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Abstract

This study was aim to examine the comparison and correlation of ground reaction force, foot pressure,
and hamstrings to quadriceps ratio in recreational runners with and without lower limb injury history. Forty-nine
recreational runners, who participated in the running assessment project at the physical therapy center, faculty
of physical therapy, Mahidol university, were recruited in this study. According to the inclusion criteria, the data
of 35 runners, who were 14 females and 21 males, were selected and divided into two groups: runners with
(n = 19) and without (n = 16) lower limb injury history. All participants were tested the H/Q ratio using the
isokinetic dynamometer at an angular velocity of 60, 120, and 180 degrees per second (°/s). The maximum
ground reaction force and foot pressure were collected during walking with a gait analysis system (Zebris FDM-
T). Comparison and correlation studies were analyzed with an independent t-test and Pearson’s correlation,
respectively. A group of runners with lower limb injury history showed significantly higher maximum pressure
at the midfoot and the heel than runners without lower limb injury history. Additionally, in runners without lower
limb injury history, there was a significantly negative correlation between the H/Q ratio at all angular velocities
and maximum force of a midfoot and a significantly positive correlation between the H/Q ratio at all angular
velocities and maximum pressure at the forefoot. This study demonstrates that runners without lower limb injury
history might have greater hamstrings and quadriceps femoris muscle balance, which could minimize the
pressure at mid-foot and heel. Less impact on the ground could prevent the risk of lower limb injury. In order
to provide management in runners with lower limb injuries, this study recommended that balancing between

the Hamstring and Quadriceps muscles should be concerned in management of runners with lower limb injuries.
Keywords: H/Q Ratio; Ground Reaction Force; Runners; Lower Limb Injury
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AURWIHIBLNN

Maximum foot 18.39 + 5.17 16.52 — 20.25 19.41 £ 4.13 18.06 — 20.77 0.370

pressure AL

danen

Maximum foot 13.32 + 347 12.06 — 14.57 16.78 £ 5.59 14.94 — 18.62 0.002**
pressure AL

NN

Maximum foot 13.14 £ 4.23 11.62 — 14.67 15.15 + 3.73 13.92 — 16.37 0.042*
pressure AL

dwin

H/Q ratio ﬂ’ﬂ&llgﬁ 50.83 £ 9.73 47.32 — 54.34 51.33+1.44 47.57 - 55.10 0.842

\B9aJa 60 °/s

H/Q ratio ﬂ’ﬂ&l!g'] 54.89 + 10.42 51.13 — 58.65 54.64 + 2.29 50.60 — 58.68 0.927

LB9aya 120 °/s

H/Q ratio ﬂ')’]&llg'l 55.96 £ 10.19 52.28 — 59.63 56.60 + 2.84 52.37 - 60.82 0.818

LZoaya 180 °/s

* significant different p < 0.05
** significant difference p < 0.01 by t — test; maximum force %118 #1@% (N) maximum foot pressure i

HAWaNINILTUALNAI(N/cm?)

AMUFUNUTIZIINIA maximum force Wazen H/Q ratio s:wmnqiwﬁn‘ioﬁﬁua:vl&iﬁﬂiz’j”ﬁmsuwLﬁu
TUNATT WUANMNIFNABSITINANYL T2WI1967 maximum force NNANSLYNAL @1 H/Q ratio ﬁmwﬁu%wu
60 °/s (r = -0.363, p = 0.04) NANWLTUTIYN 120 °/s (r = -0.458, p = 0.008) UAzNIANULTUTIYY 180 °/s

(r = -0.428, p = 0.015) lungusinIsn lifidsziGnsualduseedn auaadluaed 3
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A , v o ¢ ' ' . ' ) ' i\ o A da A an
M1 N 3 LRAIANAMURFUNUIIZHINNAT maximum force LazA1 H/Q ratio ifzﬁ’J’l\‘lﬂquuﬂ’NY}&lLLavaMNﬂ‘EZ’m

MILIALILTLIRDN

Ay néuﬁnéaﬁh\iﬁﬂszﬁms néuﬁnéaﬁﬁﬂ‘szﬁms
V1AL UTEN9ATN V1ALSUTEN9AN
r p — value r p — value

