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Effect of Age on Isokinetic Concentric
and Eccentric Strength of Knee Muscles

in Soccer Players

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: Soc cer is wi dely con si de red to be the most po pu lar sport in the world. Se -
ve ral in ju ri es ha ve shown that musc le strength is af fec ted by se ve ral pa ra me ters such as he ight,
body mass, do mi nant leg and age. The pur po se of this study was to in ves ti ga te the ef fect of age gro -
ups and the dif fe ren ce bet we en the con cen tric and ec cen tric iso ki ne tic pe ak tor qu e va lu es of qu -
ad ri ceps and hams tring musc les on do mi nant and non-do mi nant legs of men soc cer pla yers. MMaa  ttee  rrii  aall
aanndd  MMeett  hhooddss:: 102 (19.71 ±  3.8 ye ars) soc cer pla yers par ti ci pa ted in our study. The pla yers we re di-
vi ded in to fo ur gro ups as 15-17 ye ars (n= 34), 18-20 ye ars (n= 35), 21-23 ye ars (n= 16), 24> -ye ars
(n= 17). Iso ki ne tic con cen tric and ec cen tric musc le strength of qu ad ri ceps and hams tring musc le
gro ups ha ve be en me a su red at an gu lar ve lo ci ti es of 60 deg re e/se conds (5 re pe ti ti ons). The ob ta i ned
da ta was analy zed using SPSS (Ver si on 13.0; SPSS Inc.) soft wa re. One way analy sis of va ri an ce was
app li ed for each de pen dent va ri ab le bet we en dif fe rent age gro ups. Post –hoc Tu key tests we re used
in or der to de ter mi ne any sig ni fi cant dif fe ren ces bet we en gro ups. Iso ki ne tic strength va lu es of do -
mi nant and non-do mi nant legs ha ve be en analy zed by using pa i red t-test. For all analy ses, the sig-
ni fi can ce le vel has be en set as p< 0.05. RRee  ssuullttss:: The re sults of our stu di es in di ca te that the re is no
va ri a ti on bet we en the ec cen tric and con cen tric pe ak tor qu e va lu es of fo ur dif fe rent age gro ups. It
has be en ob ser ved that the con cen tric pe ak tor qu e hams tring va lu es of the do mi nant leg are hig -
her than the va lu es of the non-do mi nant leg (p< 0.01). No dif fe ren ce has be en en co un te red in ec-
cen tric pe ak tor qu e va lu es of do mi nant and non-do mi nant legs (p> 0.05). CCoonncc  lluu  ssii  oonn::  The re sults
pre sen ted that musc le strength may re ma in unaf fec ted by age. Ac cor ding to the re sults, it has be -
en es tab lis hed that the con cen tric musc le strength va lu e of the do mi nant leg is hig her than that of
the non-do mi nant leg. Fu tu re stu di es sho uld be car ri ed out with in cre a sed num ber of age gro ups
and num ber of pla yers.

KKeeyy  WWoorrddss::  Soc cer, age, musc le strength, iso ki ne tic, ec cen tric, con cen tric. 

