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Abstract

Effects of Medial, Lateral Wedge and Difference of Quadriceps Angle on Vastus
Medialis Oblique/Vastus Lateralis
Muscle Activity Ratios

Won—-gyu Yoo, M.Sc., P.T.
Dept. of Rehabilitation Therapy, The Graduate School, Yonsei University

Hyun-ju Lee, M.Sc., P.T.
Dept. of Physical Therapy, Andong Science College

Chung-hwi Yi, Ph.D., P.T.
Dept. of Physical Therapy, College of Health Science, Yonsei University
Institute of Health Science, Yonsei University

Patellofemoral pain syndrome (PFPS) is often attributed to malalignment and maltracking of patella within
the patellofemoral joint. Most exercise for PFPS has focused on selectively strengthening the vastus medialis
oblique muscle (VMO). This study was designed to identify the effect of medial, lateral wedge and difference
of Quadriceps angle (Q-angle) on vastus medialis oblique/vastus lateralis muscle (VL) activity ratios. The
subjects were twenty young adult males who had not experienced any knee injury. They were asked to per—
form isometric contraction exercises in three postures using medial and lateral wedge. The EMG activity of
the VL and VMO were recorded in three postures by surface electrodes and normalized by %sMVC values
derived from seated, isometric knee extensions. The normalized EMG activity levels (%sMVC) of the VL and
VMO for the three postures of the lower extremities were compared using 2-way repeated measures
ANOVA with 1 between—-subject factor (group), and 1 within—subject factor (wedge). Results of repeated
measures of ANOVA's revealed that the medial wedge isometric contraction exercise produced significantly
greater EMG activity of VMO/VL ratios in Group I (Q-angle 18° or less) (p<.05). But, the medial wedge
isometric contraction exercise was no significant difference of VMO/VL ratios in Group II (Q-angle 19° or
more) (p>.05). These results have important implications for selective VMO muscle strengthening exercises
in PFPS patients.

Key Words: Electromyography; Quadriceps angle; VMO/VL ratio; Wedges.
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FE52 AA oA 79 FA 7PF EstAl &4 vk
FOoF & Aol wet A7k AFAEE 83517
SHK(Grabiner &, 1994). 53] F&doE] 7555
(patellofemoral pain syndrome)S Eso] B AQIE
A 7V &3t 248 9] shvE geA doh 75
e 55557e duuldElS(quadriceps  femoris)
9] ok3} <QFEHIR-O-F(vastus medialis oblique; VMO)]
oksl doleul el ZHquadriceps angle)d] 7}, AL
& 4491 kA9 71 £ (mechanism loss) 5l <
&) AT 4= JTHCook 5, 2000; Miller 5, 1997).
HEHIg 2ol gk ol 3] tigk iy 2R
5 &4 A A5 vl Fesh] wiel o
o2 FEdve] F559ws A% Eued
A A3} vle- FQ31tHEarl 5, 2001; Loudon
- 2002; Owings®} Grabiner, 2002). Signorile $(1995)
ko] ZpAl Wt gAdm el E9s AA doE
|2 Zhe] Wsls dojuAl ez dueuldee
o8 5o IS vF = duar Stk Ee
toe-out A&7 tHElE okl oo s Hd A
A FEHE B5o= I3 doeuldus 2] wiske
rEBlg o] Ml 23S HYHEscamilla
5, 2001; McCawe} Melrose, 1999). 18y} Fd7F S
(2004)2 FEAE EJo o] AHSE o83
cEulgEl 2] wisPl EEHIE /TSRS H
& /P = Aoy, #A=g doepldd2 2o
F7he 3 AP FEETE] 5559 Hele] 2
T Aok ®Hasieick dolulZdeiS 2k 7196ARAlel
A ASAAE sPAY B Al 5 FRISY] A4E
9l =3} FHo] glon, FE FHIFES Eddol
dolgaie 24 #sks 74 27|% i DeVan 5,
2004). X3 Al AuFAQl A Al dokeuldE2 4
& 13+5°2 Hil e (Ninos %5, 1997; Norkin¥}
Leavangie, 1992; Woodall®} Welsh, 1990), o] z}to] #&
TE &A-ol QutE(valgus force)o] ZE3HA F5%
B vA F37F dAsH] oD Amico 5, 1986).

