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o improve muscular performance during sport activities, many ath-
letes use some type of pre-participation warm-up routine to prepare
themselves for athletic practice or competition. Traditionally, these
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AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Alt ho ugh re cent stu di es ha ve shown that dyna mic stretc hing may im pro ve
in di vi du al musc le strength per for man ce, its ef fects on the func ti o nal hamstring/quadriceps (H/Q)
strength ra ti o and thus on in jury risk cha rac te ris tics has not be en in ves ti ga ted in depth. The aim of
this study was to as sess the ef fects of dyna mic stretc hing on func ti o nal H/Q strength ra ti os for iso-
ki ne tic kne e ex ten si on and fle xi on at pe ak and end ran ge mo ments in eli te wo men ath le tes. MMaa  ttee  --
rrii  aall  aanndd  MMeett  hhooddss:: A to tal of twel ve he althy eli te com pe ti ti ve fe ma le ath le tes (me an age 20 ± 2 ye ars,
me an he ight 166 ± 6 cm, me an we ight 58 ± 7 kg) vo lun te e red to par ti ci pa te in the study. All sub-
jects comp le ted a non-stretc hing (con trol) or a dyna mic stretc hing in ter ven ti on pro to col in a ran-
do mi zed fas hi on on se pa ra te days. The qu ad ri ceps and hams tring musc les we re stretc hed du ring
the se pro to cols. Be fo re (pre) and af ter (post) the in ter ven ti on, the func ti o nal H/Q strength ra ti o
was cal cu la ted at 60°•s-1 and 180°•s-1 an gu lar ve lo ci ti es. RRee  ssuullttss::  The strength ra ti o for kne e ex ten-
si on disp la yed a sig ni fi cant in cre a se and for kne e fle xi on a sig ni fi cant dec re a se fol lo wing dyna mic
stretc hing du ring the en ti re and end ran ge of mo ti on at  both an gu lar ve lo ci ti es (p< 0.05). CCoonncc  lluu  --
ssii  oonn::  The ef fects of dyna mic stretc hing on func ti o nal H/Q strength ra ti os sug gest that the func ti o -
nal H/Q ra ti o do chan ge po si ti vely fol lo wing a dyna mic stretc hing ro u ti ne. 

KKeeyy  WWoorrddss::  Musc le stretc hing exer ci ses; pos tu ral ba lan ce; musc le strength; wo men 

ÖÖZZEETT  AAmmaaçç::  Her ne ka dar bi lim sel son ya yın lar di na mik ger me eg zer siz le ri nin bi rey sel kas kuv -
ve ti ni art tır dı ğı nı gös ter miş ol sa da, di na mik ger me eg zer si zi nin fonk si yo nel H/Q ora nı na ve böy -
le ce de ya ra lan ma ris ki özel lik le ri üze ri ne olan et ki si ay rın tı lı in ce len me miş tir. Bu ça lış ma nın ama cı
ba yan spor cu lar da di na mik ger me eg zer siz le ri nin izo ki ne tik diz eks tan si yon ve flek si yo nu için zir -
ve ve son açı lar da ki fonk si yo nel H/Q kuv vet oran la rı üze ri ne olan et ki si ni in ce le mek ti. GGee  rreeçç  vvee
YYöönn  tteemm  lleerr:: Sağ lık lı 12 elit ba yan spor cu (or ta la ma yaş: 20 ± 2 yıl, or ta la ma boy: 166± 6 cm, or ta la -
ma vü cut ağır lı ğı: 58 ± 7 kg) ça lış ma ya gö nül lü ola rak ka tıl dı. De nek le re fark lı gün ler de ras ge le se -
çim le kon trol ve di na mik ger me pro to ko lü uy gu lan dı. Bu pro to kol ler sı ra sın da qu ad ri ceps ve
hams tring kas la rı na ger me eg zer siz le ri yap tı rıl dı. Ger me ya da kon trol uy gu la ma sın dan ön ce ve
son ra 60°/sn ve 180°/sn açı sal hız lar da ki fonk si yo nel H/Q kuv vet oran la rı he sap lan dı. BBuull  gguu  llaarr::  Di -
na mik ger me eg zer siz le ri son ra sın da tüm ek lem ha re ket açık lı ğı ve ek lem ha re ket açık lı ğı nın son
açı la rı için  her iki açı sal hız da ki kuv vet oran la rı diz eks tan si yo nu için an la mı ola rak ar tış ve diz flek -
si yo nu için ise an lam lı ola rak azal ma gös ter miş tir (p< 0.05). SSoo  nnuuçç::  Di na mik ger me eg zer siz le ri nin
fonk si yo nel H/Q oran la rı üze ri ne olan bu et ki si, di na mik ger me le rin fonk si yo nel H/Q kuv vet ora -
nı nı olum lu yön de de ğiş ti re bi le ce ği ne işa ret et miş tir. 
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warm-ups inc lu de so me form of stretc hing which is
com mon in a mul ti tu de of sports.1 It is typi cally be-
li e ved that in cre a sing jo int ran ge of mo ti on or fle -
xi bi lity would pro mo te gre a ter spor ting abi lity by
im pro ving mus cu lar per for man ce and re du cing the
risk of mus cu los ke le tal in jury.2,3 Ath le tes and co -
ac hes use many dif fe rent types of stretc hing that
are usu ally ba sed on the ir per so nal pre fe ren ce only.
No op ti mal type or amo unt of stretc hing, ho we ver,
has be en iden ti fi ed. The re are va ri o us tech ni qu es
of stretc hing, inc lu ding bal lis tic, prop ri o cep ti ve ne -
u ro mus cu lar fa ci li ta ti on (PNF), sta tic and dyna mic
stretc hing.2 Alt ho ugh re cent stu di es sho w that dy-
na mic stretc hing exer ci ses do es not se em to af fect
1RM strength in the bench and leg pres ses and not
re sult in an in cre a se in ver ti cal jump he ight or for -
ce,4,5 so me evi den ce still exists in di ca ting that dyna -
mic stretc hing exer ci ses may im pro ve musc le
strength per for man ce.6,7 This has imp li ca ti ons for
ath le tes in vol ved in sports that re qu i re high le vels
of strength and for ce pro duc ti on. The re fo re, re se -
arc hers ha ve pro po sed that sta tic stretc hing pri or
to com pe ti ti on may hin der per for man ce, promp t-
ing re com men da ti ons that sta tic stretc hing be
omit ted or rep la ced by dyna mic stretc hing du ring
warm-ups.6-9 On the ot her hand, sin ce no study to
da te has di rectly in ves ti ga ted the ef fects of dyna -
mic stretc hing on mus cu los ke le tal in jury risk cha -
rac te ris tics, the ro le of dyna mic stretc hing re ma ins
unk nown.