ÖÖZZEETT  AAmmaaçç::  Fut bol, dün ya da ol duk ça yay gın ve po pü ler bir spor dur. Bir çok ya ra lan ma da kas kuv -
ve ti nin boy uzun lu ğu, ki lo, do mi nant ba cak ve yaş gi bi pa ra met re ler den et ki len di ği gö rül müş tür. Bu
ça lış ma nın ama cı, do mi nant ve non-do mi nant ba cak lar da ku ad ri seps ve hams tring kas grup la rı nın
kon sen trik ve ek sen trik izo ki ne tik “pe ak tor qu e” (kuv vet) de ğer le ri ara sın da ki far kı ve ya şın et ki si -
ni in ce le mek tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ça lış ma mı za 102 (19.71 ± 3.8 yıl) fut bol  oyuncusu ka tıl mış tır.
Oyun cu lar 15-17 yıl (n= 34), 18-20 yıl (n= 35), 21-23 yıl (n= 16), 24> yıl (n= 17) ol mak üze re dört gru -
ba ay rıl mış tır. Ku ad ri seps ve hams tring kas grup la rı nın izo ki ne tik ola rak kon sen trik ve ek sen trik kas
kuv vet le ri 60 de re ce/sa ni ye lik açı sal hız lar da beş kez tek rar edi le rek öl çül müş tür. Ve ri ler SPSS (13.0;
SPSS Inc.) prog ra mı kul la nı la rak ana liz edil miş tir. İki grup ara sın da her ba ğım lı de ğiş ken için var yans
ana li zi uy gu lan mış tır. Grup lar ara sın da ki far kı be lir le mek için Post-hoc Tu key tes ti kul la nıl mış tır. Do -
mi nant ve do mi nant ol ma yan ba cak izo ki ne tik kuv vet de ğer le ri pa i red t-test ile de ğer len di ril miş tir.
Tüm ana liz ler için an lam lı lık dü ze yi p< 0.05 alın mış tır. BBuull  gguu  llaarr::  Ça lış ma mı zın so nuç la rın da dört yaş
gru bu ara sın da kon sen trik ve ek sen trik kuv vet de ğer le rin de fark bu lun ma mış tır. Do mi nant ba cak
hams tring kon sen trik kuv vet de ğer le ri non-do mi nant ba cak de ğer le ri ne gö re yük sek bu lun muş tur
(p< 0.01). Ek sen trik kuv vet de ğer le ri ara sın da fark bu lun ma mış tır (p> 0.05). SSoo  nnuuçç::  Bu so nuç lar kas
kuv ve ti nin yaş tan et ki len me ye bi le ce ği ni gös ter miş tir. Do mi nant ba cak ha mis tring kon sen trik kas
kuv ve ti de ğer le ri non-do mi nant ba cak de ğer le rin den yük sek bu lun muş tur. İle ri ça lış ma lar da fut bol
oyun cusu sa yı la rı ve ya yaş grup la rı art tı rı la rak in ce le me ya pıl ma lı dır. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Fut bol, yaş, kas kuv ve ti, izo ki ne tik, ek sen trik, kon sen trik
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oc cer is one of the most po pu lar sports which
pe op le of all ages can play. Pla yers ha ve to
per form se ve ral com bi na ti ons of mo ve ments

li ke sud den fe ints, stops, starts, du els, sprints, jumps
and kic king. Musc le strength is ge ne rally emp ha si -
zed in pre ven ti ve and re ha bi li ta ti ve prog rams for
ath le tes. Strength tes ting is a ro u ti ne pro ce du re for
soc cer pla yers. Iso ki ne tic dyna mo me ter al lows the
as sess ment of musc le func ti on when the jo int is un -
der cons tant an gu lar ve lo city con di ti ons.1-6 Ge ne -
rally qu ad ri ceps-hams trings pe ak tor qu e (PT), pe ak
tor qu e/body we ight (PT/BW) va lu es and hams -
tring/qu ad ri ceps (H/Q) ra ti o are as ses sed in iso ki -
ne tic dyna mo me ter analy ses. 

Musc le strength and mass are highly inf lu en -
ced by tra i ning du ring pu berty, es pe ci ally in ma -
les. Strength is ge ne rally ma xi mal bet we en 20 and
30 ye ars of age. Musc le mass typi cally dec re a ses by
30% bet we en ages of 30 and 70 ye ars.1,7 In fact; iso-
ki ne tic musc le strength me a su re ment va lu es be co -
me gre a ter as age in cre a ses in yo ung adult.8 It has
be en re por ted that in ge ne ral strength is af fec ted
by ant hro po met ric pa ra me ters such as he ight, limb
length, body mass and musc le mass. Ho we ver, the -
re has not be en ex ten si ve in ves ti ga ti on on the kne -
e strength de ve lop ment with age using iso ki ne tic
dyna mo me ter.1,7-9

Asy mmet ri es in strength bet we en qu ad ri ceps
and hams trings musc le gro ups ha ve be en re gar ded
as pre dis po sing fac tors for in jury in soc cer pla y-
ers.10-16 The H/Q strength ra ti o has be en used to as-
sess kne e func ti o nal abi lity and musc le ba lan ce.
This ra ti o has be en ex pres sed con ven ti o nally as
con cen tric hams tring to qu ad ri ceps strength and
mo re re cently as func ti o nal ec cen tric-hams tring to
con cen tric-qu ad ri ceps strength and con cen tric-
hams tring to ec cen tric qu ad ri ceps ra ti o.6,10,11,14,17,18

