . The male spr int gmUp lmd the lmgebl mean peak lo:quc values ut 172.0
toot/pountls (l‘t 1bs) tollowecl by the male distnncc g1 ()llp. The fcmnlc distance group had
'lhe mnnllc.st mcun peuk lotquie vnluu, at 89.0 ft-1bs. Mcun pcuk lonquc dula for both right
and Ief‘l l(l* youpq are depicted i'n Table 3. The male sprint lgr(’)up had thé largest 'pe_uk
torque _\kulucs At 92,1 fi-1bs followed by the male distance runners at 76.8 ft-Ibs. The

femule distance runners had the lowest peak KIF values at 49,9 ft-1bs.
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Figure 2. Peak Torque/Body Weight of Female Subjects

# Rt.KE Control + Rt, KE Distance ¢ Rt, KE Sprint
a Lt KE Control  + Lt KE Distance  w Lt. KE Sprint

Tablo 2. Knee Extensor Meun Peak Torque Data at 60 deg/scc.

~Group © Right KE S.D.

Mule Control _ 1410 265

Fenmie Control - 104.0 IG.S _

‘Male Distance 1433 16,7
Female Distance 89,0 16,
Male Sprint~ 1720% 26.1

Female Sprint. 970 19,8

Range _".Lc'f‘t KE  S.D. Range

07187 1334 253 11219
75119 970 145 73113
114-162 TR 185  104-154
68-120 87.5 139  68-84
136214 151L4% 143 133170

77137 959 166  81-129

* Significantly different than all female groups




_Table 3. Knee Flexor Mean Peak Torque Data at 60 deg/sec

~ Group Right KF  S.D. Range  Left KF . S.D.  Range

© MaleControl 741 132 5596 740 134 60-97

Female Control 516 7.0 4261 496 78 30-57

B MuleDistance  768%% 9.0 6091  740%% 94 57.85

Female Distance 499 9.0 33-63 481 93 316l
© MuleSprint 921% 95 82106 856 81 77-96
Female Sprint 528 80 40-6] 504 S0 43.57

.*_ . S1gnitlcunl]y d t'i-lotcnt han ail fcmulc groups. )

% Significantly different than only the female distance group

%k Sipnificantly different than I‘cmnle control and (I]htnncc gronps.
. . - KF/KE Stmnglh Rallm
The KP/KL sucnglh ratios dutu on both llghl and lcit legs for all six expcnnmntul
groups are liste(l in Table 4, ."lf‘h'c right KF/KE data for all groups were unlulyzed with )
two-way ANOVA with repeated miensures, A significant difference (p < .05) was found '
' in Lhe nmih crl‘cmol‘ speed. No signiticant dif fcrcn'c'c (p > .05) was found between grollp -
mean (Iulu for lhe rigli KF/KI?. strength ratios. The M[,nmcunt duflclencc wn'-. fou] wnh'.'

the use o!‘ i Post- hoc et bctwcen 60 cleg/scc nnd both 180 clcgscc anel 300 dog/scc

There was no signifi lcnm (liiicrcnce between speeds of 180 and 300 deg/see.