B Al BAM dEATs B A Hxof
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2 oo gt S v HKogler 5, 1999).
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o, W& D (medial thrust)S BYH BHWHo] AE
d FE23EY  $Alateral compartment osteo-
arthritis)olAl= WS ¥EES aAA 5 #49 U

i fo

=
=
2 Y nus,
7

J31E AR K Signorile 5,
199%). o] wf thefet wedged] 282 =] U 713
(rearfoot varus deformity), =] W, ¢/ 7138 (foot
varus, valgus deformity), Z22]al B3] I
(pronated foot) T3 -2 o] 718 & F3S X
skt ARSEJAET L olfre A AR F2 B

FS vuste A7 FaAo] AAIEAHRobert 5,
1995; Vink$} Huson, 1987). Robert 5(1995)& =34
FE2AEYE IAE OO R 2= wedgeS HE3HA
, 71ERe T SrEHIYeS B A e Ay &
Hwgk Ay} {28 2ol Holx] P9kt His)
Fom, J=FQ003)% H4NS o2 wedged in-
sole Z%o] W& Astd 7 459 AR s
(%MVO)oll= gt ZpolE Holx] ggttha B3l
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2. S0
Al Algiet AAlelA Y] AdxE S48
1 7}A] (anterior superior iliac spine) ol A] —‘?‘
TAE JA% A3 FEM SN AEEH Aol
QAZEg o] olF= AEE ITh ]%Z}*ﬂ‘ﬂ]’ﬂ
AFs Fafshe WMoz ARstda, ez
7+e wedges A-&3HA Z%S W Wl - &5 wedge
S A& S woll 242 7833tk wedged] A==
28 5(2002)9] AFolA AFHAL AFdA AL
staL le 5°, 10°, 15° 5 doevldal Zo] #o3t
HILE A2 F e 15° & Sk
T =& MPIS0 system= AFEsl¥lon, 24
= 75 9 3~5 m 99 T VIEew
&S VIEFEEToRE al, FEolA WS 55° ti7t
X dEHReToR BTk

(Cram <5, 1998)(% D(Z¥ 1).

3. A3=7
AgiE 259 2HE F4e A8 SHE MPISO
system EMG amplifier module TEL 100D$} TEL
100M"& AHgstel Augs 3, AL, AT

ERRET B R R

Noraxon Dual circular surface EMG disposable elec—
trode” S AH&-3IAT) ©]
2oz HoAA, 1 cm
tx=37} Fargo] gk
(sampling rate)2 1000 HzZ 3+ ¥ MP150 SWE ©]
&3te] ofgdE oA HAE AsE Hdsinh obd
2 A&+ 60 Hz notch filter2 A3k 3 <o} A&/
(full-wave rectification)
square(RMS)E  ©]-8-3F] smoothingd+ o, FFFH
AsAZLE AZE Al
AcaKnowledge 373 Z218S AHaaRc

AFLe A 4x22 ene] 8+
HHo 2 F Y 98 5%

ZAE A5 EE FUE

AYE 3} root mean

%, 2} 280 ofe 14 94
wo}%u} A 392

2%
rEulE e FEOIM WS 55° o
7HEE e 5 9 3~5m 919

1) Biopack system Inc., Santa Barbara, CA. U.S.A.
2) Noraxon Inc., Scottsdale, AZ. U.S.A.
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A SAe AMIRETIE o83t FASE AAs)
, WA olflele] whel el $X|7F 27 A
oA AA)Ekg ek AR BlEA ASEE
sAIStA oM, 2] PS HEl Yo E HlolE
7PAEE JEE Stk

JANRIS] Afel7t Ael] FEs wEH S doE=
FE &59A 4L Fe e AAoA JHEFES
WN°= st AZHE 1A FEAE 80°04 9] Al
+5 Al HWY S53HA $F#(maximal voluntary
contraction; %MVC)S.2 A #sHnormalization) 333t
(Isear 5, 1997; Newman 5, 2003).

