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Effects of EMG-Biofeedback Using Closed Kinetic Chain
Exercise on Q-angle and Quadriceps Muscle Activation in

Patellofemoral Pain Syndrome

Je-Ho Kim
Department of Physical Therapy, Graduate School, Sehan University

Purpose: The aim of this study was to determine the effects of electromyographic (EMG)-Biofeedback using closed kinetic chain exercise
(EB-CKCE) on quadriceps angle (Q-angle) and quadriceps muscle activation and muscle activation ratio in subjects with patellofemoral
pain syndrome and to provide fundamental information on rehabilitation exercise in patellofemoral pain syndrome.

Methods: Thirty participants who met the criteria were included. The subjects were randomly divided into three groups: control group
(Group I, n=10), semi-squat exercise group (Group Il, n=10), and EMG-Biofeedback using closed kinetic chain exercise group (Group Il
n=10). Intervention was provided to each group for eight weeks (three times per week; 30 minutes per day). Subjects were measured on

Q-angle and quadriceps muscle activation.

Results: Significant difference in Q-angle and quadriceps muscle activation was observed in groups Il and Ill compared with control
group | (p<0.01). Results of post-hoc analysis showed a significant difference in Q-angle and quadriceps muscle activation in on group

[l compared with groups | and |I.

Conclusion: Findings of this study suggest that closed kinetic chain exercise using EMG-Biofeedback that provides real-time biofeedback
information on muscle contraction may have a beneficial effect on improvement of Q-angle and quadriceps muscle activation in patel-

lofemoral pain syndrome.

Keywords: Patellofemoral pain syndrome, Q-angle, Quadriceps muscle activation, EMG-Biofeedback

ME
FE29te] 555 T (patellofemoral pain syndrome, PFPS) F&
F50] 7P v Fel 2 R o] o Ek Rimold 5] 1}

22l 947, At PRI 5 W 5
5ol falslnl 5 40] B He ool ] ek gl

T}12 PFPSQJ %EH*M?‘%*‘H e EE} 'ﬁ? = A, E}EFL <l

angle Q-Z+ ﬁ°ﬂ ° J %—1@94 EJrE??l AEY liE —“u'—tfHBH H]
84291 A Y3 g E(Malalignment) & I3 715 QR
S (vastus medialis oblique, VMO)2] 2F5}= —‘?‘%HBL] 7H&EG
op78laL Q-Z+-& F7HAIA ke vl g2t

E] RMgellAl o] 71529l (lateral bowstrlngmg)

i

1E o

5'1%74]5 Eo;ii g
Miao 572 PFPSE Hol= 3042 KH

o] 2] o ® M 2 74 A1 o 1)
A)gk PEPSE Holi= thabAH 78 e o] QeI e 21k ul
Sfo] 3 A} EIGIck PPSE: 7HEg &3} QBRI &2 Aol
of gy o] Bao] oJ3) ke v o] 3 el

A9} L1 AL Al HEE o) 2} Basit)

3k
PEPSS] A2 915 SR 0.2 rkelujdee) Selahe
o] g 02 FAH|2 glon] & 54| el Y L5t

Received Mar 22,2016 Revised Apr 8, 2016
Accepted Apr 14,2016

Corresponding author Je-Ho Kim

E-mail albam20@naver.com

Copylight ©2016 The Korea Society of Physical Therapy

This is an Open Access article distribute under the terms of the Creative Commons
Attribution Non-commercial License (Http:// creativecommons.org/license/by-nc/3.0.)
which permits unrestricted non-commercial use, distribution,and reproduction in any
medium, provided the original work is properly cited.

