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Effects of Shoe Heel Height on
the Onset of VMO Relative to VL. and VMO/VL EMG Ratio
during Stair Ascent in Women without Knee Pathology

Hyun-Hee Kim, PT, PhD, Chang-Ho Song, PT, PhD!

Department of Physical Therapy, Shinsung University
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<Abstract>

Purpose : The purpose of this study was to investigate onset timing of vastus medialis oblique(VMO) relative to
vastus lateralis(VL) the VMO/VL electromyographic(EMG) ratio according to heel height
Methods : A repeated measures design was used. Fifteen healthy female college students with no known knee
musculoskeletal dysfunction were recruited this study. They carried out a standardised stair acent activity under
4 conditions; barefoot, and with heel height of 1, 3, 7 cm. Muscle activity was measured by surface EMG
(Myosystem 1400A, Noraxon Inc., U.S.A). Data were analysed using 1 X 4 repeated measures ANOVA.
Results : Onset timing differed with heel height(p<.05). However, the VMO/VL EMG ratio was not significantly
difference between conditions.
Conclusion : We found that 7 cm heel height delayed in VMO onset compared with 3 cm heel height during
stair ascent, but no change in the relative EMG intensity of VMO and VL as measured by th VMO/VL ratio.
The findings indicate that high-heeled shoes may have disadvantages in knee stability because of delayed onset
of VMO. Due to a lack of knee joint stability, wearing of high heeled shoes should be avoided

Key Words : Electromyography, High-heeled shoes, Vastus medialis oblique

2]
EA4Y 12011 039 139/ FARSY (20119 039 279/ AASAD 12011 049 22

- 135 -



e ol eks]A] Aled Al2w

Al Eele] BAL W HE

= RGN, Bale Wi e 34 7l
4 Zwun VA9 Sde] Pz A te
A e Fe solde olgnt

(Linder¥} Saltzman, 1998), &&53d Az}, 25 v
I F7E A% 8%, Wwieke] g IR Q¢
v B5, obdul: e dE3 By A
AR et 22 FAgow

AAEde TVM7IE AEFS UERISITHLee 5,
2001).

TSt 5SS (patellofemoral pain syndrome,
PFPS)S ZE 2l ~¥=o| rlshs Havdony
S AdelA It YA BF T shelth
(Myer &, 2010). FEdrtEles A9 ¢F 25
%ol A dFASITEaL Sl (Brechter & Powers, 2002),
10458 354170419] of e 32 vele] wdat
Hlarsto] wAgu]go] 2710 8] ¥ 3 3ktK(Fulkerson,
2002; Lichota, 2003; Robinson & Nee, 2007). %
Hoeless dovje dcle] BEgs #3AA
&I A K Crossley &, 2001), 7141} = 2k-8-3t
T e 9 7 8ol AZIHaL vk SHREE
o] &3t ATE F3l 715H &F 53 Al VL(vastus
laterialis, VL)oll th3gl <FEBIVIO-TT(vastus medialis
obliquus, VMO)2] &4 E+78(Cerny, 1995; Cowan
5, 2001)3 VL tigk VM09 s Aol F8
gk a<lo] HArkar s}ItHMcConnell, 1996).

PFPS= Z¥dda Wejehs A2 t=AR
R QoA o w& FHES Holv A3
o]tiDavis &, 1991). Kerrigan 5(2000)> 24k}
oAte] Flotd ugpae o REndel 4
o Fjol7h ik stol, Faaae] U] B
st Tze) Aol gk ST Bowyer &
(2008)% PFPS7} ofAollAl #S FHES Hol:s
AL Fuztel] 284 Apo

o 2

=
R
N
=~
o2
ol
o
s
o2l
0%
rO
2 1

o)l AFTEEES UKo FTAl
A wlds BISAIZIA Hetk o]t o]
& Al oA ARES FVMA7]AL
AA, TEHE PgAS FAlSkE 5ol B+t E
o7|g Zlo|thGefen &, 2002). Nyska 5(1996)
g wafo] vk AWk wanT) vk oHLio]
e JFAT BkGlen, F44(2009) 3tol
5 HAd w3 AR
R ckal 18It DeVita®l Hortobagy(2003)+
S B3 Ay 93t
oMe A ATARG TS
RARE B AFAe} FUg
olME FARE FE7E d9S YeRitha 3
3](2007)= B]YFe A<
AR aEE stold HEe 7

Orﬂﬂﬁﬁo:ﬁ‘-{m o o
(o3

Eir

[e]

)

ol\

5

o

e

S

1

I

~

rJ
N
(RO E&

+
o

o rtljg
ol
L
o
rﬁ (i

o 40 32 Jp

oH Ho Sk
iy

10 12
o2
i)
[o
of\
N
>
i)
Nz
=
(o3
9,
°
i)
ol
o
o
=2
X

off

e

(<0

=

X,
o 02 J

a1
Aol W TS LA

>
_E
by
o
Y

D )