One of the two pur po ses of this study was to
eva lu a te the ef fect of age on the iso ki ne tic con cen -
tric and ec cen tric musc le strength. This pur po se has
be en ac comp lis hed thro ugh iso ki ne tic tests. Se cond
pur po se of the study was to exa mi ne qu ad ri ceps and
hams tring strength im ba lan ce bet we en fo ur age
gro ups. This exa mi na ti on has be en con duc ted by
the use of tra di ti o nal (con cen tric HCON/QCON and ec-
cen tric HECC/QECC hams tring-qu ad ri ceps), and func-
ti o nal (ec cen tric-hams tring to con cen tric-
qu ad ri ceps HECC/QCON and con cen tric-hams tring to
ec cen tric-qu ad ri ceps HCON/QECC) ra ti os. Anot her
pur po se was to in ves ti ga te the dif fe ren ce bet we en
the do mi nant and the non-do mi nant leg iso ki ne tic
musc le strength va lu e of the study gro ups.

MA TE RI AL AND MET HODS

SUB JECT

The study gro up con sis ted of pro fes si o nal pla yers
from fi ve soc cer clubs of the Pre mi er Tur kish Fo ot-
ball Le a gu e. One hun dred and two eli te ma le soc-
cer pla yers, me an age 19.7 ± 3.6 ye ars we re
me a su red. The pla yers we re di vi ded in to fo ur gro -
ups: Gro up 1 (15-17 ye ars; n= 34), gro up 2 (18-20
ye ars; n= 35), gro up 3 (21-23 ye ars; n= 16), and gro -
up 4 (24≥; ye ars n= 17). Physi cal cha rac te ris tics of
pla yers are pre sen ted in Tab le 1. The ath le tes ha ve
vo lun ta rily par ti ci pa ted in the study. Pri or to the
tests, the ath le tes ha ve be en exa mi ned by the ir te -
am doc tors and the ir me di cal con di ti on had be en
ap pro ved for par ti ci pa ti on in tests. No ne of the pla -
yers had a his tory of in jury of the lo wer limbs. Lo -
wer limb do mi nan ce of the pla yers was no ted.
In for ma ti on on the pro ce du re was gi ven to pla yers
pri or tes ting. They we re as ked to ref ra in from vi g-
o ro us exer ci se 24 ho urs be fo re tes ting.

Age (years) Weight (kg) Height(m) BMI (kg/m2)
Group N Mean ± SD Mean ± SD Mean ± SD Mean ± SD
1 (15-17 years) 34 16.4 ± 0.8 67.5 ± 6.4 1.75 ± 0.1 21.9 ± 1.5

2 (18-20 years) 35 18.7 ± 0.8 69.3 ± 6.0 1.76 ± 0.05 22.2 ± 1.3

3 (21-23 years) 16 21.8 ± 0.8 72.6 ± 8.5 1.76 ± 0.06 23.2 ± 2.1

4 (24≥years) 17 26.0 ± 3.0 75.9 ± 6.5 1.77 ± 0.06 24.0 ± 1.3

TABLE 1: Physical characteristics of players.

BMI: kg2/m
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ISO KI NE TIC TES TING 