WedgeE WA &2 A, Wi - 2150 wedgeE ©
AR - 915 wedge)l A 212 5443 55 At
E5 St ZIHAAA s oy RIRtE EeE
3 o] Al AAeA 62319 TAA 2E5S AAISH
Gt 2+ 5 Alolddle 387 FAo] AAHaH™
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=
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5. A%

st wedgeol WE IEHIHL/VIEEST HIE
Hlwalr] sl AARE 89l Jar, wHEagle] iRl
2-891 BAHELA (repeated 2-way ANOVA)S 3+, 7R
AEZ wedge PIEHE- ZJE]ET ] tiste] tiHl(contrast)
ARS ollth FAA 988 AR A% folaw
as 062 3%, 9 AEe AR o
=8 SPSS version 120 T2 1S o] &3}tk

m. Ax

1. @FAFAY dukEl &4

A ket g st tEldl 5] fl1,
oj el £33 Aol gle A3 A FA 58S
oz stk AFaidAte] 54L v Bk
2). & 19 tdAt Havols 223490, FitAlF
2 67.7 kg, BT7)E 1743 cn, Badokuiza = 2
2 127°01051, Fe O9] oAt Havele 213419
om HAFE 61.7 kg H7l= 1723 cn, BHFETH
gz 7h 21.3°0]0th

B 2. AR dubE 54 (N=30)
dura 54
A T(m=15) A I (n=15)
ol (A) 223+1.5 21.342.6
A F (ke) 67.7+4.9 61.7+3.5
217 (cm) 174.345.3 172.3£2.2
doeizZei= 24°) 12.7+4.3 21.3+3.8
PR AA

2. Wedge & Al AFHELZ/IEHSS
TEAE(%MVIC)¢] H]
otzHlg e Z/r1Zg o o] HAFS Yol
3}, A [oME wedge PIEHE A 78, WS wedge
28 Al 119, 85 wedge A& Al 831, MY I
dM= wedge IZHE Al 79, W= wedge & A] 77,
= wedge 2§ A 800 ATHE 3).

rd

@ 2. Wedge & AHA|
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¥ 3. Wedge Z& A ¢EHIGZ/7IER e 284 4. Wedge A& Al

SE(%MVIC) 9] H]

dogulgegi zte] 19°
A wedge Bl = W - 9=
] 2§ wedge wedge
obzmylyen MY I 78+23" 119+38% .83+.13 olo] Qlar
[7VEEET g9 79420 77445 8029

o, - 9=
(p>.05)(E 7)(L¥ 3).

3. Wedge 3% A dZmgez/izyes
Hel AR 8e] Yz, wE o] 19

wedge 28 Al EHIYL/ /IS HST

A (%MVIC) H] =}o]E Lolr 7] $lste] 7RAZF
, wrEgle] 191 2-8Q) BAEAS HA
234, Wedge* HgatA G wie} viwste] Hoks
wedgedl Al 5 gt Zo|7l §ld

FENY LT HEY L
ue) AAZ 8] 91,
289 BAEY AR I)

HHEa o 1d

gl HE M o

ﬁm@mm

X
209 BHEA AHRL 1) V. a2
15| Yol o slol Aok Sk
aiedd ool 18 et B9 1 n gt 999 wedges) #80] T2doe $3
0 - 91% wedge A8 A dEURLTAEG LT = = ;
: 57 BT A9 ISWEeD) Q9H o
FAE(%MVIC) H] 2po]ZS Lol y] $Jste] AR & B N 3
I A8 A 71 ARg Awa AN, T Y
)lo] a1, RHEacle] 171 2-a%] #AHE4S AAR E]_Lﬂ Jej o zho] T o ol 4E]_E]L]
’ Yz Zo 2 = 308 v vz
Az, o3 2ol7l YATHP<.0B)(E 4). W s} s T o =
_ — i g 2+ W7} wedgee] &3 vX= FIFFS go
U VS BAGO] YORR(E 5, AN prol T a2
WHIARS @ AT wedgeS HEA 29kS s e i .
_ B g2l dke]l 3]U(abnormal foot pronation)<}
st & o, S wedgeE HE3I9S wf <HEHE } o
_ ; 0] BEEY AAL PRt B2 2AA0
Heasisges wh folshl S7HSIATHp<05) A
% 6(2d 3) (Powers, 1998). Messier 5(1991)-2 dojgjvza< 2
S o) 16" o149 A%, A AFAA WHPH o)
X 4. Wedge 38 A] SkEHIG /71 H]9] 2-291 By Ad(Ed 1)
) A3 AFY PrE BEAF F p
QHEBlE &
AEg e 704 2 352 8.188 001
¥ 5. Wedge A& A] SkEHIgleZ/71&W o vl 7iA|7F A3 2HE-
H] AM+8 AFg A= B A& F p
HEHIY e
AEg e 158 158 4732 038
X 6. HE 1o g Wl - &= wedge A8 Al EBEH2Z/7IEE 2 ¥ /AU div] #A
POy 2.2 (wedge) AM$3 AFE Avs  HIAF F P
= wedge o 79 1 79 6.679 015
29l wedge W] 2§ ’ ) ’ )
= wed
(wedge) wedge o 054 1 054 1.639 211