2 rr

rr ox

tlo rlo oft ko o

AR
A HH-8-H(ground reaction force)
=

of
N
>
N
(0
[t
o
offt
tlo
of
N
>
Py
)
SO
o
ror St
o ¥
o, ’A}
= =
P
2
o

2001). Bird 5(2003)< 13 9]
Tkt gole] H7|(wedge)E H-g3l 3l
St 7Rl Br)e] A miAE 98-S
Tk o] U] 20mme] HIE A
gzl A b thele] HEAEy] Al FHFA
o] 284 AAIAREe] kARG AL SISl o=
Qe YeRRs A BESe] 2
sta717] S8l HEAE SETE Yol
7} th= Aot

4
T

rooo o @ = X

L
i
folr o,
& oo r

- 136 —



17k 1439 sfold Alck
BE o4e volh Soigel et Al
AL A Hgo] Wt 5ol ol
Al FHRantanen &, 1996). ATt 27]= FAAES
ToR YAALEY P e ATs A2-Y
o o W2 o] EURVE FhE o o s, kA
of oA &An7F AW, <5 25 WA A
= BAS 73l 9B Z(Kisnerd} Colby, 2007),
]D} PIAPALE FE o delA 918 o] A A
Oe]. 3eRlol A WAER: SPAEe] e Al
HHABEAIRE, Hido] HrAElE —’::TEH?E 8o sk
=(1991)
el a3k WAy 53-?_]0] HLJJr Azt F4
4 siglon, o] Aol

A A ARFAL S TH Templer

ro

i

3w A" dATeE FAY
o dEFAS FriAY SRS §
3 o Ao, FA| K
sh= A77h diF-Eelqltt. ool i Aol
A& PFPSY &2 AHES Hole AA4gdA
sho]dl Algr o] VL 1
VMOS} VLe| 7RAIAIZY
2t 33l

(3 nu
X
2
(<0
=
)

ot
=

1. AT

2 AT A dFYe Aolx &F o),
SHE 3 ARE o stold s Ala Adsle Akt
20t ofEAdo|lom, & e aglo] Fojo] Fo|g

ZAFTh = A FEA7)= G Power 3.1 ©E-

sto] FalHh &3] =80, FrelaE a=05, 7
=80 W BEFE 15 AT A A

ot Agoidate wiA|Ee H FEo a4
Aoy} &-3F &4 PFPSY #= 279l A3

o g A= ik

2. ATEX

©27] o] qrEy)

o ZREEEe] Rl ok THAAREel] vl dF

o
@iﬂé?‘aﬁi

H 1
toldle] Jaks Hrishr] ¢18] W, 1com, 3com,
H3AYE 3 emd} 7em WY
lem’]91oH, 1em 75 H5
o] o Aldke] &3} A= 7h 2]
T8 Mol 15H 4714 A3de 7l=s TR
Aeste] Qakgitt.

Aray Al VMO<} VL] &+
3t7] 98l AdHae] &= i
2 53889 2m(Cowan 5, 2001), Al
SR EFHEAT A AAIEIL = F
Zo] 28 cm, ¥°] 18 cme| AW ALE3}
WA= A4 2 Aeel 5298 F 3E 1.5m
“*OV A A AEF silom, 7 HA AT

s Wl HARRLAl sk vElE AR
EP“D‘r AN vl Wb 38 2= ~°ré
g2 At AHE ] Aol I} Ak
ol A3 F d=F 4*?* 53] AFS *‘/\13
OH 33]

oz s,

32 g o
& o =
D= = |
41 B rlo mp ox

IR LRI
ﬂ-tloru

-

_|1N'

5] Hes SAS] Sfsl 164 wAAd
(MyoSystem 1400A, Noraxon Inc., T|=) A]XElS
ARBI oM, Ade2r] Al 2 JSE F
7] $J8] 2= A(Inline Foot Contact Sensor, Noraxon
nc., 7leNE AFESIitE Y-S (raw EMG)e] Al
o A% AHEE 98] MyoResearch XP master
edition 1.06 TZ1:MS ALE3}ITE H=H(T246H,
vlo] @ R H| A, ) AU A] Aol xFE A
o] oy Yske: AFo= HEA G99 A
AL 1emo|R o™, A=7F AZE 2 emol itk
VMO(VMO)2] A= FEm orzyon 2
cmel F-&s9lom, VL(VL)e A5 driew e

FTAAE VIR FEW 71 3-5cmol F-2519)
THCram -5, 1998). VMO(VMO)¥} VL(VL)e] A=

o o ki

j=4
i

=137 =



k=] oletslA] Aled AR

Fig. 1. EMG electrode placement
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Table 1. General characteristics of the subjects

Variable s(l;]ij ;:g;s
Age(years) 22.67+1.49
Height(cm) 160.40+4.00

Body weight(kg) 51.47+2.97
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Table 2. EMG activity ratio and onset timing difference of VMO an VL according to heel height

. 1 cm 3cm 7 cm
Variable barefoot heel height  heel height  heel height  © p
VMO/VL ratio 1.08+.31 1.21+34 1.26+.51 1.07+.27 1.852 152
VMO and VL onset timing 1 13,793 7431683 -19.1262020  6.10:23.68% 6351 001
difference(ms)
Values are meanstSD
VMO : Vastus medialis oblique, VL : Vastus lateralis
*Significant difference(p<.05) between 3 cm heel height and 7 cm heel height
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