Con cen tric and ec cen tric PT of the qu ad ri ceps and
the hams tring musc les was me a su red using the Bi -
o dex System 3 iso ki ne tic dyna mo me ter (Bi o dex
Me di cal Systems, Inc., New York, USA) at an gu lar
ve lo ci ti es of 60 deg re e/se cond. All tests we re per-
for med du ring se a ted po si ti on. The trunk, thigh
and ti bi a we re sta bi li zed with straps in or der to
pre vent ex tre me jo int mo ve ment. Ori en ta ti on of
the dyna mo me ter was kept at 0°, tilt at 0° and se at
ori en ta ti on at 0°. Ran ge of mo ti on of the kne e jo int
was fi xed from 0o to 90o (0o= fully ex ten ded kne e).
Axis of ro ta ti on of the dyna mo me ter was alig ned
with the la te ral fe mo ral cond yle.5,6,11,18,19 Be fo re the
tes ting pro ce du re, all pla yers war med-up for 5 mi -
nu tes on a cycle-er go me ter and stretc hing exer ci -
ses of the lo wer ex tre mi ti es (hams tring, qu ad ri ceps,
gas tro so le us, and hip fle xor and ex ten sor musc les).
Tes ting pro to col con sis ted of thre e sub-ma xi mal
and fi ve ma xi mal con cen tric and ec cen tric re pe ti -
ti ons of the kne e ex ten sors and fle xors. Be fo re each
test, the ath le tes had ti me to ta ke a ten-se cond bre -
ak to rest. In each an gu lar ve lo city, the best PT of
the fi ve test con trac ti ons was re cor ded for da ta
analy sis. The pla yers had vi su al fe ed back for the ir
mo ment sco res on the com pu ter and we re ins truc -
ted to prac ti ce as hard as pos sib le.1,18,19 PT (nm),
PT/BW, (nm/kg), both con ven ti o nal (con cen tric
and ec cen tric hams tring qu ad ri ceps HCON/QCON,
HECC/QECC) and func ti o nal (ec cen tric-hams tring to
con cen tric-qu ad ri ceps HECC/QCON and con cen tric-
hams tring to ec cen tric-qu ad ri ceps HCON/QECC (%))
ra ti os we re used for analy ses.

STA TIS TI CAL ANALY SIS

The da ta we re analy zed using SPSS (Ver si on 13.0;
SPSS Inc.) soft wa re. One way analy sis of va ri an ce
was app li ed for each de pen dent va ri ab le (PT,
PT/BW, con cen tric and ec cen tric hams tring qu ad -
ri ceps ra ti o, ec cen tric-hams tring to con cen tric-qu -
ad ri ceps and con cen tric-hams tring to ec cen tric-
qu ad ri ceps ra ti o va lu es) bet we en dif fe rent age gro -
ups. In ca se of a va ri a ti on bet we en the re sults of
the gro ups, Post-hoc Tu key tests ha ve be en used to
de ter mi ne the spe ci fic gro up that led to the va ri a -
ti on. Dif fe ren ces bet we en do mi nant leg and non

do mi nant leg iso ki ne tic strength va lu es we re exa -
mi ned by Pa i red t-tests. The sig ni fi can ce le vel of
p< 0.05 was set for all analy ses.

RE SULT

CON CEN TRIC AND EC CEN TRIC PE AK TOR QU E VA LU ES:
AGE EF FECTS 

The con cen tric and ec cen tric PT va lu es of fo ur gro -
ups we re analy zed thro ugh one way analy sis of va -
ri an ce. Ac cor ding to the re sults, no sig ni fi cant
dif fe ren ce has be en ob ser ved on con cen tric and ec-
cen tric PT ex ten si on and fle xi on do mi nant and non
do mi nant leg va lu es bet we en fo ur age gro ups (p>
0.05). (The se va lu es are pre sen ted in Tab le 2, 3).

CON CEN TRIC AND EC CEN TRIC PE AK TOR QU E VA LU ES:
DO MI NANT–NON-DO MI NANT LEG

Do mi nant leg hams tring con cen tric PT va lu es,
con cen tric PT/BW and con cen tric H/Q strength ra -
ti o we re gre a ter than that of the non-do mi nant leg
PT va lu es (p< 0.05). No sig ni fi cant dif fe ren ce was
fo und for ec cen tric PT va lu es (p> 0.05) (Tab le 4). 

Groups Concentric 60 degree/second (N-m)

PTED PTEN PTFD PTFN 

Mean ± SD Mean  ± SD Mean ± SD Mean ± SD

1 217.0 ± 28.6 218.3 ± 29.0 110.9 ± 15.5 105.3 ± 15.8

2 223.9 ± 31.4 225.3 ± 26.9 116.6 ± 21.6 111.5 ± 17.3

3 228.8 ± 31.7 231.6 ± 33.4 121.6 ± 20.9 117.0 ± 18.4

4 225.7 ± 30.6 228.3 ± 23.7 118.7 ± 21.2 113.5 ± 25.5

TABLE 2: The values of concentric PT in four groups.

PTED: Pe ak tor qu e for ex ten si on do mi nant, PTEN: Pe ak tor qu e for ex ten si on non-do -
mi nant, PTFD: Pe ak tor qu e for fle xi on do mi nant, PTFN: Pe ak tor qu e for fle xi on non-do -
mi nant.

