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Analysis of Muscular Activity in Vastus Medialis Oblique and Vastus Lateralis
depending on Types of Kinetic Chain Exercise and Muscle Contraction
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ES Tk 59 253 H tE EHlE2Hvastus medialis oblique, VMO)9}F 7155l &-Hvastus lateralis, V)9 ZEAEE Rlsti
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ER07 siginh A7e 200 Yy RojdgAe F 38W(EA 31, oA TH)S dideE 30RMRepetition Maximum)
BAR whEAES) A0 i8S A7 534 ANHES TSNS, 2 S el A% ojTeel Aslte 7ECE &
ECCleccentric contraction, 180° oflA] 135° 7}A]), 90 ECC(135° ol|A] 90° 7}A]), 90 CON(concentric contraction, 90° oA} 135° 7}A])
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Abstract

This study aimed to verify the activity of vastus medialis oblique(VMO) and vastus lateralis(VM) depending on the types of muscle con-
traction during the barbell squat and leg extension. A total 38 healthy bodybuilders(31 males, 7 females) used to the resistance exercises
were participated in this study, and they were instructed to do the barbell squat and leg extension using their 30RM. Both barbell squat
and leg extension were divided into 4 phases based on the intersection angle between thigh and lower leg: 45° ECC(eccentric con-
traction, from 180° to 135° ), 90° ECC(from 135° to 90° ), 90° CON(concentric contraction, from 90° to 135° ), and 45° CON(from
135° to 180° ). The muscle activity was recorded for the VMO and VL and expressed relative to the maximal voluntary isometric con-
traction(%MVIC). the VMO and VL and expressed relative to the maximal voluntary isometric contraction(%MVIC). Also, the ratio of VMO
to VL was calculated. The results indicated that during the barbell squat and leg extension the activities of VMO and VL were the highest
in 90° CON and 45° CON, respectively. In the 90° ECC and 90° CON, both VMO and VL activities were higher during the barbell squat
compared to the leg extension, and the ratio of VMO to VL in dominant leg was higher in 90° CON during the barbell squat compared
to the leg extension. These results could provide useful information on the prevention of knee injury and the enhancement of stability
of knee joint via the muscle strength in lower extremities.
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e aE(Eo El 24, patellofemoral joint)2] 7]%5{function)
7} Qg A(stability)= W = dEe JElot A 253 22 F
5 SHgAHactive stabilizers)?} et 22 45 P AHpassive
stabilizers)2] 243 A5agoz Qs FAHEKDong et al.
202D. & A F shiRl IEELZ(UHZB,  vastus
medialis, VM) FEHTEIAES B wlg- F83% 9
= Zlog RuEEUan et al, 2009), E3] REHIYSZW)
Z3320] ¥, vastus medialis oblique, VMO)& F-2mj9] 422)
AY ZoA 50° AL APHOE ¢ERIo o] 9193 Bol 9]
T TARE, 7S84, vastus lateralis, VD)9 750
2 Q3 FEmrt 5o BAAE e FRAHOE Pshs
L2 she o= defA tkDong et al. 202D). ol#E A=
HE&HWO0)9] Rl 0-15° o 2 #3old FEmE 7%
o7 o]FaH shal ole FEWe| EHA, FEHTE 5% F
S(patellofemoral pain syndrome, PFPS)#} 7-e- F-23bd A3t}
HBHAXo] & 7oz HIEYTKMohr, Kvitne, Pink, Fideler &