Maximum force @u#1IUa18L — H/Q ratio 0.333 0.62 0.148 0.375

ﬁm’mﬁ’u%aagu 60 °/s

Maximum force @unbItlanani — H/Q ratio 0.280 0.12 0.232 0.161

ﬁm’mﬁu%a&gu 120 °/s

Maximum force @unbILlansni — H/Q ratio 0.303 0.09 0.036 0.830

ﬁﬂ's’l&ltg’w‘:ﬁd&!&l 180 °/s

Maximum force @U#WINA1LN — H/Q ratio -0.363 0.04* -0.144 0.388

ﬁﬂ’;’l&dtg’st‘%d&!&l 60 °/s

Maximum force AU%HINA1LNN — H/Q ratio -0.458 0.008** -0.028 0.868

ﬁmﬁm%t%aagu 120 °/s

Maximum force AU%HINA1LNN — H/Q ratio -0.428 0.015* -0.159 0.340

ﬁﬂ’;’l&dtg’st‘%d&!&l 180 °/s

Maximum force AUHWIFWIN — H/Q ratio -0.06 0.720 0.173 0.299

ﬁﬂ's’l&ltg’w‘:ﬁd&!&l 60 °/s

Maximum force @UHHIWIN — H/Q ratio -0.216 0.236 0.148 0.375

v"imwt%u%aagu 120 °/s

Maximum force @UHWIFWINT — H/Q ratio -0.092 0.617 0.135 0.419

y & A
NANLTUBINN 180 °/s

* significant different p < 0.05

** significant difference p < 0.01 Na§aUAL Pearson’s correlation

o o ¢ ' ' ) ' . ' \ e A da LA an
AMURUNBDIIZHINNIAT maximum foot pressure LLazfN H/Q ratio iz%a’mﬂq&luﬂ')\jﬂNLL@:“NM‘U?:’J@‘HW?

UIALIUTEIAY WUANMNFNAUTLTIANNAY J2HI1961 maximum foot pressure NELRIHUAEWINAL @1 HIQ

ratio ﬁﬂ'nwﬁ'w?mag‘u 60 °/s (r = 0.520, p = 0.002) ﬁﬂ’J']&lL%’JL’E\‘]QM 120 °/s (r = 0.475, p = 0.006) WaNANUII

VB 180 °/s (r = 0.393, p = 0.026) lunguindef lifdtszidnsmaidusmede dauaasluanm 4
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a

@15197 4 UFAIFNANUFNRUTIZA 967 maximum foot pressure WAz H/Q ratio seninguinIINil

waz bR UTEMIUIaiuTENIAN

aauls néuﬁnéaﬁh\iﬁﬂszﬁ néuﬁnéaﬁﬁﬂ‘szﬁms
MUIALSUIEI9ADA V1AdUIEI9AN

r p - value r p - value
Maximum foot pressure Aurbsangni — 0.520 0.002** 0.142 0.394

H/Q ratio ﬁm’nm%’u%o&gu 60 °/s

Maximum foot pressure Auvrelaneni - 0.475 0.006** 0.100 0.552
H/Q ratio ‘ﬁm'mlgu%o&gu 120 °/s

Maximum foot pressure Auvnelanan - 0.393 0.026* 0.005 0.976
H/Q ratio ﬁm’mﬁ’n%oagu 180 °/s

Maximum foot pressure GILAHINAIILN — 0.202 0.268 -0.002 0.990
H/Q ratio ﬁm’mﬁ’n%aagu 60 °/s

Maximum foot pressure AUNHINAILNT — 0.265 0.142 0.112 0.502
H/Q ratio ﬁm’lm%u%o&qm 120 °/s

Maximum foot pressure AUBWINAIN — 0.251 0.165 -0.053 0.754
H/Q ratio ﬁm’mt%’u%o&qm 180 °/s

Maximum foot pressure AURIHIBLNN — 0.100 0.585 -0.073 0.662
H/Q ratio f{A&L57 \B9aJa 60 °/s

Maximum foot pressure GNLAIF LN — 0.066 0.720 0.034 0.838
H/Q ratio ﬁmwﬁu%aagu 120 °/s