wedge 73§
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X 7. Wedge A8 Al SEERIG2/7IE G2 v 2-891 AR Ax(AT 1)
] AMAd A5 A= A F p
orEZH G ot
sz e .006 2 .003 543 587
1.5

=]

mJ

ol 1.0

TR

Kr

=

nJ

ou

TR

e

Bir

ol

0.0 i
wedge OI=& LH= wedge 2|= wedge
g 3. Y - 9F wedge F& Al AFHG2L/7IEH ST 24T 4
A FAE FIEAA FEHUE B5SFToE WEd o} erEHIg oz /rlEE e Hlo HFghS wedge W
o stk 22 A 78, W= wedge F& Al 119, 91 wedge 3
Tt 53537 S A% 52 IFuhe T & A] 830t} o] wedged] FHES T3 H3Jo|| A

o MAe)HQl Aslol] =& gofof s, Al U orzEBIgleto] HAelxQl ey} 71eE Aolgt AdH
M= FEm Y AAe 78S FXE AFHEHS o 3 WS wedged] H8-L FEULE 55557
o9 degAQ] e AEska Qth ol WiEoE o] AHA o] He doehdds 49 S
£ dFe 7€ A7olA AAE IEHINLZ/7HEY grolgar, #e] ofX|(arch)7} FUA W7F HAY &
22 ZEAE(MVC) HIE Aotk Saxena®t EHAW7E iEE AE WA 4 ok(Saxena<t
Haddad(2003)= doigdlzdei o] A-ASFE 7589 Haddad, 2003). B3+ W& wedges o157 EHE W
g2l 555570l AT sl =olAE=E, o] W3S Fof /&Y Wz 850 ZH QHEH]
wedge A8 A 718 doRvZEAE 25 24A]7) Heko 2 ©yle QEEHIY 2ol A-EQl AES Fo
= 5945 Aol stk stk Nawoczenski 5 T g JAES AoItH(F{d, 2004). ole} g o=
(199%5)2 wtre] Ui} wHEX|m 9] (calcaneal ever— wedge= wedgeS FHE3HA] &3S WEdE ¢ we
sion)°] = A= wedge H-Eol gt 533 HiiS Jeldth 2= wedgew ThFsE SR/ 23
Al (kinematics) ¥4 Al A3} wedge H-E o Uitk FEFF AAE A8 AFEEHIT A THMCPoil
2a2ddy] ¥4 H(malalignment) 2 Q13+ 31X =4 3} Comwall, 199%), F&dtieg] 555357 3=
A 559 A w9 adholgta HusiYch 2 Sk okzHIgle ol Mell FslE fElAMe Fdok
AFNME duehlZE Zhe] 18° o]3kel e Ie g A A
A wedgeE 8314 &3 THAH 5 AAT weo} FEEYY vgEe gy 43y 2 A2E
BwElHS o, WS wedged] HE Al HEBIE->/ (muscle-tendon structure)oll 2 &<Q F&gS vt}
71 e ZEAE(%MVC) HI7E oAl 718k (Tiberio, 1987). doieldlzdel Z& A7 3o
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A JFEFE A= ol I ol AHHoZ
S XA Bk McPoil®} Cornwall, 1995). 182
o] A&E<e wedger 7] 3]3S Holgo
ulze Zhe] vgE S wHsty FEUE 55
Tao] 7|EZFH] 89E dUE 4 JdtHPurdam
2003; Saxena$®} Haddad, 2003).