‘Table 4. Mean Data for the KF/KE Strength Ratios at 60 deg/sec,
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Male Control .52 0 4859 56 06 .51-65
I Female Control ) 06 . 51 - 47-59
Male Distance 3 05 4864 54 04 456
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The left KF/KE ddla for all six gloups were analyze(l and « slgmllcanl dttfetencc
- (p < 0‘3) was iound within the speed varmblcs. No mgmﬁcunl dnffercncc (p > O‘S) was
' iound bctwcen the gmups. A Fisher's poel-hoc test wu.s done to u.tnbhsh thc location of
- the (Ilﬂcrences in the &pccd var mb!e.s.. Il was ehld’J]lShLd lhdl the slow speed of 60
. dcg/s,cc Wllb sngm[:camly dnf ferent than 180 dcg/scc and 300 dcg/scc._ T hcrc were o
(lliielcnces bctwcen speeds of 180 dc;_.,/,.scc and 300 dcg,/,scc (p > O‘S) Tablc 5 |llusl1atc,5
'the KF/KE vulucs for nght dncl left legs for all groups.
_Q_isctnss{i'on 0_[ Results
The |c'~.ult.s obtumcd Irom umng the Blodex isokinetic eqmpmcnt o test for pcuk
tmquubody welg,ht shows lhnt lho mnlu sprmt g:ou;y had the gtcalcst mein pcnk torque
and mean peak torque/body weight ratlo‘ These subjccls hu(l the gtcalcsl weight it 168 4
pounds and thclclom would be expcctcd o Iuwc } Iut&,cr pcuk [e] que. thn compurnu,
. llhe P nk lo:que/body wc:ght the mulc spnnleu ugum hud the g greatest vulucs bcmg
' su,milcunlly (P < 05) &,lLillCI thun ull icmule groups. Thcsc dnla comsponda 10 wlutt
Bu.hop (I‘)B’%) found wuh male subjccts huvmg glculcr qtlcnglh vnluca. Bu:hop I‘mmd lhc '
' clllfc_tcnc es 1o ar ise from 1he lurger amount of lean nm'scle’ muw in male qltbjc'clq. It can
not be dctelmmcd if this is the cause of thc ditfmcnccs found hclc wnhout thecollccuon
of body compoxnmn mcusurcmcnts in lhis study, It iy stmngly suspccled llmt the lean
body wcu.,,ht ol’ thc nale aubjccts Wi g,tcuter, lhc:clom ul]ownu, for mg,niﬁczmt

d_:f‘l‘clcnccs among male sprinters and dlstmwe runners il lheir female coumcmurlé for
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The results of this study correspond with other researchers (Aagmnd ct al 199"3"
Knaplk & Rdmos, 1980 Moms et al., !983) concemmg the decreased gcncmtton ot pcnk o

tonquc a8 thc speed of testing muc.-.med Fon all KF und KE muscle groups, thc:c wm

- ugmtlcant dec:edse m the peak torque/body wclghl wn*mble from 60 dcg/scc to 180

o deg/sec dnd 300 deg/sec, howcvu thc:c was not Q .slgmtlcunt (Ilftclcnc ¢ a8 the speed of

' testmg mcreased hom 180 dcg/sec to 300 dcg/.scc cxccpl for thc Iett KK huscles. For th'c

o Ieft Kl* mu.sclcs lhcrc was i slgnlhcunl dif tetmcc between : dll tlnee .spccd.x. ’[‘hc peak

toxquc/body wclghl valucs were vel 'y .snmlm* bctwecn 180 dc.g/ ec and 300 dcg/séc exeept

In the left KF muscles._ .

The cslubllshmenl of normative data by Rnnkln and l‘hompson (198'3) have

- mudc it morc umul to measure the KF/KL .st:cng,th ratios 1~.okineuwlly Thetr data on
lmc,k dlslancc nmnels repotted KI"/KB mtms of 64 at 60 dcg/scc un(l 88 it 300 dcg/scc.

The data co]lcctcd in this .stucly .s.how a ratio lower llmn l(‘pOllc(l by Runkm and

B Ihomp:son (198?)0f 54 for both 1ighl und ]cit leg.s it 60 dcysc and .62 untl 63 for
“right and left legs at 300 deg/sec. .I he d_uta h"om lhis study had 'signif icanl(lil‘fercnccs
among the speed vut mblc bui, no mgnif icant d:ffcrcnccs umong the gioups. lhc Kl”‘/KL
stlenglh ratio datu hom 180 deg/.scc and 300 <lcyhc¢ WeI'e .sigml“ mmtly greater thun data
collected at 60 dek,/.scc but. not sigmticunlly thttctenl lrom euch othet. Othcx tesemchcrs
"I(Monls ol ul.. 1983, Wyatt & Edwards, I981) Imvc found tlml s lhe u.pccd of testing