B

Perry., 2003).
ARese oFFe 7ML 28S FINA HAY AA

‘dHl(condiion) & frAlske HHOE, FHdTEdAE 553
s8E ol FAE diste dod 8% TS sk S
Ho]tMuyor, Martin, Rodriguez & Antequera.,, 2020). QHEH &
VM 7RV < HoEilZ g 2 E AN,
quadriceps femoris)e] TEZQl Agte-s WHo =z 1o A
(leg extension)s} 2~HE(squat)’} JU=dl, F12dHe tiEF
2l dA(open kinetic chain) &E22 ASH3} Yl ol
HERN (A T-o] A5A 22 shte] #A(single joint)
ot FZJo] WAt R AX7FEH 7} AgkE ARgelAl A
How 285 A3lel] Sds duHoRE AMshs Wolt
(Escamilla., et al, 1998, Irish, Millward, Wride, Haas & Shum.,
2010). ojoll Wl AFE= 23IAREclosed kinetic chain) +5°&
AFHst FHE Py FERE 9 DEAH-A FAl &
Z9lo] WAEHA H=tl(Stensdotter, Hodges, Mellor, Sundelin &
Hager., 2003), 2~FHES] ojld(ascending)¥} Tl (descending) 5
oF B7)| A& gluteal muscle)s} WA 280 73k A3l
I olg} FAY AAE HEATIE dlE] 28E SAHERE A
&5Y F Ao AyEciSlater & Hart,, 2017). AAF A=
2FES} 22 FE 5 AHAF O3EY 1fr8 W
(proprioceptive reaction)¥} & A]9==(co-contraction)o] ©]FojA| =
2 diiEs EEET § 71589 SAE AEJaTang et
al, 200D, 2~FE°] 60° FEFE Y XA WO =7}
7V & Bl VMOVLe] 18t & Zlog Rl itk Hertel,
Earl, Tsang & Miller., 2004. 18} 2 d7olAe dErE &
o] 3ARI(dinical) &AM B AH3 A& HHY F= ot
3 Amsh=d(rish et al, 2010), #1928l 2] VMO= 60-90°
FEHE H30A 7P EAdslEtial skt Brownstein, Lamb &

3

182 Sport Science 2022. 40(1)

Mangine., 1985). °|%% VMO #4438} &= VMOVLE FAI7)7]
Asf YReAE F 7 FEY &5 BT FESIsH AHeEHL
Ak

55 ©EA(concentric) 53 A7 (eccentric) FOE
28§ JEd, 924 58 280] 9B HalEg 2 A

sl FFo] FEsIAA AoAle F5E Ueke §h,
TEE 50| solUA o Fato Ao AFske=
waltMike, 2015). 27149 4% FEIS nlwd o, 2
M 50 954 FHET 20-60% B & s AT
ot B aE )l (Hollander, et al, 2007), AgATFoAE 2o
s A8d 4 ok 7MY ARA a0l 28R
Hlth(hypertrophy)e o £31¢ 5= Hkal E33{tHSchoenfeld,
012). =g A 752 FEHE &) e 25Ty F
% A3} 7l S Qg AZEZR OIS FAshs T8 84
o, &R FFH el B APATolA A8t
A 53 AAE Holal 9l om(Acartz, Sizen & Ari., 2021), Y-
AFolAE 275 Felod mE VMO VL 4 5= AolE Kol
A Fetal FE7]E 3% tHSouza & Gross., 1991).

LEARET 245 Fejol W VWMOg VL A% 2 VLo o)
g VMO9] H& Zol& I A7 F= PEPS, AAARIY)
(anterior cruciate ligament) <43} 22 FE34d A3S 7K F
A2 thd(Kvist & Gillquist., 2001; Tang, et al., 200D 3]
of g HHoA HHRE AFIAT, sATES LA
A 25 JPHEY AXY AAe| Wt we} T A}
o2 HY 4 9o mF(Wallace, Salem, Salinas & Powers., 2002),
Aol gt HsAEE FAS &sAET 275 FH
e FaVE HuENE davt S Aoz AZdd. uel
d, 2 dAFelAe oeket A o] dsgt 200 dY B
g MrE o s dare 6% da9xuds) 23t
&% HHEAFES Sk 58 255 EH 0E VWO
TEEE Rt olF HuFowH, A I AT
e T FEHEHE o 2 KA SEE A% &5
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Values are presented as meantstandard deviation or frequency (%).
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2o g Ho
Isometric Contraction, MVIC)

=2 (Maximal  Voluntary
%, 3RM AR 2R 5
st} Aug sk

1) 1RM(repetition maximum) =&

IRM 24L& Brzycki(1993)0] AlQkst 34
2 24390 4 ATt 5
tol WA ES) B el S
SIS $A2S WA

ok
of

=1
=

i

VE T T FHSE 2480 A5H

Tt 2ok RMeSo] 28 Fa

tlo L o ok J

9 2= =8

A EQL 1 2RA Al HEHIE2Z(VMO)F 71584
2o 2BAHEE SAs] Sell 42 7 sHad= M-
El(Telemyo mini DTS, Noraxon Inc., USA)& AR5t ¢4, A
S 27 Alole] Agre Haskelr] sl ASFANE v
2 g5 AL 988 ¢3S £o08 T F 10m 2HY A