Saxena®t Haddad(2003)= wedgeE F24th] 5=
FIT xS A FEsl AA| S8 (biomechanical)
AE g AR 5o 55 JFeHESTE st &
ZHE ATkl B arEbAA, wedgeZt X]E;‘—‘]—i g4

ity HU 08,
T
,_.

] b
?’2?3%?9] ?P—‘T—‘i\eu%%ﬂ dEE &gskE 99 <t

ZHlG e/ 7S

‘QE}I’JHP‘EH; Zho] 197 oldel e MellXe
wedgeS #8817 il SHA 5E AT W} u)
watds o, W - ¢15 wedge =T freldh Apelzt gl

Ak QPEMPeT/ /B LT He BWHEE wedge
"3 ‘

Al 79, E wedge A& A 77, 9= wedge
2 Al 800tk ol ] AHE&HAE o 2
/‘FQE]-E 15° wedge= gole|d| g zte] 2 Awto)
ST B8-S H3A7)7|d a3A o)A Z37] W
”013}1 AZbEd o]F3] (20052 HY A=
o] 22 A M| tigh X}O]:E: Agst A, Ad
E]l_

)

o

[

A doeiZe e Zel wel AR A 75
teoll JFS mHThar AAsHAA, o]k x]&F<1
& 9iARe] Frle FEETE] 5555 A
=28 A (osteoarthritis) o A 21 (anterior cru-
ciate ligament) &S 7HHeA 2 Aolghar 3shich
aeBRE olF dWaly] AsiMe doreulddi 2]
Hslo] w2 Tty v Hoel| tist HHSH wedge
Z-go] WrEA] FQ3sitial Als

aHy B Aeie FEEUE AEe wHsls 4
AZto g AR 5k7] Wikl dokeuldsi 2ol

Z A& OollA wedgeo] &7 YehtA] -2 A<t
O]ve AAE = gtk o5 HYsly] fF F2E
MNE A HE3sle] wedge ZE A doulZeg2
Zko] WstE AAte R ZA3t wedgert Hobeul 2
B Zoll oW WMsls 1, H-e wedge =S A
A7l fliAe of| Alsrt B8 AR gk A
T7F A o] FolAok & Ao|tk

o

N
0,

g 2

i

V. 2E
B A7 doevidedie 2ol 18° olskel Het 1
I 19° o] A IZ vro], 28 A& 54

71 AAlelA T2 F ek EefolA HATH
s A W - 95 wedge H8oll wHE HEEIE2
RS FEAE(%MVO) vlieh doeize 2 7
o] wedge®] E¥ol| FEFS Lot} 15T

L goEdizei2 zto] 18° olskl Hg Lol g

Y - 915 wedge A& Al AEFHHT//EEeL
GAE(%MVIC) Bl 2o]S olr 7] ste] MAZE &
¢lo] L, WHE-g<lo] 1¢] 2-291 HEAMEAS AA|FH
Ay}, o3t 2ol7h AATHP<.05). WHEa 17 gt
o] AzAgo] dernz MAZ 2tz ro] iBlA
S 3 A7} wedgeE H-E3HA 23S w9} Bluws
o & o, S wedges HE313S W IEFHE 22
7SS 28R HZF fostAl STk
(p<.05)

2. ol del Zho] 19° o]l e Il o
H -91—»1— wedge 28 A] FEEHIG /7RG
AT (%MVIC) ¥] zo]E ol A3}t wedgeS &
&3k F%s wWel Pluste HeES o, W - &5
wedgeo|l Al BT frJgh 2lolE HolA] AThHp>.05).
JEZ wedged] #8E FF RHYPoNA Y
=29 AeFl Bt 7hsd Aol Aoy g
= Wedge«] Ao a2y EX=570] AHZA
o] o_]o]o] E]— ;}aHPLEH:L 71.9] __7}__ ULO]‘TJ_
A7y o] 7S Holgo] doeulgdei2 2] niA =
o

& sgsle] #EYce §EEFee JRd9 a0g

T

=

o
R

. A=Y, 133, Rear Foot Wedge Zt=7} H.3)

AEA Hudgd vXe 93 SFadEE

X783, 2002;9(3):11-21.

e . e BAHOA g b ~FE 5 Al FA
W Aste)] mE FEFHTe] 2845 o
Alighar thehd, ARl 2004

> Ho

-
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