Maximum foot pressure ALHHIF LN — 0.085 0.644 -0.173 0.300

H/Q ratio ﬁﬂ'm\u%'n%aagu 180 °/s

* significant different p < 0.05

** significant difference p < 0.01 Na§aUAL Pearson’s correlation

=Y
dyduazanidagna
av Sao & A a a = v o & ' ' aaa &
nwivlidagueasdivaiounguuasAnsANUFNNLETzAINN A1 w9l JATenani (ground
reaction force) ﬂﬁiﬂﬁzﬂﬂﬂﬁﬁ%ﬁﬂlﬁﬂﬂLﬁﬁq&q@ (maximum foot pressure) LRZANFARIBANUUDILTINANL TS
dundunadda dunin (H/Q ratio) lungusindaagumwiduazlifitszi@nisualiussnsd ananai 1
wudﬁqmﬁ'nwmzmaqu WIRUN §IUGI BMI wazdszaumsainnsie Na 2 ngu lifianuuandrsnuacned
wofmayneaia annsdnwluaien 2 3Lﬂiwzﬁﬁa§a@h maximum force @1 maximum foot pressure
' . . i v A Aa A [P = & A v & .
uazdn HQ ratio sewinanduinIsnduazlifivszi@nsunaiiussnadnn FuaaslfiAiuiadr maximum force
lundazaiuvaayi 7auied1 H/Q ratio Taidnan nLiuaAT maximum foot pressure WUNLISIIBANANILTINLALE
whannhadnalisimagmesddlunguinienddszidnsueduseedin
Walianzinguinisnddsziinanaiduisndndulng dnisniadunuits auaz 40 9199:4
anuduldledn ﬂ@;mﬁﬂ%dﬁﬁﬂi:’ﬁﬂﬂiﬂmL%‘U‘EE}’NﬁﬂlﬂﬁLLulIﬁ&lluﬂ’ﬁmﬁﬂ%ﬁﬂﬁ&uLﬁﬂLLN:ﬂmaLﬁ’]&l’mﬂ’j’]

L e A A A an = & = ¥ o Ao o A ' = o s Ao '
ﬂﬂqmuﬂﬁﬂﬂvlauNﬂiz'ﬁ@]ﬂqi‘uqﬂlﬂ'ﬂiﬂqﬂﬂ"ﬂq SINﬂ']iﬂ\juﬂ'ﬁuﬂﬂﬁuL"fﬂlumuq@lﬂwqﬂﬂ')']E]']ﬂl:ﬂuﬂiﬂfﬂUﬂu\‘i"ﬂuq‘lﬂg
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mstaisunseanvazdunssinmsedonlwifidoundasmasainmsunasusensdanle uazannisinm
w99 Thijs Y. Tudl w.a. 2551 wuinmsasinmindduri vinlwiAansuneduaesduwlddni nsuiasy
°1Ja<1LﬁuﬂﬁmLiaLLazngﬂﬁﬁm“ﬁd %dﬁwvlﬂ;jm';zﬂ'mLﬂﬁwﬁaﬁm%ﬁw (5]

NMSANBIVEY Van Ginckel wazaaaelud w.q. 2552 wuin ﬂ@juﬁfﬂ‘jaﬁﬁﬂizfﬁmsumﬁmaa
imaﬁmﬁlzﬁl,l,uﬂﬁumsmzmaJLLia"umzmﬁmﬁfﬂI@mﬁLVTWVL@T"ﬁm'hmjuﬁfﬂ’iloﬁvl,&iﬁﬂiz’a“@mimmﬁwmsmdﬁ
91 Taglamizmsassimsnidumiiinguazmsldszoznaawluasinninusn ssurnewwantdunitale
TaseiFnsdaainsanmmesunn [12] wananil gawuindessenuudussasnduiitedunuaznsd
mmamqamadnsﬁmﬁaﬁumﬁama finadausanszunnaasiuazinllgnisnaidvvasdiuazdildan
@28 [13]