Incwnscd to uppl oximuwly 300 (Ieg/.sec. thc KI /KE rutio’ increased (o near | l. 'I"hc '

degrcc o which the ratlo increases vm*iu. (rom study to slutly und hus been noted to

incrca.sc less when con*cclion for gmvity has been npplicd o the datu. lhe data in thls




o .s,tudy were correcled For the ettccls of gmwty and trc:

mrc tollow Q paltem more c]oscly

to thut tepm lcd by Appen and Duncan (l986) who reported thut there | s lCSh variability in

the KF/KE ratlo when the 8t zlwty cm‘rectcc! method 1S u.s.cd




CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The _pt'l'n)t;sse of lhisstudywas to identify and compurcthc pouk-lortmc values
o rclulwe to body wclght, ,st:cng,th muos of the ipsilateral KF muscles and KE musclcs, zmd
thc mfluence of testing al 60 de},/.aec, ISO dcg/hcc, and 300 deg/sec in control, di,.«.luncc
a_nd_ sprmt-tr:»__um,dg! oups.- bubjec_s were mlormed of thc purpose of lh'c' study and asked
to p:lrllmpulc in Onc prucmc hC&MOll pl 10: to teslm;_, whw mcluclcd (H) lcpcmtom ot
:,xtcnxion ;md ﬂbXIOI'I of the knec at each hpced f or both ught and left leg,s. A totul of 48
subjectwolunlc"cred Lo pmtmputc in lhe study with oniy ) blthCLlh wllhclmwnig Datu
were collected over n 3 wcek p’erlod of ume during the carly pm'l ol‘_lhe 'outd_om'* tmck
' season. Subjects wcmrcquncd Lo wmm-up on A stationary blke lor 5 minutes tnd l.hcn'-

.sttetch then Immsuim, y andl quaduc eps muscles pnm 1o testlng le:sung, bc;_,un a[lu*thc '
subjcct wis p'rop'crly struppcd lo the equipmcnt with 'Ieg, thigh, wulst. and two shoulder
straps. Subjccls placed lhcn* arms across their chest in the cluhsw lesting pomtmn. '
. Concclion for g g,uwlly was parfor mcd by mcumumg the static Hmb wolgh! of the Icg al .
fully cxlcndul position, The duta were uutomnlically entered into the m.sullmg lmque

values obluincd by the computer,




‘Subjects performed three submaximal efforts of knee extension and flexion at 60

' dcg/sca followed by three efforts at approximately 95% of maximal effort to establish an

:tpproximale. torquc range for the computer., _Approxinmlél y |5 seconds after the

~ completion of this set,ihc:subject was asked to extend and flex his/her leg “as hard and as

~ fast as possible” for five repetitions. The subject whs then given 45 seconds rest before
the next series of testing was done at 180 deg/sec. After testing at 180 deg/sec the same

procedure was performed at 300 dcg/SeC. Following this test, the straps were taken off .

Lthe subject and he/she was i\llowe(l' L0 streteh t'h_e left KF ut1d KE muscles nrior to the

sume lesting sequence being performed on the left leg,

Data were collected and analyzed for the purpose of identifying and compuring

the 'pe’ilk torque of the KF und KE muscle groups relative to body weight, and to establish

und compare the strcngtﬁ t‘a\lio CI'*c_mcd by'l'h'e KF and KE muscles between three groups
of runners. A two-way ANOVA with repeated measures was used to detect signif i'cani
ditferences among any of the six groups ncross all three speeds for peak torque/body .
welght duta, There was u significant difference (p% 05) between the Broups; hei’we, a
Fisher's LSD poslluhoc lest was performed to detect where the difference oceurred, It was
concluded that the male sprint and male distance group had significant differences
compared to the female control and female distance proup, A two-wiy ANOVA with
repeated measures also identitied significance (p < .08) within the speed variable, A
Fisher's LSD post-hoe test was performed to identify where significant differences
oceurted, Significant differences occurred between 60 deg/sec and 180 deg/sec as well ng

