Vol. 33, No. 1, February 2021
J Kor Phys Ther 2021:33(1):40-46
pISSN 1229-0475 elSSN 2287-156X

Original Article

https://doi.org/10.18857/jkpt.2021.33.1.40

Changes in Lower Limb Muscle Activity during Lunge according
to the Different Angle of Ankle Joint

Heun-Jae Ryu, Youn-Tae Kim, Hee-Joon Park, Jung-Won Kwon

Department of Physical Therapy, College of Health Sciences, Dankook University, Cheonan, Republic of Korea

Purpose: This study compared the muscle activity of the lower limb according to the three types of fixed angles of the ankle joint during

a lunge exercise.

Methods: Twenty healthy subjects performed the lunge motion in a trial including the three types of fixed angle. The lunge motion with
a neutral, 20° dorsiflexion, and 20° plantarflexion of the ankle joint were randomized and measured repeatedly. The muscle activity of
the rectus femoris (RF), vastus medialis (VM), vastus lateralis (VL), biceps femoris (BF), and semitendinosus (ST) was measured by surface

electromyography.

Results: In the change in ankle joint angle, the RF, VL, BF, and ST muscle activity showed significant differences (p < 0.05). In the 20° dor-
siflexion position, the muscle activity of VL, BF, and ST showed a significant decrease compared to that in the neutral position (p<0.017).
The muscle activity of RF and VL in the neutral position was greater than that in the 20° plantarflexion position (p<0.017). Only the
muscle activity of the BF in the 20° plantarflexion position was significantly greater than the 20° dorsiflexion position (p<0.017).

Conclusion: These results revealed a difference in the muscle activity of lower extremities in the proximal region according to the angle

of the ankle joint during the lunge.

Keywords: Ankle joint, Electromyography, Lunge, Quadriceps muscle, Hamstring muscle

ol Hl3) g U 280 2 T ES Mol S42 714
30 Ik AelLol T AT, 2IX) ASBAY F AANA |
chel2 0] /1 & RBYES BYon) 31X £5-2 715y
© 20} QMR 2 0] TEHES kol A 27] 342 1y

o

ox, ru =2
1o
[
)

o

— =
) 8ol o Ehajolekin sHgl0u, Park 54 FE ol S i
21759 94 52 Ak 1) S FAS Y5 5
A B20] 28 ol w22 ek W ushiek olefdt A4 25
2 tAje] thaptol A2 MAHOR A8 24 A4 B
A1 QAN B -2 ol QAo o] BElm gl

I o,
ot

rl S:lu rp flo
(] o>"
lo m{jc;
2
o
9‘15
N
o
%
>

ok
B

o
B

rd
il
o
o
Mo
offl
o

o e rr

£
i
o
o%"ii‘,

oft |

By

of ¢

Received Jan 12,2021 Revised Feb 03, 2021
Accepted Feb 04, 2021

Corresponding author Jung-Won Kwon
E-mail kjwonpt@hanmail.net

40 www.kptjournal.org

Copylight ©2021 The Korean Society of Physical Therapy

This is an Open Access article distribute under the terms of the Creative Commons
Attribution Non-commercial License (https:// creativecommons.org/license/by-nc/4.0.)
which permits unrestricted non-commercial use, distribution,and reproduction in any
medium, provided the original work is properly cited.



Angle of Ankle Affects Limb Muscle during Lunge

B AEollA = B e 2B RSP o) AEiFo R &
AL, 10° b Aol A el 7R e S8
e A vet Zebd wf M A LR 3 ©A] 25
RS ) & A2} 2HA ) Zpolof whef QHEREl T kel
O] FR/ o Zpol7} LB om b of WE WY, F 9
Aol whet HepeuldE2e] 284w v FAdol yehdtiar
SHACE 34| 50 AR &5 Al AR A= A=
B2 9=+ R AR N AFE =T 7}

o="T [¢]
%9 FYET} ol T WA £ 5L

rlo

d

jlrln
e

Apn|at o] e o]

o mjof| = QHRlE ol M SRS bR wheb A9
E 5ol A S5 g2 s e ZHAet e > 8 g 1
2|3l AlZte] AlRto] §lal ZhesiA| e 4= QAR = o] 7}
Eop RO A 5.2 2o fj] o) x| A[He] e Fofl whebAl
SHA| LR/ Iol| Zfol7} 7] w2 ol] ellA of2] WaraS st