£ s 6 1 1 . 1 .
AIMNANNWDIZHINIAT maximum force Laza1 H/Q ratio

'
A A

WWaNINTMITATANNFTNA BT IZTWINIAT maximum force WazAN H/Q ratio IINKNANTANEIANL I
L e A A o a e = & A v o & a o ' ' . .
luﬂqwummvmmﬂizmmimmLﬁm‘smaﬂmmmwauwummNﬂwusxmwm maximum force Laz @1 H/Q
ratio a2 NANLRUINAIILHT LEAI AR AN néjuﬁfﬂﬁaﬁvlajﬁﬂszi'ﬁm‘sm@Lﬁmlaassmﬁm ﬁmmauqamaa
NENNLHAUVIAIBAUN LAZNANULHEAUIITIWARINAFINA LA LIINTE VNI daN Y eI It08ad Llatiyy
ﬁ'umjuﬁfﬂ%ﬁﬁﬂi:iamim@Lﬁwaﬁmaﬁm TanuANUFNARTAINA a8 lsAaN MsuUIHNEwaL198
wod1Aype9auls maximum force wazdn H/Q ratio lunguinieflifivsziGnmmadussadn anaian
ﬂs:qn@‘l*’ﬁ’[umaﬂﬁﬁﬂ luLLdmaumiéﬁLﬂ’mmmﬁaﬁa:ﬁwjﬁfﬂ’iaﬁﬁmim@Lﬁu wIaldsziamsuiasulyd
' .4 X A A A, . Y

fin H/Q ratio NNNTR LWaLAN LaMFlNNTRANIN TN NAGILAINA1ILN

' . & ' & [ o v & o @
A1 H/Q ratio @9iLe 0.6 TuVLﬂVLGI§Uﬂ'IiLL%Z%'11%L‘]J%Lﬂ'l‘ﬁll'lElluﬂ’liaﬂaaﬂﬂ’lﬂ\‘m’]ﬁlLLUULQW’]ZL%’IZ%\‘]

'
v A

WaaaaMIunalduaadnluininveIteltn [8,10,14] :nNIANE WY Yeung il w.a. 2552 wuin N
& Aa . o . A & a | A A A A = o & o
szzAuiifien H/Q ratio Waundn 0.6 NaMuTuBayu 180 asedadunfl anuduslunsuadunduiiiadn
v L= J L= 0‘2/’ U ¥ U U Qs 4 o L= bl L= QI dl =3
P URIINNTY [6] @911 MIEnndmLkadudunasInduwFasdayluniuyinisnuaiduesdn
lasfnlwiien H/Q ratio MnNiWIavinAL 0.6 thaaataduiRadlunTUIALiUTENIA lwind g
AAFUNWS 321H319A1 maximum foot pressure Uaz@1 H/Q ratio
PMNATHN 4 AN IANBIWUANURFUWBTLTILU THUATITEWINIA maximum foot pressure NFILHATRS
UanoLynAuen H/Q ratio 10210151895 60 °/s (r = 0.520, p = 0.002) NONWLITNFINU 120 °/s (r = 0.475,
p = 0.006) UANAMWLTITIYN 180 °/s (r = 0.393, p = 0.026) LLiJawavlﬁ'jﬂﬂéjuﬁfﬂ?dﬁvlsjﬁﬂi:famsm@L%U
6 d' v v () v Aa I3 a s = .
sonssanaunTaasnsdnandansii lduinlasldvinldiiaensunady wUsiuassnuasdl H/Q ratio 110
@ A a ) . o A da [N = & ' “ o o ' = o @
wiunn Waisuniunguinisniidszidnsuedusssd liwuenusunusainsy evaduldldinguin
Ql { Qi =3 ] ﬂ/l Z’ L 4 v & v e o v ¥ ]
JanfdsiGnsvnadusensde ldgulaluntsasiminiidanowin Sedesendanivinausesnanuiitanad
k3 ¥ v v v { J g/ e { v o ] Q >
waznaNtila U urINuInTurIaianunaInna1avaIn1IaIRIRIN ANl LNy AnuFaNAuE
AINE1?
atnalafiony msdinnit idunafinslugduny cross-sectional study SsvilwenndansaTunuaing
WAZHANIZNY (cause and effect) 11n13u1aiuvi liiRazduuunisiefenlniauiny wia guuuuns
wdaulmfidufassivlfifansuiady daiu nsdnsluewaaduduzsihaulanazdnmluzduuuaas
4 o v a =3 U g
N13AN®ILDLIZEz817 (longitudinal study) F9azvinlheTursaiinguasnisuraiivlduindu
= g v & o A Aa en = & o va
nmidnfenaldiduuuwanslunmstuginisnfidszinmmaiduissdn laowuldiininena
w939 INA U AU URAT LNe Il FadiuauLdsuTIvaInd s duamunaIdansNtiladun