=4 990] e AP AFE 0m AZE Fol 74 5o F

Haoack NN LZ(VMO)S I EM7IAASIS S} S
(patella) QHE-S o] Adof 4/573o] A=< HABIGAL, 7HEE2

2VL)S 79, kojojrdm7 A (anterior superior iliac spine, ASIS)
o} F-Si(patella) 7152 o] Ae] 2B A=E BT
(Hermens, Freriks, Disselhorstt-Klug & Rau., 2000).

TR FHEIAE Ase gAELsRE Adskeo] /1918 A
E1e] Myoreserch XP 1.08 software(Noraxon Ins, USA)E 53l
RMS(root mean squre)®Ho 2 2= ATk Azo FEE
ZE(ampling rate)e 150002 AR, Fue g9E
(bandpass-filtered)& 40-250H:8 AR&-3F3 .01, =X ZE{(notch filter)

=

= 60HE ARSI

3) Hh SO SHA S22 (WO) 25

e TAEge FEsP] s A oA S =
HMVIO  thig At RIE%MVIOS  4FE3HtHKendall,

McCreary, Provance, Rodgers & Romani, 2005). QHEHIYo
(WO 71845 e2(VD)9] Hd) <o) S 53MVI0) 374
< f8l, AT HolE fo JuHEE 0° 5Tt JH
2 ool dreimE MER 143 § 75 80° 59 9A
oM HE =2 wSHITHNewman, Jones & Newham., 2003).
A AT dERE =eAEhs Tkt AN
Zo] 5x7F WSS SIATE D A npAE 125 A9

& 323b0) ARE ST SASL WA ST F 019
22 2439, 38 34T ¢ & WERE Agsiglon), 29
250] T3 0FE A2 Slal 24 28] AL Asks
= sk
80°
J21 1. MVIC S3d
4 BT Al
AT BATRY H89 A4e 99, oo névisie

(NEX-FS700, SONY Tokyo, Japan)& A7oldAp7t 528 33}
+ A = 4m Aol AHOZHE 85cmo| Eo|E HA|sto]
e T B e AR T2 A3 sV
(Visol, Korea)& AME2IATL, 2k 38T o 5271719 294
s = 1MEE FE 7159 dETeles I e
dlolelel] 7188 AsE Fgato Fxseith BE ATt
ARA HolzE 283 & doklw(femun)o] ZE7|(great
trochanter)9} 71&:34-g7(lateral condyle) 2 71&-E-Abm(lateral
malleolus)el] =& ~E|AE F-Eee] npEAFES}L #|T10)2H
e 27 Fsigla, sHd 982 Dartfishil Team Pro
Software 6.0(Dartfish USA Inc., Alpharetta, Georgia, USA)E AR&-
ato] ik 2EjAS AAT A ARlZo] 135° (FEHAe 45°
B ARe Slskh

Hoielmel olgitke]e] ARslizto] 180° Q1 Aol Alksled
90° 7} 2 w7 2Fole A T FEEY 180° FE 13%° 7t
A|Z 45° 274 (eccentric) 423(45° ECC)o2 Aolslal, T2+
g 135° HE 0° 7RE 90° A8 $390° ECC), FEud

90° F¥ 135° 7H4E 90° ©@=A(concentric) 47=(90° CON), 18]

=

L
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tel AREAE ANslel FUR Bl AT & YT 257
8 AL WAL, AF AF A AL 534 AN Tk
N FA F B AU AASYOR, FA5Y 1 28] F4)

A
Hsl=s wS3ITE 72t B2l Uik S JRMOE A3}

(Lawrence, Braman, LaPrade & Ludewig, 2014) W EZ&S ARS

alo] AT Y S5 FASHES aSSIGith
e AR HPEAFE 3 A, RS opidRITkE

&AMl BpRe AR SARTCIE SR, upper trapezius)

o ¢lo] o] 90° F5go] HES HE AAE AE

e s Hote=s wsd & WAyt 153

7TH =g a4t He

A= TAE -
BT o3 Yod W WHEAR S Bof g% Lo
U=E wS3ieith

Qe B2l AIARA ) A, AT @0
WA 7170 goh TRV iz} Aol Fol IS
Suolst o4 2ASHGT, PRASE AN B2 of
0en Aol 9R3=S 2AHE0E L9 FH42 Y3t
e 2gwel Bl Aasap) o8 A $2ol
23h5ick