Groups Eccentric 60 degree/second (N-m)

PTED PTEN PTFD PTFN

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

1 117.7 ± 29.4 167.5 ± 26.7 266 ± 62.8 264.8 ± 50.9

2 176.9 ± 38.8 165.4 ± 41.8 258.8 ± 83.3 253.8 ± 73.9

3 163.4 ± 37.3 175.8 ± 35.6 290.6 ± 75.0 293.7 ± 62.1

4 185.9 ± 31.2 186.1 ± 36.5 300.2 ± 49.2 277.6 ± 65.8

TABLE 3: The values of eccentric PT in four groups

PTED: Pe ak tor qu e for ex ten si on do mi nant, PTEN: Pe ak tor qu e for ex ten si on non-do -
mi nant, PTFD: Pe ak tor qu e for fle xi on do mi nant, PTFN: Pe ak tor qu e for fle xi on non-do -
mi nant.
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CON VEN TI O NAL H/Q (HCON/QCON, HECC/QECC) AND 
FUNC TIO NAL (HCON/QECC HECC/QCON,) RA TI O VA LU ES:
AGE EF FECTS

Con ven ti o nal HCON/QCON ra ti o and func ti o nal
HECC/QCON ra ti o of do mi nant leg va lu es and con ven-
ti o nal HCON/QCON ra ti o and func ti o nal HECC/QCON ra -
ti o of non-do mi nant leg va lu es we re exa mi ned and
no sig ni fi cant dif fe ren ce was fo und bet we en dif fe -
rent age gro ups.

When con ven ti o nal HECC/QECC ra ti o of do mi -
nant leg va lu es we re exa mi ned, a sig ni fi cant dif fe -
ren ce was fo und bet we en gro ups (F3/96= 3.99 p<
0.05). Ac cor ding to Post Hoc Tu key test a sig ni fi -
cant dif fe ren ce was ob ser ved only bet we en Gro up
3 and gro up 2 for con ven ti o nal HECC/QECC ra ti os; va -
lu es of gro up 3 (171 ± 29.6) we re hig her than tho -
se of gro up 2 va lu es (145.5 ± 24.7, Tab le 5). 

Con ven ti o nal HECC/QECC ra ti o of non-do mi nant
leg va lu es we re al so exa mi ned, sig ni fi cant dif fe -
ren ce was ob ser ved bet we en Gro ups (F3/96= 4.08 p<
0.05). Ac cor ding to Post Hoc Tu key test a sig ni fi -
cant dif fe ren ce was ob ser ved bet we en gro up 3 and
gro up 2-4 va lu es. Gro up 3 (177.3 ± 34.5) we re hig -
her than that of the gro up 2 va lu es (151.1 ± 25.7)
and gro up 4 va lu es (150.2. ± 20.6; Tab le 6).

Func ti o nal HCON/QECC ra ti o of do mi nant leg va -
lu es pre sen ted sig ni fi cant dif fe ren ce bet we en Gro -
ups (F3/96= 3.45 P< 0.05). Ac cor ding to Post Hoc
Tu key test a sig ni fi cant dif fe ren ce was ob ser ved be-
t we en gro up 3 and gro up 2 va lu es. Gro up 3 va lu es
(76.8 ± 16.5) we re hig her than that of gro up 1 va l-
u es (63 ± 9) (Tab le 5). 

DIS CUS SI ON

Strength tes ting is the most im por tant va ri ab le for
per for man ce as sess ment in soc cer. Iso ki ne tic dyna -
mo me ters can be used to pro vi de sa fe and ac cu ra te
in for ma ti on abo ut musc le strength in soc cer pla y-
ers and the re is a low pro ba bi lity of in jury du ring
the test.5,18,19