It has be en sug ges ted that thigh musc le im ba -
lan ce bet we en the qu ad ri ceps and hams tring mus-
c les is a po ten ti al mec ha nism for in cre a sed in jury to
the lo wer ex tre mi ti es.10 Alt ho ugh the re are a va ri -
ety of me a su re ment tech ni qu es, the hams tring/qu -
ad ri ceps (H/Q) ra ti o has be en used in both cli ni cal
and la bo ra tory re se arch as a ba lan ce of strength in-
di ca tor among musc les span ning the kne e jo int, as
it ex pres ses the func ti on of two op po sing (ago nist
and an ta go nist) musc le gro ups and pro vi des a com-
pre hen si ve des crip ti on of re cip ro cal musc le func ti -
on.11,12 Pre vi o us aut hors ha ve sug ges ted that the
ago nist-an ta go nist strength re la ti ons hip for kne e
ex ten si on and fle xi on may be bet ter des cri bed by a
func ti o nal knee flexion/knee extention (KF/KE) ra -
ti o of ec cen tric hams tring to con cen tric qu ad ri ceps

musc le strength (ECCKF/ CON KE, rep re sen ta ti ve of
kne e ex ten si on) or con cen tric hams tring to ec cen -
tric qu ad ri ceps musc le strength (CONKF/ECC KE,
rep re sen ta ti ve of kne e fle xi on) rat her than the con-
ven ti o nal ra ti os that are of ten used (CONKF/CON -
KE).11,13 It was shown that such re cip ro cal musc le
gro up ra ti os pro vi de in for ma ti on on kne e func ti -
on, in jury risk and kne e jo int sta bi lity.14 Any im-
ba lan ce in the func ti o nal ra ti o imp li ca tes a
pre dis po sing fac tor to wards in jury.15,16 In te res -
tingly, a pre vi o us study that used con ven ti o nal and
func ti o nal ra ti os of the kne e de mons tra ted that an
ECCKF/CON KE ra ti o of less than 0.6 at 60°•s-1 rep-
re sents a 77.5% pro ba bi lity of hams tring musc le in-
jury in eli te soc cer pla yers.17 It was re por ted that
the al te ra ti on of nor mal re cip ro cal strength ba lan -
ce abo ut the kne e jo int may be af fec ted by in jury,
det ra i ning or tra i ning.18,19 In the li te ra tu re, ho we -
ver, the ef fects of dyna mic stretc hing du ring the
pre-par ti ci pa ti on tra i ning ro u ti ne on the se func ti -
o nal strength ra ti os has not be en re por ted.

The pur po se of this study, the re fo re, was to in-
ves ti ga te the ef fects of dyna mic stretc hing of both
the qu ad ri ceps and hams tring musc les on func ti o -
nal H/Q strength ra ti os for kne e ex ten si on and fle -
xi on at pe ak and end ran ge mo ments in eli te
wo men ath le tes.

MA TE RI AL AND MET HODS
SUB JECTS

A to tal of twel ve he althy Ca u ca si an fe ma les vo lun -
te e red to par ti ci pa te in the study. The me an va lu e
for age was 20 ± 2 ye ars, for he ight was 166 ± 6 cm,
and for we ight was 58 ± 7 kg. All sub jects we re eli -
te com pe ti ti ve ath le tes and mem bers of Na ti o nal
Ath le tic Clubs. They par ti ci pa ted in re gu lar ath le -
tic sports ac ti vi ti es, such as ham mer throw, trip le
jump, hep tath lon, high jump, 100 me ter hurd les,
and long- and midd le-dis tan ce track events. Tra i -
ning back gro unds we re de ter mi ned ac cor ding to
dec la ra ti ons ma de by the te am co ac hes and the ath-
le tes. On ave ra ge, they were re gu larly tra i ned for
10 ± 3 ho urs per we ek for 7 ± 2 ye ars. The test pro-
ce du re as ses sed the do mi nant leg, which was the
right leg for all sub jects. Limb do mi nan ce was de-
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ter mi ned by as king sub jects which leg they wo uld
use to na tu rally kick a ball. Sub jects we re exc lu ded
from the study if they had a cur rent or re cent lo wer
back, hip, kne e, or ank le-re la ted in jury, had com-
p la i ned of pa in, swel ling, or func ti o nal li mi ta ti ons
in the se jo ints or had ap pa rent li mi ta ti ons in kne e
ran ge of mo ti on. Af ter be ing in for med of the study
and test pro ce du res and any pos sib le risks and dis-
com fort that might en su e, the ir writ ten in for med
con sent to par ti ci pa te was ob ta i ned in ac cor dan ce
with the Hel sin ki Dec la ra ti on.20

EX PE RI MEN TAL PRO CE DU RE

Pri or to the ex pe ri ments, each sub ject vi si ted the
la bo ra tory to re ce i ve ins truc ti ons and to par ti ci pa -
te in a fa mi li a ri za ti on tri al to prac ti ce tes ting kne e
ex ten sor and fle xor strength in con cen tric and ec-
cen tric mo des at se lec ted an gu lar ve lo ci ti es. Du ring
the se cond la bo ra tory vi sit, all sub jects comp le ted
a non-stretc hing (con trol) and dyna mic stretc hing
in ter ven ti on pro to col in a ran do mi zed or der on se -
pa ra te days. The test pro ce du re was con duc ted on
two non con se cu ti ve days and was comp le ted wit -
hin one we ek. Be fo re (pre) and im me di a tely af ter
(post) the stretc hing or con trol in ter ven ti on, con-
cen tric and ec cen tric iso ki ne tic pe ak tor qu e for
kne e ex ten si on and fle xi on we re me a su red and the
func ti o nal H/Q strength ra ti os we re cal cu la ted.
Each sub ject per for med a fi ve-mi nu te warm-up at
50 W on a sta ti o nary cycle er go me ter pri or to the
ini ti al iso ki ne tic tes ting on all test days. The ave ra -
ge du ra ti on of the dyna mic stretc hing pro ce du re
was 6 ± 1 mi nu te. In the non-stretc hing (con trol)
pe ri od, each sub ject was gi ven a fi ve-mi nu te rest
in ter val in a sit ting or su pi ne po si ti on with both
legs ex ten ded.