www.kptjournal.org 65



KPT The Journal of
Korean Physical Therapy

i

A& -85 (open kinetic chain exercise, OKCE) 2} &3] -2-55H4AL&
“=(close kinetic chain exercise, CKCE).2. 2 U021t} CKCE= &
L(recruitment) A] EA]-2FAl(co-activation)S E5}0] T4 of|
Fska 16484 12k 9JelS 27bA17], OKCES
= 5771 oA HehE F3f o 3E Alestel
AAZICEM2 Trish 5132 OKCE®} CKCE
O] CKCEOIAE 71285 &.220] ek Qhsalig e
gl ST OIS s L2 20
5 o) glof ehayl oo TelgEpl Man
ELE]7](semi-squat ) =3} -2 CKCE7} OKCE®}F H| 1L
FAMpEolekT sk

LHAE-AY "ﬂE] QI(EMG-Biofeedback, EB) 12 2-2]10]-S
sk ok 509l BE U] Be RS ATTOR
w ol A Ag 9 A7 A Agh -5 ohereh Agte] Alged 1o

9 7hs4

2 o o
Lo

ro ox

oflt
Ir 4
i)

T
B e
tott
29
18

b
o
ofr
o 1
o
OSL’

re 2

¢

o &4 of
Ry
E

rd
to itk

_0|L
2
fin}
Eﬁ

(e
JN 2

ox
=
o

ox,
I

Lo
ol
_r

PFPS+=

x
o
BorH o ob o o

o
o o
ot
2,
>
N
rir
i}
foi
i)
2

[}

o]

o)
HT
o
i_“
il
I
oo
Ao
W)
o
2@ :
N
I
=i
flo
ru
|
0
I
0
o
g
1o
S
gu)

& S g ylyleo) A A 3
a2 B skt

el 25 52 o 83t thE] Z7JSl7) PRPSE Ko
£ R B3 E gl wet At @) ke o] Fe]
A3 9o, T AR =AU o] 83t FA) gk thaFet Wt
A A7} o] FoiR| a1 QJek SRt PEPS} 7o) el 2|9l oFzyy]
2] TRt E st $ibolA| T E- A H WS o1 8ot T
3l LESHAE 52 FAIS A v gt ook wheba 2
Atol| H24-2 PFPSE EOI% OAIR o) A 2 - A = )& o]
83 23l SFstALE 0] Q-7 dohedldEe] L8
Tof 2= PeFS Yohi L PEPSO] Ajghe-Fol 7|2 AR E AlE

o
El
>
ot
iu)

Table 1. General characteristics of subjects
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Group | (n=10) Group Il (n=10) Group lll(n=10)
Age (year) 21.55+1.32 21.60+1.46 22.02+1.31
Height (cm) 160.11+5.45 159.94+5.81 161.01+£5.74
Weight (kg) 52.61+2.64 51.91+£2.82 52.11+3.04
KPS (score) 75.28+4.31 76.12+£3.52 75.90+£4.08

Values are present as mean + standard deviation.

Group | : control group.

Group I : semi-squat exercise group.

Group lIl: EMG-Biofeedback using closed kinetic chain exercise group.
KPS: Kujala patellofemoral score.
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Table 2. Comparison of Q-angle and quadriceps muscle activation between groups
Group | (n=10) Group Il (n=10) Group lll(n=10)
F t  post-hoc
pre post pre post pre post
Q-angle (unit: ) 23.35+3.27 23.31+3.31 2342+341 22.73+2.94 23.37+3.39 22.40+3.08 3.245 0.047* 1<
VMO %MVC (unit: %) 26.15+£4.27 26.35£4.54 2594+454 29.37+£5.14 26.21£3.69 3234462 9.394 0.008° <
VMO/VL (unit: ratio) 0.73£0.12:1 0.74£0.14:1 0.74£0.09: 1 0.83£0.10: 1 0.73£0.11:1 0.92+£0.09: 1 3.657 0.042* 1<l

Values are present as mean = standard deviation.

Q-angle: quadriceps angle, VMO %MVC: vastus medialis oblique % maximal voluntary contraction, VMO/VL: vastus medialis oblique/vastus lateralis.
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