SEELERICE

ole} o] 54)) ek 0] THHEE Sfats] gt
0] 21 9 91710 visfo] e she] T Aol
F7h B LEGIE Aol Bk el o4 o) ok
Hpol 2 h|2] LB ] bao] thE Kol S Holeim

X 95 A 9Pk gko 2 Wiz Zolo] whe W ko) 2w

T
=

=
CT|
2

it

¢

N

]_

lomfrl.lﬁ_\;ﬁr
Hu > i TR AT J}‘Ou
SERRET S
AT
;;Rrﬂ._l‘_‘_', ;:00
N 9 i
_a,r‘loitt\l
& oot 32 v
X oo 1o i
e o o

e 2 1

o &

foo

o ©

X op

lo o

rL]F]l"

for

oxr K

HT N

s

2 X

X

%9 rH

o 19

N

N
=
o
N
g
=)
gl
)
N
1o
offl
>
ol
B
rH
£
rd
i
o
k1
1o
_>|~L
o,
[t

R
=1
of

ol

2
ru

=

o

)

=2

N

o
o

i)

2
rO
r

)
o

oft
tlo

2

>

ol
=

B3
o

lul

2
ol
0
rE

e
4
2
o

s

+ T

o]
£ rr oo

2o
g
oy
£ 1o
o;‘:: vl ox
~
o X
e
oX A
Ny
AN ot
o
==
E Lo
2 ox
o o
oftt ot
o
o 12
AL of
O ilo
1
i
%

N
o

o

2
L)
o[i'l olr
1111_1 olft
ool
o
S o
i -
2 o
.
o L
juied) n;
3z
- >
J iy
g

I
Hu
g 6
i 12
o 1o
> o.é
e ox
— _IN
i

N

)

offl

ot

e

)
N

)

zQ, il
rr

-
>
N
-

e

o
>
rd
Ho
o
s
rJ
iR
2
ri
]|
Ny
2l
i)
rick
o
ke
-
iEN
o

N of
o

2
>
ol

N

H
N
=
e
N,
ri
19,
oyl

S
i

I

i)

ot
Nrﬁ
=, O
2 o
L
e
%
s .
°1>1r>4
ETH:'
o
2L ofy
> 2
oot X
o L
2 &
I
o fo T
[
op
_(?L
k=

Y

i oy
ne Mo orir
<

off 4o %O
lo o

of,

o
—Orll‘
9
o1
i:3
o,

[t
=)
ofl
o
=
[of
X
(e
1o
ﬁ
Y
re

2
(A

https://doi.org/10.18857/jkpt.2021.33.1.40

JKPT

N
u
o2
0%
13

o
Aoox
fo H1
o H
™
N

M 2
Mo
ot
>
=
o5
D3
10

N
)
)

d
o
ox
off
B
2‘.5
N
(]
ol
ol
2
i1t
2L
rlr _Q m
ach
i)
o

X
QL
)
=
3
1o
2
o
4o
HS o
0%
o,
=
N
>

oft
)
o

o
wx
o

ol
ol
2
ful
iltad
S
il
iC)
i,

o

I (R =Rl )
i
Kl
£ K
e
Mo it
T
(o,

o
Mo o
3
fl
=
o=
3
i
iz

|o

Ay
oX,
QL
kEl
B
ofs
ol
rlr
O,
)
1o
s
o
0%
ofd,
2
N
>
1o
—\r[‘

b
A

o
Ni
an

ﬁ ml: B e o !
5 i/ U s 1
J‘;Eﬁﬁmgjﬂ
I N S
S 3 T lo b
ER T hE
10 ! c
r_}(ﬂl‘ﬁl‘_?‘_i_m
N o2 o o Bl
EIEE
r =
hlor_>tmlm—>‘:m>~
T
5o
AT R ol
I =
X Lo
o £ 4o v H
r_VE@ﬁ JEM
No= ] i
A
ot & lo o
Mo > o8 °
4> B ol
o OB o m

_(?L
H1
Y
ol
)
2
2

(2) 2™= ZAHElectromyography)
Q7] 2 A kel S /e Qe 2, ekl )
2 kB ae) PUES 245 Slstol Te AR 2
(NORAXON Myosystem EMG, Noraxon Inc., USA)E A-8-31c) &
22502 ololtl 0 138 AHEeIon] ol 24 4417
o} QA= FAZ7E FAS & Fuk=5 FAV| R HEsto] Hlo]
SRk A A159] F ol 40250 HyZ A1

= 1y
=
SHT AV Fuhd 1000 Hoi SHIch W2 Zhwo) w2 217}
[e]