60 deg/sec and 300 deg/see for peak torque/body weight, There were no significant
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| (lifferenccsfound between 180 degy/sec md 300 deg/.scc wuh the exception of lhc Icil Kl"
mmclc group, WhICh had mgmhcant differences bctwccnall spccds.
. The |p3|lulcral s.lrcngth mlms of thc KF and KE muscle gmup.s wete cu!cululul
,'usmg, thc gy oup mean peak tmquc (latu al cach of the thlce testmg :spccd.s. A {wo- wuy
ANOVA with :epeated measmes wus used {0 dctcu for slgmhcancc. Slgnmcanc
 (p < 05) was dutcctcd ro: .speecl only A l’:shcr*s LSD posl hoc mmlym was puim mcnl
and deter mmed lhat both right und left KF/KE .s.uongth ratios were sng,m!“ cantly (ll[lOILI'll
- bctwecn 60 deg/.sec und 180 dcg/xec 1K wcll as 60 dcg/.sc and 300 dey.scc I’cuk
'lmque/body wclg,ht datu at 180 (lcg/scc wils not slgmhcuntly clnlfc[cm than at 300
'deg/scc, . I
Conclusions
" Based on the statistical analysis of the du_tu the f_ollowing ccmclu,s:imm were
reached: . ' .

1. Relative stiength of the KF and KE muscle groups was signiticantly different

among control, sprint, and distance group based on gender only, No differences

lie within groups 0!‘ the same gencer,
The wlutwc strength of thc KF nnd KE mu.scle gt(mps did change thl()\h tchlm&,
spceds of 60 dcysw to 180 llbg/hCC tmd 60 (leg/scc 10 100 (Ic,g/.scc
in right KF and KE muscles and left KF muncles. In the left KI nm.wlcs

_ slgnlﬂcunl (ltlfuemca exist bclwccn all lhlc ¢ {esting apccda




The'rcwns ho sig'ninc \nt d1fference bctwcm all $iX gloups when anulyung the

- 1p:~.1]¢ltcml KF'/KF s.ttcngthmlms. All groups Iuwe wlutwely {hc same bumc

' KF/KE stlcnglh atios.
- ,'l here 'wu's_ ) mg;nmcam Increase in the ipsilmcml KF/KE st'rcngth ratio from 60
deg/set: td 180 dcg/sec and 300 deg/sec but not between 180 deg/sec and 300
dcg/sec A si ,g,mflcunt II]CI‘CHHL wais not found | In the 1pulaltersll KF/KB xlrcng,th

ratio across ll] tc.slmg, spccclh

| eéol'nmcndutiom

m

Buscd upon the results of this nwcsuf,uuon, lhc tollowmg recommendations fox i

' I‘ utute study were made:

., Asimillurinvcstigation should bc pci'f ornied using the same subject groups but
with 1 larger number of totl subjects in cuch of the SiX groups.

 Asimilu investigation should be done with open-kinetic-chain exercises to
compate differences bctwccn open and closecl-kinetic-chuin exereises, .
A similar hwcsm_,nnon should be pcnlm med with subjects :ccuving greater

-motwuuon lo perform maxlnml e[‘loll for eech of lhc {est IL[)L‘HIIOI\S.
A similar investigation should be performed with subjects who have g grenter

degree of experience using isokinetic equipment,

A similar Investigation should be performed which utilizes fuster speeds than was

~used in this study.
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Sprinters and Distance Runners I
- INFORMED CONSENT

~ Isokinetic Evaluation of the Knee Flexors and Knee Extensors of Male and Female

B I_.. S, iv‘e"my_ informed consent to participate in this study to
~test the strength of the knee flexors and knee extensors of sprinters, distance runners. ang
& control group. I consent to publication of study results so long as the information il: '

