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ABSTRACT

Electrical activity of vastus medialis muscle in different
leg positions
Swanpitak P* and Chira-Adisai W**

Objective: To measure electrical activities of vastus
medialis muscle in different leg positions.

Study design: Cross-Sectional Study.

Setting: Rehabilitation Medicine Department, Faculty of
Medicine Ramathibodi Hospital.

Subjects: Thirty volunteers with age ranging from 20 to
50 years.

Methods: Surface electromyography (EMG) recording
muscle electrical activities of vastus medialis was
applied during open kinetic chain isometric contractions
at full knee extension (OC) and during closed kinetic
chain semi-squats at 45-degree knee flexion (CC). Each
exercise was performed in three different hip positions:
neutral, adducted and external rotated. The muscle
activities during middle 4-sec recording from the 8-sec
trails of contraction were recorded by the root mean
square technique and compared in each group.
Results: Fifteen men and fifteen women with age
(standard deviation) of 30 (8.2) years were recruited.
Means (standard deviation; pV) of vastus medialis
muscle electrical activities during open kinetic chain
isometric contractions with hip in neutral (OC-N),
adducted (OC-AD) and external rotated (OC-ER)
positions were 104.06 (44.05), 118.68 (53.55) and
113.16 (53.48) whereas they were 132.87 (50.40),
147.37 (50.91) and 144.71 (51.36) in the CC-N, CC-AD
and CC-ER respectively. In the OC contraction group,
the muscle electrical activities in OC-AD were higher
than those OC-N (p <0.05) but there were no
differences comparing the muscle electrical activities
between OC-N and OC-ER, or OC-AD and OC-ER.
Vastus medialis in CC-AD and CC-ER revealed
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significantly higher activities than in CC-N (p <0.05). A
comparison of muscle electrical activities between CC-
AD and CC-ER showed no significant differences.
Conclusion: Muscle electrical activities of vastus
medialis muscle measured by the surface EMG were
different in different leg positions. For close-kinetic chain
exercise, the muscle electrical activities in CC-AD or
CC-ER were statistically more than exercise CC-N. For
open-kinetic chain exercise, only the muscle electrical
activities in OC-AD were statistically more than exercise
OC-N. When prescribing strengthening exercise for
vastus medialis muscle, modifications of leg position
were crucial to effectively facilitate the muscle
activation.

Keywords: muscle electrical activities, open kinetic
chain exercise, closed kinetic chain exercise, vastus
medialis muscle
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g1l 1 nseanrindsne n. vin OC-N 4. ¥11 OKC uae A, ¥in OC-ER
UNNER: OC-N = OKC knee extension with hip neutral; OC-AD = OKC knee extension with isometric hip adduction;
OC-ER = OKC knee extension with isometric hip external rotation
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CC-ER = CKC bilateral semisquat with isometric hip external rotation
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U1 hip external rotated (OC-ER)
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7N88NNAINY Mean Difference (95%Cl) P-value
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OC-N: OC-ER 9.10 (-1.81-20.01) 0.0986
OC-AD : OC-ER 5.53 (-4.94 - 16.01) 0.2889
CC-N: CC-AD 14.50 (6.09 — 22.91) 0.0014
CC-N: CC-ER 11.84 (4.76 — 28.92) 0.0019
CC-AD : CC-ER 2.66 (-5.43 -10.74) 0.5071

OC-N = open kinetic with neutral hip, OC-AD = open kinetic chain with adducted hip, OC-ER = open kinetic chain with external rotated

hip; CC-N = closed kinetic chain with neutral hip, CC-AD = closed kinetic chain with adducted hip, CC-ER = closed kinetic chain with

external rotated hip.

Tnedeyafinisnszaneuuutndnuaa Wevinssouiioy
winzlungunudnlungunisaaninaanigiuy OKC wudn
Anseenidaniayin 0C-AD finaulniinnduiiiennnndn
OC-N athefidadAtyn19adia (p <0.05) wsiifiei Bl
FEUINNNI9RANNAIA9YIY OC-N fuyin OC-ER Lazvin OC-
AD fiuvin OC-ER wudnldunnsinaiu dmiulungunis
2ANNAINTBULL CKC WL4191 CC-AD wazin CC-ER &
pauliiangsifonnnndnvin coN age g Ayng
anA (p <0.05) TpEfivin CC-AD wazyin CC-ER lalumnsing
1 (mmqﬁ' 3) flavnnisuFauiauviieaniiganialng

2189791 OC-N wazyin CC-N Anlu 100 wefidus wuqn
711 0C-AD HadaulwANndniilananngn OC-N 14.05
e fidus 4911 CC-AD wavyin CC-ER Umanln#n