2 2 43t5irt AselA 2ot ot

L80] A= AT FL- Root mean square (RMS) Zhol| Z[df £=2]
524 4= FH(maximal voluntary isometric contraction, MVIC)
2 Upiro] MjE g2 SHARSE g0 BESSACHRMVIC)
) 11 2G04 713 AL 221 57 A5 ol ol 23
stoich 2t 289 AT RAAEO R Ykl R e 2o Tau st
H0 2 HE 20 em 9 AR, QHEER T2 R 1S EEol A
S ek A

15° 712, S 2mo] 9] mAZlo|A $120 2 10 em A, Wrie£7
e glorodmizlAel E2m oz Aele] I, M E
 rjalE o] SR Ao QHEO 2 3em Mol Rtalgl

]q_.IS—IS

www kptjournal.org 41



KPT The Journal of
Korean Physical Therapy

Figure 1. Knee and Ankle orthosis.
(A): Knee Orthosis (PCL knee-orthosis), (B): Ankle Orthosis (ROM
Walker).

83 geiellA] AlF ARE SLskA 8] $lsl S=s1A| ARt
TS AT 2 H 27|15 AHEShe] ] EA] A g
Aeg frsly] Yfote] FET-] g FUsH 90° o=
A5t Figure 1A). T3h BHER 27|15 AF8-3l0] HA] 2% A
HHE Y] ZHe AR A A o wheh 212t F 9, e R 20° ke
T3 2092 37g5FCHFigure 1B). 55 Y R 27 = A ot
) AAH EAQE aefet 271E 27 A gstglon, | 52w
5k GhomA Ezto] Gles AEHS 2Asto] A3t

aff 7] (wedge) FEHE &
4 A S AHgsko] R S Al 94 52 Y

0° Zhe Az Fotelo] 4

£

=)
S
3
o
i
ot ¢
o
o
<
v
i
jus)
i)
i
ol
ju)
(3]

B

4o
Hr Ho

off rr W
re
ol
rir
mt)
e,
2
1o
rE
J
N\
o
11l
ool
e
e
U
o
rln
5
O
X

=
)
X
BN
3
ofy
o
nz
ofrt
o
oot
o
<L
mE
=
v
o
oot
Do
<

lo

>
it
4
odl
QL
4%
o
20
ot
re
4
2
=)
I
i1t
juie)
Ir ﬁ
o
ut
4
9
Moo
B

o ol
;QH;EHEOEENIM
o SLoE NN
0o 2 g
Hu ox 2y ol lo
Sl AL
L ;‘éﬁohmﬂ-‘
< ooy X o
il erLIEL{
ot mlo_ﬁo?\:‘

o © (R
P 2~ R
o Lok
< Lo £
) I
=) % Ko
= o

S 2

2 @

= g M

9

ofl mu %

Olf:loﬁé

T TR I

R

o Nk o2

TR A R S

N
i
Ly
o
ol
xR
o
i:)
ra
)
Mo
offt
S~
Y
o,
)
N
o,
1
u
Y
1
J
o

o
1)
S
Mo
off
We,
rH
ek
ox,
H
|\
o
o
ie]
ot
o
=
Sow
)
i
i
o
P‘l"
N
4o

42  www.kptjournal.org

Heun-Jae Ryu, et al.

JAENA = & AL S 3 & WA F& Ab= WS A o
g2 A4t P2 25 o] A o =94 53 =5
O] TS ZA5P] S8l YAtol tigAE eFsl th, Uk e
REEHEIVIHE Z 60° B 5 {3o 2 st Fofe] HE
Fooll mlere 2 Xof g o] FEHWE H 25-& 51A 5t
Sk R 515 0] ol £218 v 919 50
Ho upx]ut 20° FE 0 2 AYFE & Folg| W Foof H whgko
2 2o) 3 Fo] PRY T LFL 7 YAk Heh -9
A FAY pEH2 72 ¢ S o AS uiAE 225 A9
SF3% 5ot S TEAYEE EAof ARESIITE 2 D27} JFF
& A QEF FHS| FAS S & Zkzko] 2o whE HX] &
B2 A AR 3P slgl o o] & Sl e lE 2
O] Pt ghS B0l ARE-sTh