Murttnlng 0.6 SﬂﬁamsﬁﬁmmgﬂLmumiaaﬁmﬁfﬂmuﬁamsmzmmmn@lm@ia:mwnaacth%ﬁa‘Lﬁ
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drznaumanaununstunlilndifssdn@ivesadadbdsslunafianmmiaiduiswdodaly mavildly
NIaaRNuuzi RSN LA VLT ILTIVRINAINLHE AUV URAT ®I8 HnlRnaIuLaduUIFIURAYN
LLazﬁmMﬁdﬁmmauqaﬁu Waantada Rl AaamMIaiusensaanluinds
=
ayduanisdne
=3 ‘:qi’ o v 1 Z’ a U v 1 1 L™ A' z:l'd - i =3 6 a
mwﬂmumlﬁmwmwmiaomwuﬂlﬂmLmszmwnqwumomLLa:VLaJszzmmsm@Lﬁ]mmoﬂ"mu
AMNULANGIINY DL I T RAFIUANVUTILTINAIN LD AUITUARRIGD TR L d1InwAaIN Iuﬂéjwﬁfﬂ%
AN A [N < ¢ A v o & a o ' ' . A o ' @
AT UGN IUNALT LTI R AN FUNUTLTINNEIZTIINIAT maximum force NANLAUINAIIFILEE H/Q
ratio LLamIﬁLﬁu‘lﬁ'jwmjuQLﬁwiauﬁﬁ'ﬁﬁvlaiﬁﬂizﬁ'ﬁmim@LﬁummimoﬁmﬁmmLLﬁaLLiwadﬂﬁmLﬁaﬁum
AURRIADAIURAUING maLﬂuﬂafﬁ'ﬂﬁmL:ﬁwlﬁgﬂLLuumimim:mUﬁmﬁfﬂlﬁmLﬁm%nmnmam”ﬂ il d
g’ b U v v [ 1 lﬂQJ a A 1 Qs { 1 =3
NNINITANVURBN AELHN LA A RRZTILAALTINTEUNNA DN UV LAY TI9NTIUAATIIULFLIADNITUIALI
songdanla Lﬁmﬁﬂuﬁ’ﬂﬂ@:u%L‘ﬁ’]i’lN%ﬁlﬂﬁﬁﬂi‘:{aﬂ’ﬁlﬂ(ﬂL%Uimdﬁ‘ﬂ’]ﬁ]ﬂ&iwuﬂ?ﬁuﬁuwuuﬁg@udﬂdﬁi HINU
AMUFUNUTLTIANNAUIZAIN9AT maximum foot pressure NELAIIUA1LFAL H/Q ratio 1un§juﬁ"|,1iﬁﬂsz'3'§
& A v @ A VA A an & = <
NTUIALRUTINIAT sma’mLf]uvl,ﬂvl,m'mmaﬂQu'ﬂvlwﬂsm@m*sm@L'«ammaﬁmummwﬂﬂumsaammﬂﬂ
AN L LA U NLU AR UATINUR A RO §IBAINUT ILTIVBINAINLHD G UV IWARIG DT WA ININLT WA AITo%
mMIlFafIRANUFNgavINANkaduId URRIGanTadudwminIaINzay ddudAyediibida
A A y o A ' & A a & o
MINIT BT IINIF1 TITFUIWNIITIVATITLLFLIGNTUNALEUN LAY b
2INNAIIWIVY
a o dq/ o aaa ¥ a v =3 dl vV Aa a A = a =1
NuIpd immageuusslisonaniwmidudsanusnidandng Ssenudlumadauning
' Aaa & o Ao A = o o ) ) o A
dousPAsenanin nmsesinasuwiseilulslumsdnuluinis ensdasszdaszislunsudananions
i luld davu lunsfnslusmeanmenduisueriimmaseuussd jiennndulusaedadudy ieenn
= g { A . ¥ o o 4 °
MsANENd Lﬂumsﬁnmﬁﬁ;@nmlmamv\m (cross-sectional study) 3909831170 14I589V8INIFIUIUVUA
VOINFNAIBLNI BNNY miﬁnmﬁﬂ’ﬂsjmm:ﬁ’umsa%mﬂmm@l %39 afulenabnvasnisunaivlaadng
@ & @& a A =2 . . A o v a
TALIW luauﬁﬂmaLﬂumu’laﬂwazﬂﬂmiugﬂLLuumao longitudinal study mﬁ]:miﬁaﬁmymmqmaams

[ X 2 o . '
vadulaunan LLa:ﬁmsﬁﬂmgﬂLmuvl,ﬂmwm (prospective study) ¢ia 'l
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