NANNLEBNINNGY CC-N 10.91wafidus way 8.91 wesfidus
ANNANAL (3171 3)

a o

UNIATEU
=2 2// dgl 1 o 1 -dl 1 o o 4
nsAnEATIEnLIA U019 Tul navin 19
AaulnAndueeInduide VM singlildos Tnelungu
N130aNAMAINEULLL OKC Turin OC-AD giuilauiniinay
g enINNgvin OC-N uay OC-ER Galiiannnfas
Inuanig

funnsAn®1299 Herrington™ uaz Karst™

-17-

Umslddnminla vizeaneg lusumdla liinauansieiv
AMUFLNENN172ANANAINIELLL CKC N1388NAA9NIE
avin CC-AD uaz CC-ER ﬁﬂ§u1WWﬁﬂ5WNLﬂﬂuﬁﬂﬂdﬁﬁﬁ
CC-N dedenndesiunisAneiaes Conqueiro™® uaz
Irish! “ﬁwufmm?m bilateral semi-squat $9:AU hip
adducted mm’]mmmi@uj LLmium@mm@@aﬂunwﬂﬂm
284 Serrao'™® KATAULANULINNTYN h|p rotated ‘VNmu
medial uag lateral ”lu”l,mmﬂslmmuLu@gﬂmmmwmu
unndnn1seanniaanielusin leg press aenangn Tng
qu‘ﬁﬁiwrﬁuv'hmiﬁnm‘lﬁmﬂ%%ﬁuﬁmmﬂmuuu
bipolar Imﬁﬁﬁﬂﬁi§uﬁﬁyﬁyﬁmﬁn§ﬁuLﬂ@ vastus medialis
oblique (VMO) Lz Bafiauaaulninguiielna 14
ALasifuAa9 maximal voluntary contraction (MVC)
Iuﬂwﬁnmm;"\iﬁwudﬁﬂﬁmumiwr] (hip adduct) La
nisuyuarinneansiuuen (hip external rotate) Az
Isindnuiife vW Sraulniinnduile findu eduneldann
n&naiile vM ﬁfgmmzrﬁ”}ummé’ﬁmﬁ@ adductor magnus
mmumiwmwﬁ’ﬂmﬂﬂﬁwLf':@ VM flaanuiaifisdurin
Ieenuseldiin uazndsiiie VM Seflamnnzaned
anteromedial aspect of tibia m?mgumiwmzﬁﬂmﬂ

o

naNNHe VM Hpanumain g utin®

o

dnFunigAns L lEda 5 Uty unauwuy monopolar

g~

nImAnsuas 2557; 24(1)



118. 63*

(11 116.68

113 16 113 16

115

104- 06

(100 % 104.06

OCN.OCAD OC-N: OC-ER  OC-AD: OC-ER

n.

147.37%
150 - (110.91 %) 144.71*% 147.37
(108.91 %0) 144.71

145 |
140

132.87 132.87*
135 | (100 %) (100 %)
130 4
125 + .

CC-N:CC-AD  CC-N:CC-ER  CC-AD: CC-ER

.

g1 3 Wiefiaupsauansneespduiniindaile VM lunseenrindanag n. ngu OKC uaz 2. ngs CKC
ANER: OC-N = open kinetic with neutral hip, OC-AD = open kinetic chain with adducted hip, OC-ER = open kinetic chain
with external rotated hip; CC-N = closed kinetic chain with neutral hip, CC-AD = closed kinetic chain with adducted hip,
CC-ER = closed kinetic chain with external rotated hip.

v

aei1913ARIN SENIAM wuztindngnnsalddn

o

TU

=K A

SN RN

Arurynou

[
v

Tevsaasuuulunisfudtynyio SEMG §ady i

o

. 4 « e
Fudtyryrnauuy monopolar asanifluginsnindaguds
nnadrngaansiunalssudauazazaanndinislddo
W bipolar

v
o

UBNANT ANTANHIATY

o

HamnnnsAnEAnanNLie VM

~ a o . (8) i @ i’
\Hesa1neuddeeed Toumi wazAne® wudindnuiiia VM
o ¥ dl a 1 o % l&l
vuthnmeandn (knee extended) Hundn daundnuiile
VMO azyinuiindg stabilized patellar {uvian wazndnuiile
VM #nnsvinanugelurinainmiiangn uarauy squatting
Tneieaitng 40-80 a9pn HrinnsideaaaanAnEINd NS

o v s X o o
VM iflasannsiasnisAnndnnilefililuniawmta e
m"l,ﬂﬂfrmnm“lﬁumaﬂuwmwlumqvmq | wazANEN
msmmummﬂmmu@ VM $auLL open uaz closed
kinetic #aii Tun1eUlfiTR nsuuzihmseanmdnieiiie
WinAMNLINLIRINAnNle AlnazEuainindandnuiiie
Tnefldasininiian iWeniqesne o Wy a1n1stan
2INTUIN ANTIOULNENURELTY faziFuiasunig