DYNA MIC STRETC HING EXER CI SES

In or der to stretch the qu ad ri ceps and hams tring
musc les in the do mi nant limb, two dyna mic unas-
sis ted stretc hing exer ci ses we re de sig ned for both
the ex ten sor and fle xor musc le gro ups. Each sub-
ject con trac ted the an ta go nist of the tar get musc le
(eit her the qu ad ri ceps or hams tring) in ten ti o nally
in stan ding up right po si ti on and fle xed or ex ten ded
so me jo ints on ce every 2 se conds so that the tar get

musc le was stretc hed. Pri or to per for ming each
stretc hing exer ci se, we exp la i ned to the sub jects
the musc le gro ups which sho uld be con trac ted. The
sub jects per for med two re pe ti ti ons of every stretc -
hing exer ci se. Each stretc hing was per for med five
ti mes, slowly at first, and then 10 ti mes as qu ickly
and po wer fully as pos sib le wit ho ut bo un cing. Bet -
we en each stretc hing re pe ti ti on and at the ti me of
chan ging the stretc hing exer ci se and the musc le
gro up, sub jects sto od up right for a 15 se cond rest
pe ri od. To tal du ra ti on of the dyna mic stretc hing
was 6 ± 1 mi nu te. Alt ho ugh it is ge ne rally re com -
men ded that stretc hes were held for lon ger pe ri ods
of ti me, the gi ven ti me was cho sen be ca u se it was
the amo unt of ti me that the ath le tes typi cally held
stretc hes pri or to ac ti vity.

QQuu  aadd  rrii  cceeppss:: (a) in stan ding up right po si ti on
the sub ject con trac ted her hams trings in ten ti o nally
and fle xed her kne e jo int so that her he el to uc hed
her but tock.

(b) in stan ding up right po si ti on the sub ject le -
a ned for ward and ra i sed her fo ot from the flo or
with her hip and kne e lightly fle xed. Then, the
sub ject con trac ted her hip ex ten sors and hams tring
musc les so that her leg was ex ten ded to the pos te -
ri or as pect of the body whi le the hips ne arly co me
to full ex ten si on and the kne e to full fle xi on.

HHaammss  ttrriinngg::  (a) in stan ding up right po si ti on the
sub ject con trac ted the hip fle xors in ten ti o nally
with kne e ex ten ded and fle xed her hip jo int so that
her leg was swung up to the an te ri or as pect of her
body. 

(b) in stan ding up right po si ti on the sub ject
con trac ted her hip fle xors and fle xed her hip jo int,
ra i sing her thigh pa ral lel to the gro und with her
kne e jo int fle xed at abo ut 90°. Then, the sub ject
con trac ted her qu ad ri ceps with the he ight of her
thigh ma in ta i ned and ex ten ded her kne e jo int so
that her leg ex ten ded to the an te ri or as pect of her
body.

ISO KI NE TIC TES TING PRO CE DU RE

The Cybex NORM iso ki ne tic system (Lu mex, Inc.,
Ron kon ko ma, New York, USA) was used to me a -
su re the con cen tric and ec cen tric pe ak tor qu e (PT)



of the qu ad ri ceps and hams tring musc les. The
Cybex NORM dyna mo me ter is a hydra u li cally dri -
ven and mic ro com pu ter-con trol led de vi ce that op-
e ra tes with a con ti nu o us pas si ve mo ti on, in
iso met ric, iso to nic and iso ki ne tic con cen tric and
ec cen tric mo des. The Cybex dyna mo me ter was 
ca lib ra ted as part of the re gu lar equ ip ment ma in te -
nan ce sche du le for this tes ting de vi ce.21

The kne e to be tes ted was pla ced on the kne e
fle xi on-ex ten si on pla te of the Cybex NORM de vi -
ce and was se cu red with Vel cro straps, ac cor ding
to the ma nu fac tu rer’s ins truc ti ons for iso la ting kne -
e fle xi on and ex ten si on.21 The length of the dyna -
mo me ter was adap ted to the length of the kne e for
each sub ject. Stan dard sta bi li za ti on strap ping was
pla ced ac ross the dis tal thigh and chest, and pla ce -
ments we re li mi ted to gras ping the wa ist sta bi li za -
ti on strap. Ran ge of mo ti on was set bet we en 10°
and 90° kne e ran ge of mo ti on ang les (0° in di ca ting
full kne e ex ten si on). To fa mi li a ri ze them sel ves
with the tes ting de vi ce, sub jects we re ins truc ted to
per form thre e ac ti ve re pe ti ti ons of kne e mo ve ment
ran ging from 90° to 10° kne e ran ge of mo ti on be fo -
re the tes ting ses si on be gan. The sa me in ves ti ga tor
per for med all tests to en su re stan dar di za ti on. Sub-
jects we re ins truc ted to exert 100% ef fort and re ce -
i ved po si ti ve fe ed back du ring tes ting. The
con cen tric and ec cen tric PT me a su re ments we re
car ri ed out se pa ra tely; the ec cen tric me a su re ment
fol lo wed the con cen tric me a su re ment. At the be-
gin ning of the test con di ti on, sub jects we re al lo -
wed thre e sub ma xi mal con trac ti ons of the
qu ad ri ceps and hams tring musc le gro up to fa mi li -
a ri ze them sel ves with the test con di ti ons. Sub jects
we re then gi ven fo ur ma xi mal con trac ti ons at the
an gu lar ve lo ci ti es of 60°•s-1 and 180°•s-1. Ec cen tric
strength me a su re ment was per for med at the sa me
an gu lar ve lo ci ti es as for the con cen tric me a su re -
ment. A one-mi nu te rest was al lo wed bet we en
each test, and a mi ni mum of a thre e-mi nu te rest
was per mit ted bet we en the con cen tric and ec cen -
tric me a su re ments to pre vent the bu ild-up of fa ti -
gu e. The best PT of the fo ur ma xi mal con trac ti ons
for each test con di ti on du ring the en ti re ran ge of
mo ti on and end ran ge of kne e ex ten si on and fle xi -
on (se e be low) was col lec ted and used in the func-

ti o nal H/Q musc le strength ra ti o analy sis.