3, Rl

AR ES} O 8§23 78 Al BRI %
HYSHVMO) 71&45 VLTS 9 Vil tigk WO H]
&(VMOVL) zolE BRIk 93 i-g-&E t-717(paired t-test)
< ANBIAAL, 7 FA] weh VMO VL 84 =9k VMO:VL
WSS gelsly] 93 WS4 Ak (repeated measure analysis
of variables, RMANOVAYE AASIAoH,  Hafre|ZHLeast
Significant Difference, LSD) 78S &8 A% (post hoo)S 4
AlBltE 2AHY BE ZAzE SPSS 210 for Window 574 Z271

e ARESl] FABIGTL, BE AF ForES o062 A%

stk
Il o3 a
1, HIAZIE Sip} 2| JlARM S5 A| DHIS OiZHIHS

MOzt 72V o] e
SAE VMO9| 74, vPAFE 52 Al FERE9] 90° ECCot
90° CON9| A =(ZH2} 39.02+-22.67%MVICS} 51.35+31.54%MVIC)
= #7928 52H15.53+7.81%MVICH 21.73+10.06%MVIC) Kt
E=QE(Z2} 8437, p=0019}47.524, p=001), VL =3t P AE
E2(Z}z} 38.33£19.44%MVICS} 49.18+25.66%MVIC)0] 1] 28l
A S2HZEZE 16.95+9.12%MVICSF 24.75+12.28%MVIC) BT} o
Ho7  SHUCHAZ 8543, p=001¢} £.877, p=00D).
VMOVLE HMXFE 52 F FE34e] 90° CONL.03+0.25)
TR g2 28A F2H0.92+10.28)004 H AR FelEg]
TH#2.294, p=028). HPE~AE SZojA] VMO VL] &8 EE
FE3dol 90° CONolA 7Hd & Aoz aRiE vz
F63.659, p=0019} F=72.552, p=00D), @126l S ojri=
Sl 45° CONolA 78 =2 7oz ERIHJAHAY

F81.928, p=001} F=18.657, p=001; X 2).

I~

I 2. HHARIE F2b} 2o AHIM SAF Al RS QIEEIE2AWOL 7IEs23V0e| 2&ME
45° ECCa 90’ ECCo 90 OONe 45 OONd F O Post-hoo
HEAZE 10801207 30022267 5135:3154  2336+1620 63650 (001) obyda
3%;'1'53:5 B oAEA 18714883 1553+7 81 217341006 266141528 31928 (001) doyarb
t [ 0841 (40 8437 (001) 7524 (001) 1,468 (151)
HEATZIE 2158+1230  3833+1944  4918:2566 256141224 72552 (001) obyda
7(%?{/%5 2 olAEA 207249 14 16,9540 12 2475+1228 330040372 18,657 (001) dyoyayb
t [ 0461 (649 8543 (001) 7877 (001) 1,93 (060)
HEATIE 099:043 1024028 108025 0904035 2351 (097) -
VLOH 3T oy 0941033 096-0,39 092028 086-0.29 1571 (209 -
WOQ| Hlg
t [ 0,698 (490) 0715 (479) 2004 (028) 0368 (715)

ECC: eccentric contraction, OON: concentric contraction

45" ECC: 52! 18075 1367)IK|, 90" ECC: FE=a 1365°7Ef 07IK|, 90" CON: FE=gl 90°FE 13671K|, 45" CON: FE=e] 13558 1807
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2, HIAFE FXfT} 2| T AR F& Al HIPAIF
(WO} 71ERE2Ee 2ede