Se ve ral stu di es po in ted out that as age in cre a -
ses, musc le strength gra du ally in cre a ses in ath le -
tes.1,8,18 Ho we ver, the ra te of strength and musc le
ga in ap pe ars to be gre a ter from age 10-20, the ye -
ars of ra pid growth and de ve lop ment. Men, from
24-80 ye ars, lo se ap pro xi ma tely 40% of to tal ske le -
tal musc le mass. To tal musc le strength pe aks at the
age of 24 ye ars. From 24-50 ye ars of age, 10% of the
to tal musc le is lost. The dec li ne in musc le mass may
ac co unt, in part, for the dec li ne in musc le strength
se en with aging. But stu di es show that pe op le of all
ages can in cre a se the ir musc le si ze and strength as
a re sult of sa me strength tra i ning prog ram.7,9 The
re sult of our study in di ca tes that no sig ni fi cant dif-
fe ren ce exists bet we en pe ak tor qu e va lu es of fo ur
age gro ups. The se re sults are in ag re e ment with
pre vi o us stu di es.8 This may re sult from the fact that
soc cer pla yers do the sa me in ten sity and style of
tra i ning. When we as sess the re la ti ons hip bet we en
age and H/Q strength ra ti os, the do mi nant
HECC/QECC and HCON/QECC and non-do mi nant leg
HECC/QECC strength ra ti os of gro ups 3 are hig her
com pa red to the ot her gro ups (Tab le 5, 6). This si t-
u a ti on is an ad van ta ge for third gro up pla yers. High

Concentric (60 degree/second) Eccentric (60 degree/second)
Dominant Non-dominant Dominant Non-dominant
X ± SD X ± SD t p X ± SD X ± SD t p

PTE (N-m) 222.7 ± 30.2 224.4 ± 28.2 -0.9 0.36 176.5 ± 34.5 171.3 ± 35.7 1.8 0.73

PTF (N-m) 115.8 ± 19.7 110.6 ± 18.8 3.6 0.00* 273.3 ± 71.4 267.9 ± 64.3 1.0 0.28

PTE/BW (%) 316.3 ± 38.9 320.1 ± 35.3 -1.2 0.2 251.8 ± 45.2 244.6 ± 47.7 1.7 0.07

PTF/BW(%) 165.0 ± 25.3 157.8 ± 25.0 3.6 0.00* 389.7 ± 97.0 383.0 ± 88.9 0.9 0.34

HPT/QPT(%) 52.1 ± 6.3 49.5 ± 7.1 4.1 0.00* 154.1 ± 28.6 157.6 ± 27.7 -1.1 0.27

TABLE 4: The Comparison of concentric and eccentric isokinetic measurements  between dominant and 
non-dominant leg.

*p<0.05 PTE: Peak torque extension, PTF: Peak torque flexion,
PTE/BW: Peak torque extension/body weight, PTF/BW: Peak torque flexion/body weight
HPT/QPT: Hamstring peak torque/quadriceps peak torque.
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H/Q strength ra ti o in 21-23 age gro up me ans that
musc le im ba lan ce in kne e musc les is in a go od con-
di ti on. This may re du ce the risk of in jury. The se
re sults are in ag re e ment with pre vi o us stu di es
which exa mi ned iso ki ne tic H/Q strength ra ti o.20

The re may be mus cu lar strength dif fe ren ces
bet we en do mi nant and non-do mi nant legs of fo ot -
bal lers; du e to the na tu re of the soc cer ga me, kne e
musc le strength im ba lan ces may be ob ser ved. Se v-
e ral re se arc hers ha ve re por ted symmetry bet we en
the do mi nant and non-do mi nant legs,6 whe re as ot -
hers sug gest the exis ten ce of a sig ni fi cant asy mme-
try.21 Ac cor ding to At ha na si as et al., the re are
dif fe rent de fi ni ti ons of the word “do mi nan ce ” by
va ri o us aut hors, and this may be the ca u se of the se
con tra dic tory re sults.10 So me re se arc hers de fi ne it,
as the leg pre fer red for kic king, ot hers des cri be it as
the stron ger limb, and ot hers do not spe cify how
do mi nan ce was de ter mi ned.13 In this study we pre-

fer red do mi nant leg as the kic king leg. Our in ves -
ti ga ti on sho wed that qu ad ri ceps PT va lu es of the
two legs we re not sig ni fi cantly dif fe rent. But ham-
s tring con cen tric PT va lu es, con cen tric PTF/BW
and con cen tric H/Q strength ra ti o of the do mi nant
leg we re gre a ter than non-do mi nant leg PT va lu es.
If the hams tring musc le strength va lu e is high, na t-
u rally PTF/BW and H/Q strength ra ti o va lu es are
al so high. This is an ad van ta ge o us si tu a ti on for soc-
cer pla yers. Be ca u se strong hams tring musc les in-
cre a se the H/Q strength ra ti o, which in turn cre a tes
musc le im ba lan ce bet we en fle xor and ex ten sor
musc les. The com bi na ti on of the se re du ces the risk
of in jury. Al so, it ap pe ars that soc cer tra i ning pro-
g rams a uni qu e la te ral do mi nan ce in soc cer pla y-
ers.