FUNC TI O NAL HAMS TRING/QU AD RI CEPS MUSC LE
STRENGTH RA TI O

Fo ur dif fe rent H/Q strength ra ti os we re ob ta i ned.
Hams tring to qu ad ri ceps musc le func ti o nal
strength ra ti os we re cal cu la ted ba sed on the pe ak
mo ment ob ta i ned du ring the en ti re ran ge of kne e
ex ten si on and fle xi on (90° to 10° and 10° to 90°, re-
s pec ti vely). In ad di ti on, sin ce the an ta go nist mus-
c les are mo re im por tant du ring the end ran ge of
mo ti on to de ce le ra te limb mo ve ment, we al so cal-
cu la ted the func ti o nal ra ti o in the end ran ge of
kne e ex ten si on (30° to 10°) and fle xi on (60° to 90°).
This was al so do ne to bet ter ap pro xi ma te the func-
ti o nal dyna mics of the kne e. The func ti o nal H/Q
strength ra ti o rep re sen ta ti ve of kne e ex ten si on
(ECCKF/CON KE) was de ter mi ned as the ma xi mal
ec cen tric hams tring mo ment di vi ded by the ma xi -
mal con cen tric qu ad ri ceps mo ment. For kne e fle x-
i on (CONKF/ECC KE), the ra ti o was cal cu la ted by
ta king the ma xi mal con cen tric hams tring mo ment
di vi ded by the ma xi mal ec cen tric qu ad ri ceps mo-
ment. All ra ti os we re cal cu la ted se pa ra tely at each
of the res pec ti ve jo int ran ges of mo ve ment: (a) en-
ti re kne e ex ten si on (90° to 10°), (b) en ti re kne e fle -
xi on (10° to 90°), (c) end ran ge of kne e ex ten si on
(30° to 10°), and (d) end ran ge of kne e fle xi on (60°
to 90°).

STA TIS TI CAL ANALY SIS

Sta tis ti cal analy sis was per for med with SPSS ver si -
on 10.0 soft wa re (SPSS Inc, Chi ca go, IL, USA). Me -
ans and stan dard de vi a ti ons were used to des cri be
all va ri ab les. All tests we re two-ta i led and the le vel
of sig ni fi can ce was set at p< 0.05. 

Non-pa ra met ric sta tis ti cal tes ting was cho sen
be ca u se of the li mi ted num ber of sub jects inc lu ded
in this study. Sta tis ti cal dif fe ren ces bet we en the
gro ups (non-stretc hing (con trol) and dyna mic
stretc hing) be fo re and af ter the stretc hing in ter -
ven ti on we re in ves ti ga ted using a Mann-Whit ney
U test. In ad di ti on, the sta tis ti cal dif fe ren ces wit -
hin the gro ups bet we en pre- and post-stretc hing
we re in ves ti ga ted using Wil co xon’s sig ned rank
test.
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RE SULTS
Tab les 1 and 2 rep re sent the func ti o nal H/Q
strength ra ti os du ring the en ti re and end ran ge of
mo ti ons in the two gro ups for the kne e ex ten si on
and fle xi on mo ve ments, res pec ti vely. As shown in
Tab le 1, the re we re no sig ni fi cant dif fe ren ces for
kne e ex ten si on bet we en the gro ups at the pre- and
post-in ter ven ti on me a su re ments, both du ring the
en ti re and end ran ge of mo ti on (p> 0.05). On the
ot her hand, this strength ra ti o for kne e ex ten si on
disp la yed a sig ni fi cant in cre a se fol lo wing dyna mic
stretc hing du ring the en ti re and end ran ge of mo-
ti on at both an gu lar ve lo ci ti es (p< 0.05), whe re as
no chan ge was ob vi o us in the con trol in ter ven ti on
(p> 0.05).

Similarly, the func ti o nal strength ra ti o for the
kne e fle xi on mo ve ment (Tab le 2) ex hi bi ted al so a

no sig ni fi cant in te rac ti on bet we en the gro ups be fo -
re and af ter the in ter ven ti on (p> 0.05). Ho we ver,
the func ti o nal strength ra ti o rep re sen ted a sig ni fi -
cant dec re a se fol lo wing dyna mic stretc hing du ring
the en ti re and end ran ge of mo ti on at both an gu lar
ve lo ci ti es (p< 0.05), whe re as no chan ge was evi dent
in the con trol in ter ven ti on (p> 0.05).