H2AZ VMOS A9, wpAFE E2H(Zhzb 37.93+21.81%
MVICS} 52.33+30.45%MVIC)o] &l 12) & 4(15.16+6.49%MVIC
22.83£11.98%MVIC) 5&tRTH =977} (71,516, p=001¢} £7.191,
p=00D), VL =3 wpI~FE F2 Al FE3HE 90° ECCe}
90° CON9] & =(ZH2} 40.09:19.00%MVICS} 54.15 +29.13%MVIC)
£ Y1928 277 17.62+7.45%MVICS} 26.64+11.83%MVIC)
Ho} E& Aoz IRIEIZZ 9212, p=0019} £=.104,
p=00D). BPAFAE For VMO TEAHEE FEHE
90° CONollA 714 & 7oz 3old |hd (F68.032, p=00D),
g1 2EA Sl AE WO VL] S84 E 25 FE3d9]
45° CONellA 71 & Z1o= SRIHUTH (42 F33.372, p=001
o} F956.324, p=001). 45° CONe] VMO:VL-E 45° ECC9} 90° ECC
2 90° CONKT} ve Ao BRI ThF6.408, p=001).

L-
ol

V. =9

LI

o

ATE 25 HISHEE BAE] Y8 AdEH %3t
o] A7 Hodly X4E g o g LEARET 5=
REHLLAHVMO)F 71EH&FHVL)2] 2= AJolE H
Maiity 1 Ay, wpiAAE 52 F VMOg VLY 2=
£ 90° CON F7hollA 718 =A) gRle v, #ae)~uld 52
FolAME 45° CON FHIAM 7H =2 Aoz RIS, $AS
7 HAIEe VMOt VL EF vpiAFE F2ke] 90° ECCo}
90° CON 7oA #lae)xeld FaETh 2 SRS HYo
o, VLo|| gt VMO Bl $AIST v~ E F2to] 90° CON
TFNA B8 SRR 2o AHog SlHQich

YA AF3 ule} go), FE2HA EHo 53 kg J3ks
ke EUIE2H(VMO) FEiel drEmyl o]f1 e &

3%,
o

3

L3

l

I 3 HIEAFIE A} 2 OoAHIM S5 Al HIPMS ERElRE

ol F=dhe] A (patellofemoral joint)2] SFYAAE Q3 o
& sk=d], ol WMO7F 759 #2504 oF 50° A& AMd
MELLT AT ol glom =g K TR
Iti(medial ~patellofemoral ligament)2}=. 7FskAl e U= T
220 el oJgt Aolet & 4 9l& Ao|thDong et al, 202D).
PEPS7} e S-S o= VMOSL VL] @ als ERIgh A+
oflAf= VMOgH VL &5 $13Hatrophy)=o] 1= Zlo] Uehstar, 9
SAEE WOZE VLET T 413 Zog F}IstithDong et al,
2021). o|21g PFPS BxlollAl VMOE #3lsh= Tde 55939}
FERHE Vel addolgtn AuEHer(Hodges &
Richardson., 1993), F-2m A=3l okYAL 93t Ado|gly Ay
1 9JtHChang, Huang, Lee, Lin, & Lai, 2014). VMOS} VL 5
dokzes 2843kE s A2 ades daikE &5
I FNE &5 27 3] Slev(Felico, de Carvalho, Dias,
Vigariob., 2019), 231X E 8¢ AFHE vl HEAE &5
gao28ds I o doedde 22895} %85
7RI RuE ) om(Escamilla et al., 1998), PAKE &5 %
doeulZe2 & 21y eHvastus intermedius)@] 7 (thickness)
7} 7P FANR W, @RlAkE 5 $ole VMO & FATE
7P FAYR Zez FRIEUHCheon, Lee, Jun, An & Chang,
2020). £ AFNME SAISH H9AIS BT 2RlAE 61 vt
W B AAYFERE 90° Al-oA 135° A7 TAl
QE-ETE 135° AFA 90° A7) 90° FEwd FREelA
VMO9| SA4E= dilike 6% #la9xude 59s s
o 2 208 Yeht AgdTet fARE ARE BTk e,
gk I9HKettunen, Visuri, Harilainen, Sandelin & Kujala., 2005)e1|4
2FE A FE5F0] 0° - 60° HLAolA WO s} 71
=t sl o, o A7 Vecchio, Daewoud & Green., 2018)e]]
AE 90° FEHY 24504 VMO o 8431 7853 4=
€ 4 371E VLo Bjs] VWO €457} S7ieitkal Asia
o, B A% vpi2EdA WOS] B4EE of4ld Al 90°