- anonymous and disguised so that no identification can be made. 1 further understand that
a_lthough arecord will be kept of my having participated in the study, all experimental

data collected from my participation will be identified by number only. ' o
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o [ have becn. inlf_otmc_d that participation in this study involves my performing five
maximal efforts will of knee flexion and extension at 60, 180, and 300 degrees/second
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with both the right and left legs at separate times.
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: -I. hlave'bcen _informcd that the general purpose of this study is to identify the imear
p_e_a_k' torque, strength ratios of the knee flexor and knee extensor muscle gfciup's and
refative strength of these muscles in sprinters and distance runners in corlipall*isc)‘rl (o a
normal population, ' - '
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~ T'have been informed that during the strength testing, I may feel tired or light

. !wa_dcd. There are minimum identified risks involved with isokinetic strength testing
including muscle strains, muscle spasms, and fainting. These risks and discomforts will
be minimized by incorporating a warm-up, stretching of the hamstring and quadriCeps

‘muscles, and administering of the test by trained personnel.

- Thave been informed that there are no “disguised” procedures in this experiment.
All procedures can be taken at face value. '

~ Thave been informed that the investigator will gladly answer any questions
regarding the procedures of this study when the experimental session is completed,

| I ha'jve been informed that I am free to withdraw from the experiment at any time
without penalty of any kind. '

Concerns about any aspects of this study may be referred to James Kluckhohn at 782-
2611 or Dr, Marilyn Miller at 149 Mitchell Hall or 785-6527.

Experimenter Experimental Participant
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SUBJECT DATA FORM

Name: - Testing time/date:
- | | | (Fester use oply)

Age:

‘Height: '

Weight:

Years of Track Expcrience:

l. What are your main events for the 1997 outdoor track season?
2. _Whut are your best performances in these events?
3. List any injurics in the past year that have kept you from competing.

4. If you are not part of the UW-La Crosse track team please list the number of times you

TN or jog per week.
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MALE PEAK '] ORQUE/BODY WEIGHT DATA A [ 60 DEG/SFC

- Male Contro! Peak I‘oxque/Body Weight

RT LT RT LT

- Subject Age Hclghl Weight _ KE/BW _ KE/BW __ KI/BW KF/BW
2l 66 1T 19 12 6
21 74175 89 7 3”11 'Sfé
25 67 132 g 89 42 4
24 72150 S84 75 40 g
18 70 160 84 84 41 44
25 71 157 81 871 5] 46
20 70 180 9 76 46 47
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Male Sprint Peak Torque/Body Weight

1 200 69 170
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~ APPENDIX D

FEMALE PEAK TORQUE/BODY WEIGHT DATA AT 60 DEG/SEC




FBMALB PEAK TORQUE/BODY WEI("'HT DATA A'I 60 DEG/SLC

Female Conlrol Peak Torque/ Wc1ghl o : ' )
RT Lr RT LT

Age Helght Wetght KEJBW _KEBW  KFBW  KFBW

2
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—a
0
o

00 ~1 QN AW N — l_

‘Means

Female ___[_)_Lstﬂnce Peak Torglué/ Body Weight

98
00
.59
65
56
13
69
.60

l
2
3
4
5
6
7
8

Means

20

21
23
21

- 22

20

23
25

20
[9
20
LY
22
19
2]
2|

20.]

66
03

66
63
64
64

67
65

219 64.8

66

66
63

68
65
64
63
68

65.4

140
166

118

141

137
130

140

117

136, 1

123

134
128
125
115
124
98

130

122,

84
5]

64
74
85

.89
85
.85

77

3

Female Sprint Peak Torque/Body Weight

I
2
3
4
S
6
7
8

18
18
20
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19
21
19
22

19.5

64
67
06
66
63
035
68
08

66. |

117
13]
119
127
135
120
|36
145

128.8

77
.49
02
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g8
83
.81
82

72

33
27
36
35
39
47
42
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38

39
23
3]
33
39

44
39

48

37