DIS CUS SI ON
As stretc hing exer ci ses are tra di ti o nally re com men -
ded be fo re most physi cal ac ti vi ti es, it is im por tant to
de ter mi ne the ex tent to which a stretc hing ro u ti ne
may inf lu en ce per for man ce of the ma in ac ti vity as
well as the in jury risk of the re la ted jo ints or musc -
les. Des pi te the exis ten ce of many va ri o us study re-
sults abo ut the ef fects of dyna mic stretc hing on
so me func ti o nal tasks5,22-25 and musc le
strength,4,6,7,9,26 its ef fects on in jury risk cha rac te ris -
tics ha ve not be en in ves ti ga ted in depth. It is known
that the mus cu la tu re aro und the kne e plays an im-
por tant ro le in the pre ven ti on of in ju ri es. In ad di ti -
on to the strength of the se in di vi du al musc les, an
ad di ti o nal fac tor in in jury pre ven ti on or risk de ter -
mi na ti on is the ra ti o of strength bet we en ago nist
and an ta go nist musc les.27,28 In re ha bi li ta ti on and
sports me di ci ne, va ri o us lo wer limb strength im ba -
lan ce ra ti os are com monly used to mo ni tor 
re ha bi li ta ti on prog rams and to iden tify pos sib le risk
fac tors for de ve lo ping kne e or hams tring in jury and
re-in jury.17,29 Be si des, the ec cen tric an ta go nist/con -
cen tric ago nist strength ra ti o has al so be en in ves ti -
ga ted in the sho ul der and ank le jo ints.30,31 On the
ot her hand, the strength ra ti o that has re ce i ved the
most at ten ti on in the li te ra tu re is the hams tring to
qu ad ri ceps (H/Q) strength ra ti o. The me a su re ment
of the ba lan ce of strength bet we en the hams tring
and the qu ad ri ceps musc les se ems to be im por tant
for in jury pre ven ti on. A “nor ma l” H/Q strength ra -
ti o of 0.6 is fre qu ently used as an in jury pre ven ti on
and re ha bi li ta ti on go al.17,29 In ad di ti on, Kna pik et al
de mons tra ted that fe ma le col le gi a te ath le tes with
low H/Q strength ra ti os pre sen ting with high spe -
ed iso ki ne tic me a su re ments had a hig her in ci den ce
of ACL in jury.15 Gi ven that dyna mic stretc hing re-
sults in acu te strength in cre ments of a spe ci fic mus-
cu la tu re, no study to da te has de mons tra ted a cle ar

Control Dynamic

Before After Before After

ER-Ext-60 1.07 ± 0.28 1.06 ± 0.26 0.96 ± 0.28 1.03 ± 0.28*

ER-Ext-180 1.48 ± 0.40 1.50 ± 0.38 1.48 ± 0.39 1.56 ± 0.35*

Ext-60 0.68 ± 0.18 0.70 ± 0.15 0.63 ± 0.18 0.67 ± 0.16*

Ext-180 1.17 ± 0.28 1.18 ± 0.24 1.19 ± 0.27 1.23 ± 0.26*

TABLE 1: Functional H/Q muscle strength ratios 
for knee extension during the entire and end range 

before and after stretching intervention in the two groups
(Mean ± SD).

Extension, 60: 60°•s-1 angular velocity, 180: 180°•s-1 angular velocity, 
*p< 0.05 (between pre- and post-intervention).
p> 0.05 (between the groups at pre- and post-intervention).
H/Q: Hamstring/Quadriceps; ER: End range.

Control Dynamic

Before After Before After

ER-Flex-60 0.54 ± 0.21 0.54 ± 0.22 0.53 ± 0.15 0.47 ± 0.11*

ER-Flex-180 0.45 ± 0.10 0.44 ± 0.09 0.47 ± 0.17 0.39 ± 0.11*

Flex-60 0.60 ± 0.12 0.59 ± 0.10 0.62 ± 0.14 0.57 ± 0.10*

Flex-180 0.48 ± 0.10 0.47 ± 0.08 0.47 ± 0.11 0.42 ± 0.09*

TABLE 2: Functional H/Q muscle strength ratios 
for knee flexion during the entire and end range 

before and after stretching intervention in the two groups
(Mean ± SD).

Flex: Flexion, 60: 60°•s-1 angular velocity, 180: 180°•s-1 angular velocity, 
*p< 0.05 (between pre- and post-intervention).
p> 0.05 (between the groups at pre- and post-intervention).
H/Q: Hamstring/Quadriceps; ER: End range.



re la ti ons hip bet we en dyna mic stretc hing and in jury
risk cha rac te ris tics thro ugh the me a su re ment of an
im ba lan ce in thigh musc le strength (de duc ted from
func ti o nal H/Q strength ra ti o). The re fo re, the aim
of the cur rent study was to eva lu a te the acu te inf -
lu en ce of dyna mic stretc hing on func ti o nal H/Q ra-
ti os. In bri ef, the re sults of our study, which was
car ri ed out with eli te wo men ath le tes, re ve a led that
dyna mic stretc hing ro u ti nes, which inc lu de dyna -
mic stretc hing exer ci ses of the kne e ex ten sors and
fle xors, did al ter the func ti o nal H/Q strength ra ti os
for kne e ex ten si on and fle xi on du ring the en ti re
ran ge of mo ti on or end ran ges.

Stu di es ha ve re por ted that eva lu a ti on of the
H/Q strength ra ti o and of an ta go nist co-ac ti va ti on
may con tri bu te to iden ti fi ca ti on of nor mal kne e
func ti on and musc le ba lan ce with which pat ho lo -
gi cal sta tes could be com pa red.28 This may help to
exp la in the ca u ses of hams tring and kne e in ju ri es,
and may help ath le tic tra i ners de ve lop a pre ven ti -
ve ap pro ach thro ugh cor rect tra i ning and re ha bi li -
ta ti on.12 The H/Q strength ra ti o has, un til re cently,
be en ba sed on the con cen tric strength of the se two
musc le gro ups and be en ex pres sed in a con ven ti o -
nal man ner.32 This si tu a ti on, ho we ver, do es not ari -
se du ring func ti o nal mo ve ments. Ins te ad, ec cen tric
an ta go nist co-ac ti va ti on and se ri al elas tic ten si on
re sist con cen tric ago nist con trac ti on ec cen tri -
cally.33 Aa ga ard et al sug ges ted that a mo re func ti -
o nal ra ti o cal cu la ted by di vi ding ec cen tric strength
of the hams trings by the con cen tric strength of the
qu ad ri ceps may bet ter des cri be the ca pa city for
mus cu lar kne e/jo int sta bi li za ti on com pa red with
the tra di ti o nal CONKF/CON KE ra ti o.11,13 In de ed,
du ring kne e ex ten si on, the con cen tric ac ti on of the
qu ad ri ceps musc le (the pri me mo ver) is com bi ned
with an ec cen tric con trac ti on of the hams tring (the
sta bi li zer). This co-ac ti va ti on of kne e fle xor musc -
les helps to co un te ract the she ar and ro ta ti on of the
ti bi a that oc curs du ring ma xi mum kne e ex ten si -
on11,13 by in cre a sing the pos te ri or pull and jo int
stiff ness and re du cing an te ri or la xity for ce du ring
qu ad ri ceps lo a ding to op po se its for ce.34 This helps
to pre vent ove rex ten si on, de ce le ra ting the leg pri -
or to full ex ten si on and sta bi li zing the kne e jo int
thro ug ho ut the ran ge of mo ti on.34 In ot her words,