The HCON/QCON ra ti o ser ves as a scre e ning to ol
for pre dis po si ti on to in jury. The iso ki ne tic kne e fle -
xor/ex ten sor ba lan ce is re por ted to play an im por -
tant ro le in jo int sta bi li za ti on. Ac cor ding to Ro se ne
et al, if the ra ti o is ab nor mal, this might be an in-
jury fac tor.6 For examp le, du ring ex ten si on lo ads
dec re a sed an ta go nist hams tring co-ac ti va ti on may
re sult in kne e in jury. Highly de ve lo ped qu ad ri ceps
musc le con tri bu tes to dec re a sed an ta go nist hams -
trings co-ac ti va ti on. HECC/QCON strength ra ti o ref -
lects the ro le of the hams trings in con trol ling kne e
ex ten si on and hip fle xi on. Con ver sely, HCON/QECC

strength ra ti o ref lects whet her the qu ad ri ceps are
con trol ling kne e fle xi on and hip ex ten si on or
not.6,10,11,14,17,18 The re fo re at ten ti on must be gi ven to
pro per musc le ba lan ce bet we en ago nist and an ta -
go nist musc le gro ups. But if the kne e is in ju red,
mus cu lar im ba lan ces bet we en qu ad ri ceps and ham-
s tring ha ve to be re ha bi li ta ted. For this pur po se,
HCON/QCON ra ti os of the op po si te limb ra ti o sho uld
be used as re fe ren ce po int. But of co ur se, the op-
po si te limb has to be unin ju red. In ge ne ral; soc cer
tra i ning and re ha bi li ta ti on fo cus on qu ad ri ceps
strength be ca u se ba sic soc cer mo ve ments re qu i re
strong qu ad ri ceps. But ac tu ally, the pur po se of the
exer ci ses sho uld be ob ta i ning an op ti mal HCON/QCON

ra ti o, be ca u se the strong qu ad ri ceps con trac ti on ca -
u ses the ti bi al trans la ti on. If the hams tring musc le
is we ak, prob lems abo ut con trol ling the kne e may
ari se this ti me.6,11

Groups Dominant

HCON/QCON HECC/QECC HCON/QECC HECC/QCON

1 51.2 ± 5.3 150.2 ± 30.5 63 ± 9b 123.3 ± 24.6

2 52.2 ± 7.5 145.5 ± 24.7a 68.4 ± 18.1 116.1 ± 35.1

3 53.3 ± 6.5 171.1 ± 29.6A 76.8 ± 16.5B 126.2 ± 23.9

4 52.6 ± 5.6 162.9 ± 23.5 64.8 ± 12.9 134.5 ± 22.8

TABLE 5: The values of dominant leg conventional
(HCON/QCON, HECC/QECC) and functional (HCON/QECC

HECC/QCON) ratios in four groups percent ± SD.

HCON/QCON: Con cen tric hams tring/qu ad ri ceps ra ti o, HECC/QECC: Ec cen tric hams -
tring/qu ad ri ceps ra ti o, HCON/QECC: Con cen tric-hams tring to ec cen tric qu ad ri ceps ra ti os
– HECC/QCON: Ec cen tric-hams tring to con cen tric-qu ad ri ceps ra ti o.
p< 0.05= A >a, B>b

Groups Non-dominanat

HCON/QCON HECC/QECC HCON/QECC HECC/QCON

1 48.6 ± 6.3 158.5 ± 20.8 63.8 ± 10.6 122.3 ± 21.4

2 49.5 ± 5.7 151.1 ± 25.7c 71.8 ± 23.3 113.8 ± 32.2

3 50.7 ± 6.2 177.3 ± 34.5C 68.5 ± 14.8 126.5 ± 18.0

4 50.1 ± 11.3 150.2 ± 29.6c 61.1 ± 8.7 122.3 ± 27.5

TABLE 6: The values of non-dominant leg 
conventional (HCON/QCON, HECC/QECC) and functional

(HCON/QECC HECC/QCON) ratios in four groups.