o

s
AUNY

o
o

AANNAUANTIUTUA AU UD 9T rgarnnsnean

Adanguian luinguasinminidawn e 49101391971
29anduHe VMO hazilanudiAnyluanizngugileed
FBIN19 stability 289n13aguaadsiudunan @ a1nng
WAL ANUATIN (patellofemoral pain syndrome)
. 4 . X " -

n13dananaulndndnialunisAnafeildan
RMS Taen1sdnmaulndnndiniiiaann SEMG azldan
RMS Lﬂurﬁhmmigmluﬂﬁﬁmmiﬁﬁmummm’imLﬁ@ Thel
AN RMS azuiadunsaniusefunisaanitsaaadnansiiia®
wazfRdsldlivinisUiusn RMS uaduing wesann

= ‘3 o v d” = o =
ANTANHIRNINITANBHNANIENRNNLEE VM iesTmLRe0
TlFAnw e uAuNAslieinaw - uazyinsifseumey

J Thai Rehabil Med 2014; 24(1)

-18-

TuanAnALaiY A unsnindeyad RMS Aiuinldun
Wauiuliiae n1sAneafailliugainszudnemin 1 uid

Fewileuniuaudaaaes Bolgla wazaniz” ineannnaanie

a

wiazviilunisdszynavinaannnaaniganey

o

A
ZFNHTU

Nq(1,1041‘14-15)

v o [ = :’/ z A Yy v 1 a o o 1
faaninlunisdneaioll e MH§d1sanaqanivin
13119398 s Ul iauiunuaainyin OC-N, OC-AD,
OC-ER, CC-N, CC-AD uaz CC-ER ANNANGL L‘ﬁ‘ﬂ\‘i@ﬁﬂ
TlANa s FasasuninamesnRdaLazanani LEnn
2N178auAN LA laeanIzvinn1saann1adnie luasuving
1A5ausunen 9uddataauanlydlfannisFaaansuluing
AeuIREuAgIdNFuRSenAuiiniseannnaanieniuy
AL AU HNANTZNUANNNNIELNAN T UARAY d01
FasanisaaudiumegRidanudnlunisidaaianlina
nMrEaURNLHa9a1INAY mean frequency (luALananng
aaudnlilnad1Aiin s asuuladnansdninennig
C W Xy, .o o L
aauan1w) WiulasuwlasluniseanindaniewAazinmey

o

NNIZUINTINBDNNAILARETANLAY £

L]

AR sa134e
o

ididasddefunguiigquninudeuse Lidlsanasdai &g
Tianunsnuluiunuaesngugiloaiilsaasdeun
u@nmnﬁ‘lum@ﬁuyj;:Iﬂqm?wzﬁﬁ@ﬁﬂﬁlu I fanifeadas
Taun aauilan mq:me%@mwdwma‘ﬁuwﬂ TLAU
ANITNNIMNINEAN LAzsTEzIas Y Wunien
Hosvinlnaniseenindmeilasuulasly
nafilfannnsAnmesaiianunsniilduszgnddlaToe
lunsdlfihefigaiannsseuusseandunife VM da1ns
Uap sidedlaianunsnaniwiinian mnTUfiiFa Lzmn
n1seaNriNdIlLL OKC dhwfundnuiie VM daduniaiis
n’nmumiwmzsﬁfmiﬁﬂé’mm@ VM finnsvinanuiisaule

| SNy % e A Py PPN
mum‘mgﬂqwmmmmm‘wuﬂmﬂm ﬂWQLQﬂﬂQUIﬂ@Z



WANNN9RBNNIAINTEILUL CKC &u5unansiile VM Aatin
nsinsuasInnvzanisuyuas Inneanfuwanazaae
Winduiile VM 8nn9nnantiisausls

£ = 1 A o = v

faiaueunzaasnisAnesiall e ArsviansAnenTug
A a Y X P L
PinsNFan naesna e luniswtansingell

a3l nsdpeaulnAnndule Tnasaiudtynyinslniln
FRARIAMFUNAINED VM TAausnaiulumnimieesan
AAN9AL AUFUNNTANNNAINILLLL CKC N1998NNNAY
1uvin CC-AD way 1 CC-ER v lARaaulninnanuiile
LINNIIM1 CC-N @115UN1788NN189N18LUL OKC N9
2BNNN497I1 OC-AD azilpaulndnndnuiiiafndnvin OC-N
WAZYIN OC-ER n195usuwmiiareadnn lunizeaninadiine
WAL TINANHILE VM Azdaangsfunisniei
YDINANLDLNNT U

anAngsNUszn A
AR TN TUSITH NGNINUIZUIATNEIUASTIATA
ADLTUNNEANARTI9NENUNATINNBLRA NUINENALNTAR

LANANTANIDY

1. Bolgla L A, Shaffer SW, Malone TR. Vastus medialis activation
during knee extension exercises: evidence for exercise
prescription. J Sport Rehabil 2008; 17: 1-10.