RE ZAL 5 AAte] gl EAE e, EA ] A 5
3] SE A ol 28)] HA] 5o Hfgh wL-o] A Ik A
A & A L AN E FA IS A = Fe = 24 HaL g
2 thelo] .28 900 BoEA % chele] R50] o] 34 A 2
2 270 & Y7 S sh9ich(Figure 2). ZF2Fe] 7] 8- Alolo] 5
2 FAI S0 M8 240 2 olek 2 S A Aol
4. 212 2N
H oTLo| A =AE 2E= B3 53 3 Windows SPSS version 25.0

—

IBM Co,, USA) 2 2 7155 0]-§-5}o] A8tk IF i/ #ke] o
491 A%, A S5 A 1AL Aok ol 71e E A
RO A 7HA] 22 22104 2] 25 A B4
|25}7] §J8to] A4 #7(Shapiro-Wilk test)
7g(Friedman test)-2 AA[SFIIL SA1 2] -2

R 24 7h] 2HAE Ho]S 1]

2
re

o =2 ot =
o

: 1o
ri
o% o,
H1
[t
)

il
>,
o m
32
K

l

o

r
= 2
s &
G|k
n
w0
ox &
=N
4%

5

4o
QL
@

P
T
(>
4z
}01!
S
4o

$] A5 (Wilcoxon's signed-ranks test)= AA|5}
G EA A §-9] 2| 21 XA (Bonferroni correction)2- ©]-8-

310 p< 00172 4%

>
M
Mo

vy
ofs

52
=

]_

O

2 1

1. A7 Czte] Lk £
& Aol et A SRk
oJ2} 77go10AL, Fat Lol 2
T E5AE= 703+ 14.0 kg 712

+55cmo|%ick

f
lqjllo

%2040 A v)= AL 131,
184, Bt 7= 1699+ 8.1 cm, &
[e]

- AlA| el ol o] Bt 86.1

o)

4

I+

R
»

https://doi.org/10.18857/jkpt.2021.33.1.40



Angle of Ankle Affects Limb Muscle during Lunge

20° *}01011*1

e S e 20% U5 20

F

ot GSieHp>0017). 7B &
MPIFEh ) 20° 20 2 S5k,

N

=]

o 2y
T\:I%_]EH

g
L
T

5] 20°9) ek

IR Aol s> 007) Q1S 20 23
0020 & =0k

Solat 3}

=5H Teud 200,

S = HEE S 000

sp pteag] 2079 ek Sf8b S5kehp<0017) HEF

20°0} utel ) 20° Afolof Al
3] z_:1._4 e A
Skar, HF=3) 2009 ) e E

=0

gk 2po|7} ek (p> 0. 017) Bl

F9, e 20, B FE 2 00 B

FY v} ol ot

(p<0017). Z 7 rukel 3 207 5% 20°0h bt 20° A}

olollA=

45
40
35
30
25
20
15
10

RF

Sofat Aol7h

= e 20° F

AP
i

> =2

VM

>
Ly
g

JKPT

0017). Weke) w2t 2] 2

A 20° o2 3, WY

VL ST BF

Figure 3. Comparison of EMG activity changes between the condi-
tions as determined by Wilcoxon’s signed-ranks test with Bonfferoni

correction (Unit: %MVIC). Mean+ standard deviation,

*p<0.017, DF:

Dorsiflexion, N: Neutral, PF: Plantar flexion, RF: Rectus femoris, VM:
Vastus medialis, VL: Vastus lateralis, ST: Semitendinosus, BF: Biceps

femoris.

Figure 2. Lunge exercises according to their respective conditions.
(A): Lunge exercise at 20-degree dorsiflexion angle of ankle joint, (B): Lunge exercise at neutral angle of ankle joint, (C): Lunge exercise at 20-de-

gree Plantarflexion angle of ankle joint.

Table 1. Comparison of EMG activity according to angle of ankle joint during lunge

(Unit: %MVIC)

Muscle 20° DF N 20° PF X p

RF 1458+7.91 16.57£8.19 13.64+757 111 0.004*
VM 33.45+19.71 40.94+£21.58 38.35+21.67 57 0.058
VL 34.36+16.61 42.82+17.89 38.67+£16.29 16.3 <0.001*
ST 20.98+18.60 23.59+19.24 21.40+16.08 9.1 0.011*
BF 13.81£11.61 17.35£11.92 17.66+13.52 129 0.002*

Mean #standard deviation.

DF: Dorsiflexion, N: Neutral, PF: Plantar flexion, RF: Rectus femoris, VM: Vastus medialis, VL: Vastus lateralis, ST: Semitendinosus, BF: Biceps femoris.

*p<0.05.
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