the hams tring must leng then du ring kne e ex ten si -
on and, if it is re la ti vely we a ker than the qu ad ri -
ceps, a stra in may oc cur. The sa me is va lid du ring
kne e fle xi on, in which ca se the ec cen tric strength
of the qu ad ri ceps musc le re sists the con cen tric
strength of the hams tring musc le in or der to sta bi -
li ze the kne e jo int in this di rec ti on. Eva lu a ti on of
iso ki ne tic ec cen tric an ta go nis tic strength re la ti ve
to con cen tric ago nist strength may the re fo re pro vi -
de use ful in for ma ti on that des cri bes the ma xi mal
po ten ti al of the an ta go nis tic musc le gro up. This co -
uld be mo re use ful in de ter mi ning an in jury risk
com pa red to the con ven ti o nal H/Q strength ra ti o.
Con ver sely, it is pos sib le that the an ta go nist co-ac -
ti va ti on is mo re im por tant at the end ran ge of mo-
ti on in or der to con trol limb mo ve ment. To con trol
for this, we cal cu la ted the func ti o nal H/Q strength
ra ti o at the end ran ges of kne e ex ten si on (30° - 10°)
and fle xi on (60°-90°), as well as du ring the en ti re
ran ge.

When the func ti o nal H/Q strength ra ti o for
kne e ex ten si on was ta ken in to con si de ra ti on, the
ra ti o ob ta i ned from the pe ak tor qu e va lu es du ring
the en ti re ran ge of mo ti on be fo re the in ter ven ti on
was 0.68 and 0.63 at low an gu lar ve lo city (60°•s-1)
and 1.17 and 1.19 at high an gu lar ve lo city (180°•s-
1) for the con trol and dyna mic stretc hing gro ups,
res pec ti vely. Alt ho ugh no chan ge was se en in the
con trol in ter ven ti on, dyna mic stretc hing sig ni fi -
cantly in cre a sed the func ti o nal strength ra ti o both
at 60°•s-1 (from 0.63 to 0.67) and 180°•s-1 (1.19 to
1.23) test ve lo ci ti es. Dyna mic stretc hing, the re fo re,
did al ter the func ti o nal H/Q strength ra ti os, pa ral -
lel to ob ser va ti ons re por ted in pre vi o us stu di es for
in di vi du al musc le strength per for man ce. Ba sed on
the hig her func ti o nal H/Q strength ra ti os af ter
stretc hing for the kne e ex ten si on, our re sults sug-
gest that dyna mic stretc hing per for med in a pre-
par ti ci pa ti on warm-up ro u ti ne co uld dec re a se
in jury risk cha rac te ris tics. Furt her re se arch in this
are a is al so ne ces sary to ad dress the in jury risk fe -
a tu res that fol low dyna mic stretc hing. The en han -
ced strength ra ti o af ter stretc hing co uld be du e to
thre e fac tors: 1) an in cre a se in ec cen tric hams tring
strength; 2) a dec re a se in con cen tric qu ad ri ceps
strength; or 3) a com bi na ti on of both. Ba sed on the
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pre vi o us li te ra tu re that dyna mic stretc hing has po s-
i ti ve ef fects on musc le per for man ce,6,7 our opi ni on
is that dyna mic stretc hing has in cre a sed ec cen tric
hams tring strength mo re than con cen tric qu ad ri -
ceps strength, in spi te of dec re a sing only con cen tric
qu ad ri ceps strength. On ac co unt of this, hig her ec-
cen tric hams tring strength as to con cen tric qu ad ri -
ceps strength me ans that this co uld help re du ce
ex ces si ve an te ri or disp la ce ment of the ti bi a on the
fe mur du ring kne e ex ten si on. By this way the kne -
e jo int go es to a mo re sta bi li zed con di ti on and thus
in jury risk cha rac te ris tics are lo we red. In ad di ti on,
the hams tring has the ca pa city to leng then du ring
kne e ex ten si on and a stra in in jury oc cur ren ce co -
uld be re du ced al so.

The func ti o nal H/Q strength ra ti os in our study
are con sis tent with tho se re por ted in pre vi o us stu -
di es that cal cu la ted the func ti o nal ra ti o for kne e ex-
ten si on du ring the en ti re ran ge.1,19,35-40 Don ne and
Luck will re por ted an ave ra ge ECCKF/ CON KE mo-
ment ra ti o of 0.63 thro ug ho ut the range of mo-
tion.36 It is im por tant to no te that they did not ta ke
musc le length (i.e., jo int ang le) in to ac co unt in the -
ir analy sis. Dvir sho wed that the ra ti o de ri ved from
low/me di um test ve lo ci ti es we re typi cally wit hin
the ran ge of 0.95-2.05 for he althy adults.37 Ta king
jo int ang le and a chan ge in an gu lar ve lo city in to
con si de ra ti on, Aa ga ard et al. sho wed that the func-
ti onal ECCKF/CON KE strength ra ti o in cre a sed abo -
ve 1.00 with in cre a sing ve lo city.11,13 The ob ta i ned
ra ti os we re 0.6 at 30°•s-1 and 1.0 at 240°•s-1.13 To ur-
ney-Chol let et al re por ted that the func ti o nal ra ti -
os in ex pe ri en ced ma le soc cer pla yers we re 0.8 at
60°•s-1 and 0.88 at 120°•s-1 an gu lar ve lo city.40 De
Ste Cro ix et al eva lu a ted the func ti o nal H/Q
strength ra ti o for kne e ex ten si on and fle xi on in dif-
fe rent age gro ups of he althy fe ma le sub jects.35 They
re por ted a func ti o nal ra ti o for kne e ex ten si on at
60°•s-1 an gu lar ve lo city of 0.8 for 17-ye ar-old and
0.78 for 24-ye ar-old fe ma les. Hol comb et al as ses -
sed the func ti o nal H/Q strength ra ti o in fe ma le col-
le gi a te soc cer pla yers and fo und ra ti os that we re
si mi lar to ours at iden ti cal an gu lar ve lo ci ti es (0.7 at
60°•s-1 and 1.1 at 180°•s-1).19 Anot her study conduc -
ted in ma le ama te ur soc cer pla yers sho wed a ra ti o of
1.11 at 120°•s-1 test ve lo city.39 Fi nally, the re li a bi lity