Alnahdi AH, Zeni JA, Snyder-Mackler L. Muscle impairments
in patients with knee osteoarthritis. Sports Health 2012; 4:
284-92.

Mizner RL, Petterson SC, Stevens JE, Vandenborne K,
Snyder-Mackler L. Early Quadriceps strength loss after total
knee arthroplasty: The contributions of muscle atrophy and
failure of voluntary muscle activation. J Bone Joint Surg Am
2005; 87: 1047-53.

Stevens JE, Mizner RL, Snyder-Mackler L. Quadriceps
strength and volitional activation before and after total knee
arthroplasty for osteoarthritis. J Orthop Res 2003; 21: 775-9.
Greene KA, Schurman JR. Quadriceps muscle function in
primary total knee arthroplasty. J Arthroplasty 2008; 23: 15-9.
Reeves ND, Maffulli N. A case highlighting the influence of
knee joint effusion on muscle inhibition and size. Nat Clin
Pract Rheumatol 2008; 4: 153-8.

Spencer JD, Hayes KC, Alexander IJ. Knee joint effusion
and quadriceps reflex inhibition in man. Arch Phys Med
Rehabil 1984; 65: 171-7.

Toumi H, Poumarat G, Benjamin M, Best T, Guyer SF,
Fairclough J. New insights into the function of the vastus
medialis with clinical implications. Med Sci Sports Exerc
2007; 39: 1153-9.

Soderberg GL, Minor SD, Arnold K, Henry T, Chatterson JK,

Poppe DR, et al. Electromyographic analysis of knee exercises

-190-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

in healthy subjects and in patients with knee pathologies.
Phys Ther 1987; 67: 1691-6.

Coqueiro KR, Bevilaqua-Grossi D, Berzin F, Soares AB,
Candolo C, Monteiro-Pedro V. Analysis on the activation of
the VMO and VLL muscles during semisquat exercises with
and without hip adduction in individuals with patellofemoral
pain syndrome. J Electromyogr Kinesiol 2005; 15: 596-603.
Irish SE, Millward AJ, Wride J, Haas BM, Shum GL. The
effect of closed-kinetic chain exercises and open-kinetic
chain exercises on the muscle activity of vastus medialis
obliqgue and vastus lateralis. J Strength Cond Res 2010; 24:
1256-62.

Stensdotter AK, Hodges PW, Mellor R, Sundelin G, Hager
Ross C. Quadriceps activation in closed and in open kinetic
chain exercise. Med Sci Sports Exerc 2003; 35: 2043-7.
Herrington L, Blacker M, Eujuanes N, Smith P, Worthington
D. The effect of limb position, exercise mode and contraction
type on overall activity of VMO and VL. Phys Ther Sport 2006;
7:870-92.

Karst GM, Jewett PD. Electromyographic analysis of
exercise proposed for differential activation of medial and
lateral quadriceps femoris muscle components. Phys Ther
1993; 73: 286-95.

Serrao FV, Cabral CM, Berzin F, Candolo C, and Monteiro
Pedro V. Effect of tibia rotation on the electromyographical
activity of vastus medialis oblique and vastus lateralis longus
muscles during isometric leg press. Phys Ther Sport 2005; 6:
15-23.

Hertel J, Earl JE, Tsang KKW, Miller SJ. Combining
isometric knee extension exercises with hip adduction or
abduction does not increase quadriceps EMG activity. Br J
Sports Med 2004; 38: 210-3.

Laprade J, Culham E, Brouwer B. Comparison of five
isometric exercises in the recruitment of the vastus medialis
oblique in persons with and without patellofemoral pain
syndrome. J Orthop Sports Phys Ther 1998; 27: 197-204.
Smith TO, Bowyer D, Dixon J, Stephenson R, Chester R,

and Donell ST. Can vastus medialis oblique be preferentially
activated?: A systematic review of electromyographic studies.
Physiother Theory Pract 2009; 25: 69-98.

Hermens HJ, Freriks B. SENIAM 5: The state of the art on
sensors and sensor placement procedures for surface
electromyography: A proposal for sensor placement
procedures. Published by Roessingh Research and
Development, Netherlands in 1997. Retrieved August 15,
2012, from http://www.seniam.org/

Kallenberg LA, Hermens HJ. Behaviour of a surface EMG
based measure for motor control: Motor unit action potential
rate in relation to force and muscle fatigue. J Electromyogr
Kinesiol 2008; 18: 780-8.

nImAnsuYaIs 2557; 24(1)