o

o

O

¢

rr

2t 7Es2E Vel SEdE

45 ECCa 90" ECCh 9 CON 45" CONd F i) Post-hoc
HiASIE 1033+1100 37932181  5233:3045 2154271 68082 (001) obyda
3‘%:'45"%)5 Bl ToiAEIM 18314792 15.16:649 2811938 25361218 33372 (001) doyayb
t ) 0737 (468  7516(00) 7491 (001) 1513 (139
HiEAZIE 214741064 40091900  5415:0913 424448417 3621 (060) -
7(02’\7%/% 2| TolAELM 21574878 17 6247 45 2664+11.88 317141269 56,324 (001) dc)ayb
t ) 0062 (951 9212 (001) 7104 (001) 0769 (447)
HiAzlE 094:040 095:025 096:024 078:031 6.408 (001) apoyd
it EET“%WDQ BT AHI 088027 091033 088+027 0824028 2,077 (107) -
t ) 1202 (215 0682 (4%9) 1626 (11) 1017 (316)

ECC: eccentric contraction, CON: concentric contraction

45" ECC: 52! 18075 1367)IK], 90" ECC: =8 1365°7Ef 07K, 907 OON: FE=g 90°FE 13671K|, 45" CON: FE=el 13578 1807
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Beay PSRN 90° AFelA 1357 ARl 71 &
o Hoz Bk olHF WO Bzl BE HAAT 2
do| BUAE 27 Sd% Zoldeptn), ¥ 9A(foot
position) 5ol e} kel zele SRS Aolsh ok AT
AHWallace et al, 2002)2h o] 3¢ Ao A7 wehA,
33 ATOAE B Q7o 2o vpalaAEd olad ATt

& o B 94 E= AAE ol B SH 2% 284
£2 WEPAIT o 28e 45 eEEAd U o
o] 9l ARE AT & YL Ao A2

7R (VL& 8k 283 99lE Wrishy] ffall &3] &
£5= 2§ F s E(Varanoske et al, 2019), 24 VL] A=
W27 E(back squat)®] IRM ¥ A~FHE Haze} v 733t Jad
AE Hole Aoz d#Ad td (Kojic, Duri¢, Ranisavijev,
Stojilikovic & Tic, 202D. AZd S tido= 857t A
A G548 Mg ANT A A Ades &
VL] 57} frefsiAl S71eE 2102 gRlEo] a4 A5
Hoh AR Agso] ok ool dtka AIQFEATBiker,
Savkin, Sizer & Akkaya., 2021). E3), 23X 25olA= |t
gullZdezo] sAld 53k W, EAE EdlAE HoE
Z&Hrectus femoris)o] WA F=3shal VLI}F F7HeHvastus
intermedius)o] =3 vpAEt o Z VMOZ} 4538k Z0& Bl
%] 2(Stensdotter et al,, 2003), F-EF3o] 0-30° HFo] UL wj
B} 60-90° HFY o) VLo ZAE7} oF 1ovivte Frisitha
B3l tHAcaroz et al, 202D). £ AFIME B AFoME &
A& v AL 2R 6% AT ES odd(FEH
A 90° - 136° AH7EA]) e HAE(FERE 135° A
oA 90° AHZA) 0° FEFT FIA VLY SEE dEAt
& 5% gaxElAe] FYs FHET 52 Z0E e,
HpE A EoA VLY EAEE oAl A 0° #5538 RHFE
T 90° AHA 135° AIEZEADOIA 71 2 ZoE gRE]
of AagATe} fARRE AFATE Btk & dadFdMe £~
FET} FPHE AW A%, £ tZ2R] P={decline angle)el]
uel VL] ZZA 5] Aozt gltka Awsidiet, 53 tEdt
Ql <ggo] 20° d w VLo SH=TL 7P Eoal AR 3
DE(Acartz et al, 202), % AFelAE HEE] 3
slof & 87t s ZoE AT

okt
=
K o

X o

b

FEHE 3 e 59 A EHEZWOH TIEE e
(VD& ==zl (Za, trochlear groove)ollAe] F-Em| 3)
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