study re por ted by Im pel liz ze ri et al in di ca ted a
func ti o nal ra ti o of 0.71 at 60°•s-1 ve lo city.38 The
func ti o nal H/Q strength ra ti os re por ted in our study
we re hig her for the end ran ges of kne e ex ten si on
(0.96-1.07 for 60°•s-1 and 1.48-1.56 for 180°•s-1)
than du ring the en ti re ran ge of kne e ex ten si on. Si -
mi lar re sults we re ob ta i ned from the few stu di es
that cal cu la ted this ra ti o at the end ran ges of ex ten -
si on.13,41 Aa ga ard et al sta ted that the func ti o nal H/Q
strength ra ti o in cre a ses at mo re ex ten ded kne e jo int
po si ti ons.13 The ir re sults disp la yed an in cre a se from
0.6 to 1.0 for 30°•s-1 and from 1.0 to 1.4 at the end
ran ges of kne e ex ten si on. The func ti o nal H/Q
strength ra ti os from the study of Kel lis and Katis
we re al so hig her (2.2 for 60°•s-1 and 2.7 for 180°•s-
1) for cor res pon ding end ran ges (30°-10°).41

Ba sed on the me a su re ments of pe ak mo ments
from the en ti re and end ran ges of kne e ex ten si on,
the func ti o nal H/Q ra ti os of 1.17 to 1.23 pre sently
ob ser ved for fast kne e ex ten si on (180°•s-1) sug gest
that the “bra kin g” ac ti on of the hams tring musc les
is equ al to or gre a ter in mag ni tu de than the ma xi -
mal qu ad ri ceps kne e ex ten si on mo ment. Furt her -
mo re, this ca pa city for mus cu lar kne e jo int
sta bi li za ti on was prog res si vely aug men ted at gra d-
u ally mo re ex ten ded kne e jo int po si ti ons, as in di -
ca ted by the va lu es of 1.48 to 1.56 ob ser ved at the
end ran ges of kne e ex ten si on (30° to 10°). This was
al so va lid for the slow an gu lar test ve lo city (60°•s-
1). The func ti o nal H/Q ra ti o for the en ti re ran ge
was 0.63-0.70, and in cre a sed to ap pro xi ma tely
0.96-1.07 as the end ran ges we re ap pro ac hed. It is
pos sib le that this trend may help re du ce an te ri or
disp la ce ment of the ti bi a on the fe mur and pre vent
hype rex ten si on of the kne e when ne ces sary. Our
hig her ra ti os ob ta i ned at the end ran ge sup ports the
ide a that, in a typi cal mo ve ment, the ago nist mus-
c les pro du ce the ma in for ce for the mo ve ment and
the an ta go nist ac ti vity is hig her at the ini ti al and
fi nal pha ses of the mo ve ment to de ce le ra te the limb
and con trol the jo int.42 Os ter nig et al sho wed that
ec cen tric hams tring ac ti va ti on in cre a sed sharply
du ring the last 25° of a con cen tric kne e ex ten si on.33

The va lu es re por ted for the func ti o nal H/Q ra ti os
ap pe a red to be con sis tent with the con trac ti le for -
ce to length pro per ti es of the ago nist-an ta go nist



musc le syner gi es abo ut the kne e jo int. It has be en
shown that the kne e ex ten sors pe ak mo ments oc -
cur at kne e ang les of ap pro xi ma tely 60-70°, whi le
the pe ak mo ments ge ne ra ted by the kne e fle xors
oc cur at 20-30°.10 Furt her mo re, the re is a dec re a se
in the con cen tric qu ad ri ceps mo ment from 90° of
kne e fle xi on to 0° (full ex ten si on) thro ug ho ut the
ran ge of mo ti on and a re la ti ve cons tant ec cen tric
hams tring mo ment, yi el ding an in cre a se in the ra -
ti o as a full kne e ex ten si on is ap pro ac hed.13 The
high func ti o nal H/Q strength ra ti os ob ser ved for
kne e ex ten si on at end ran ges are the re sult of the
re la ti ons hips of con trac ti le for ce to musc le length
and thus pe ak mo ment. At the end ran ge of kne e
ex ten si on, the hams tring musc les ap pro ach the ir
op ti mal length and pe ak mo ment, whe re as the
length to ten si on con di ti ons of the qu ad ri ceps mus-
c les are in cre a singly com pro mi sed.