HCON/QCON: Con cen tric hams tring/qu ad ri ceps ra ti o, HECC/QECC: ec cen tric hams tring/
qu ad ri ceps ra ti o, HCON/QECC: Con cen tric-hams tring to ec cen tric-qu ad ri ceps ra ti os
HECC/QCON: Ec cen tric-hams tring to con cen tric-qu ad ri ceps ra ti o p< 0.05= C> c.
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PRE DIC TI ON OF HAMS TRING IN JURY

A dif fe ren ce bet we en ago nist and an ta go nist
musc le gro ups is di sad van ta ge o us to the we a ker
musc le gro up. Hyper trophy of the qu ad ri ceps at
the ex pen se of the hams tring may ca u se hams -
tring in ju ri es. The re is no ag re e ment over the va -
lu e of the nor mal H/Q strength ra ti o. By so me
aut hors, the nor mal H/Q strength ra ti o is con si -
de red to be 50% to 100% thro ugh the full ran ge
of kne e mo ti on.6,21-23 Ot her aut hors ac cept nor-
mal H/Q strength ra ti o va lu e as %61, whi le so me
ot hers ac cept it as 80%.11,12 The im por tant thing
abo ut the H/Q strength ra ti o is the fact that the
func ti o nal ca pa city of the hams tring to pro vi de
sta bi lity to the kne e is in cre a sed as the ra ti o ap-
pro ac hes to wards 100%. This in cre a sed kne e sta-
bi lity may re du ce the pos si bi lity of an
an te ro la te ral sub lu xa ti on of the ti bi a.6,22,23 Ho we -
ver, sur pri singly, so me stu di es did not sup port a
sig ni fi cant re la ti ons hip bet we en HCON/QCON ra ti o
and sub se qu ent hams tring in jury.11,21-23

In the pre sent study, do mi nant leg HCON/QCON

ra ti o va lu e of only 10 over 102 pla yers is fo und to
be mo re than 60%, whi le that of 64 over 102 pla y-
ers is fo und to be mo re than 50%. Non- do mi nant
leg HCON/QCON ra ti o va lu e of 5 pla yers is cal cu la ted
as mo re than 60%, whi le that of 51 pla yers is cal cu-
la ted as mo re than 50%. In the light of all the in for-
ma ti on abo ut H/Q strength ra ti o, in the long term,
it might be tho ught that pla yers who se H/Q

strength ra ti o is lo wer than 50-60% are mo re vul-
ne rab le to in jury, es pe ci ally in jury of the hams tring
musc les and kne e. 

CONC LU SI ON

Ac cor ding to the re sults of the pre sent study re la -
ti ons hip bet we en iso ki ne tic hams tring and qu ad ri -
ceps musc le strength and age do es not ap pe ar in
eli te soc cer pla yers. Thus, one can in fer that musc -
le strength may not be af fec ted by age in soc cer pla -
yers. The fin dings of the study in di ca te that the H/Q
strength ra ti o is inf lu en ced by age in pla yers. The
con cen tric musc le strength va lu e of the do mi nant
leg is ex pec ted to be hig her than that of the non-do -
mi nant leg in all pla yers. The re sult of the study is
im por tant in terms of high ligh ting the im por tan ce
of pre pa ring tra i ning prog rams in ac cor dan ce with
the physi cal fit ness le vel of each soc cer pla yers. The
de ter mi na ti on of musc le pro fi le of soc cer pla yers
pre vents kne e in ju ri es, es pe ci ally hams tring musc le
stra in. The re fo re tes ting and exer ci sing prog rams ha -
ve to be imp le men ted in or der to avo id the se pos si-
b le im ba lan ces and in jury ra tes. 

In or der to re du ce kne e in ju ri es, furt her stu -
di es on the sub ject sho uld be car ri ed out. Fu tu re
stu di es sho uld co ver mo re than 4 age gro ups and
in cre a sed num ber of ath le tes in or der to ar ri ve at
mo re de fi ni te re sults. This study pro vi des a ba sis
and can be adop ted as a star ting po int for fu tu re
stu di es.
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