Our fin ding that the func ti o nal H/Q ra ti os for
kne e fle xi on we re lo wer (Tab le 2) than for kne e ex-
ten si on are con sis tent with pre vi o us fin d-
ings.13,35,39,41 Con ver sely, dyna mic stretc hing of the
qu ad ri ceps and hams tring musc les dec re a sed the
func ti o nal H/Q ra ti o for kne e fle xi on. It is the re fo -
re li kely that dyna mic stretc hing do es al ter the
func ti o nal H/Q ra ti os for kne e fle xi on, and thus co -
uld dec re a se the in jury risk cha rac te ris tic. The de-
c li ned strength ra ti o af ter stretc hing co uld be du e
to thre e fac tors: 1) an in cre a se in ec cen tric qu ad ri -
ceps strength; 2) a dec re a se in con cen tric hams tring
strength; or 3) a com bi na ti on of both. Ba sed on the
pre vi o us li te ra tu re that dyna mic stretc hing has po s-
i ti ve ef fects on musc le per for man ce, our opi ni on is
that dyna mic stretc hing has in cre a sed ec cen tric qu -
ad ri ceps strength mo re than con cen tric hams tring
strength, in spi te of dec re a sing only con cen tric
hams tring strength.6,7 On ac co unt of this, hig her
ec cen tric qu ad ri ceps strength as to con cen tric ham-
s tring strength me ans that this co uld help re du ce
ex ces si ve pos te ri or disp la ce ment of the ti bi a on the
fe mur du ring kne e ex ten si on. By this way, the kne -
e jo int go es to a mo re sta bi li zed con di ti on du ring
kne e fle xi on and thus in jury risk cha rac te ris tics are
lo we red. In ad di ti on, the qu ad ri ceps has the ca pa -
city to leng then du ring kne e fle xi on and a stra in
in jury oc cur ren ce co uld be re du ced al so.

In ad di ti on, the ra ti os we re lo wer at the end
ran ges (0.47-0.54 for 60°•s-1 and 0.39-0.47 for 180°•s-
1) than the ra ti os from the en ti re ran ge (0.57-0.62
for 60°•s-1 and 0.42-0.48 for 180°•s-1). This fin ding
in di ca tes that the hams tring musc les ha ve a re du ced
ca pa city for dyna mic kne e jo int sta bi li za ti on du ring
for ce ful kne e fle xi on mo ve ments co up led with si-
mul ta ne o us ec cen tric qu ad ri ceps musc le con trac ti on
ap pro ac hing end ran ges of kne e fle xi on.13 It has be -
en for merly sug ges ted that the gre a ter mass of the
qu ad ri ceps may pro vi de a gre a ter vis co-elas tic ef fect,
the reby en han cing the abi lity to pas si vely con trol
and de ce le ra te the fle xi on mo ti on.43 This re du ced ca-
pa city co uld al so be at tri bu ted to the ba sic physi o lo -
gi cal prin cip les of the length to for ce re la ti ons hip,
as the spe ci fic length to for ce pro per ti es we re im pa -
i red for the hams tring musc les and en han ced for the
qu ad ri ceps musc les du ring end ran ges of kne e fle xi -
on. Al ter na ti vely, cur rent li te ra tu re sug gests that
this co uld al so be a ma ni fes ta ti on of the fact that
hams tring musc les are used to a much gre a ter ex tent
than qu ad ri ceps musc les for limb de ce le ra ti on du r-
ing kne e ex ten si on mo ve ments.36

It is al so ne ces sary to con si der the re a son why
dyna mic stretc hing co uld im pact on con cen tric
and ec cen tric qu ad ri ceps and hams tring musc le
strength. Pre vi o us stu di es sug ges ted that dyna mic
stretc hing exer ci se might pro du ce po si ti ve ef fects
on mus cu lar per for man ce by an ele va ti on of mus-
cu lar tem pe ra tu re or post-ac ti va ti on po ten ti a ti on
ca u sed by vo lun tary con trac ti ons of the an ta go nist
of the tar get musc le.6,7,23,24,44-46 Bis hop ci ted pos sib -
le fac tors re la ted to tem pe ra tu re and sig ni fi ed to
dec re a sed stiff ness of the musc les and jo ints; in cre -
a sed sen si ti vity of ner ve re cep tors and in cre a sed
trans mis si on ra te of ner ve im pul ses; chan ges in the
for ce-ve lo city re la ti ons hip; and in cre a sed glyco ge -
noly sis, glycoly sis, and high-energy phosp ha te
deg ra da ti on.45 Anot her pos sib le mec ha nism is
post-ac ti va ti on po ten ti a ti on (PAP). PAP is com-
monly de fi ned as an in cre a se in the ef fi ci ency of
the musc le to pro du ce for ce af ter a con di ti o ning
con trac ti le ac ti vity.47 The prin ci pal mec ha nisms of
PAP are con si de red to be phosp hory la ti on of myo -
sin re gu la tory light cha ins, which ren ders the ac -
tin-myo sin in te rac ti on mo re sen si ti ve to Ca2+
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re le a sed from the sar cop las mic re ti cu lum. In cre a -
sed sen si ti vity to Ca2+ has the gre a test ef fect at low
myop las mic le vels of Ca2+, and the reby im pro ving
mus cu lar per for man ce.47 Ya ma guc hi and Ishii hy-
pot he si zed that the in cre a se in for ce out put af ter
dyna mic stretc hing we re ca u sed by an en han ce -
ment of ne u ro mus cu lar func ti on, and they imp li -
ed that the dyna mic stretc hing had PAP ef fect on
per for man ce.6,7 To exp la in the pos sib le mec ha nism
for the pro bab le in cre a se in ec cen tric strength, ac-
ti vity of the musc le spind les co uld be scru ti ni zed.
Nor mally, in res pon se to a qu ick dis con ti nu o us
stretch, as is in dyna mic stretc hing, the musc le
spind le is sti mu la ted which ul ti ma tely he igh tens
ac ti va ti on of the mo tor ne u rons in ner va ting the
stretc hed musc le.48 This in cre a sed ne u ral dri ve to

the stretc hed musc le may ha ve ele va ted the ec cen-
tric tor qu e pro duc ti on of the qu ad ri ceps and ham-
s tring musc les.

CONC LU SI ON
It is ge ne rally tho ught that dyna mic stretc hing in-
cre a ses in di vi du al musc le strength. It has the re fo -
re be en sug ges ted that dyna mic stretc hing be
rep la ced for sta tic stretc hing du ring pre-par ti ci pa -
ti on ro u ti nes in or der to pre vent a ne ga ti ve inf lu -
en ce on per for man ce. Our study shows that
func ti o nal H/Q strength ra ti os do chan ge in a po si -
ti ve man ner fol lo wing a dyna mic stretc hing ro u ti -
ne. Ath le tes not in vol ved in strength-ba sed sport
ac ti vi ti es can con fi dently per form dyna mic stretc -
hing du ring warm-up.
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