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The Effect of Visual Information Provision on the Changes of Electromyogram Activity
in Trunk and Lower Leg Muscles during Dynamic Balance Control

Mihee Won', Myeongchul Kim?, Songjun Kim', Jongsam Lee'

'Research Center for Exercise Sciences, Daegu University, Gyeongsan, ZDepartment of Physical Therapy, Eulji University, Daejeon, Korea

The purpose of this study was to investigate the changes of electromyogram activity of trunk and lower leg muscles
during dynamic balance control in 20 healthy adult subjects when various experimental visual conditions were
applied. Surface electromyography system was used for recording of any signals produced by muscles. Muscle
activity was recorded from muscles, of which left and right sides of rectus abdominis, external obliques, longissimus
thoracis, multifidus, vastus medialis, biceps femoris, gastrocnemius medialis, and tibialis anterior, and then
normalized as percentage of maximum voluntary isometric contraction. All data obtained from experiment were
analyzed using SPSS ver. 20.0, and two-way analysis of variance were used to determine statistical significance
between two factors (3x2 factorial analysis, visual conditions vs. leg conditions). Statistical significance levels were
set at @=0.05. There were significant different in biceps femoris and external obliques muscle’s activities between
right and left leg, showing more prominent reduction in left leg when blind vision condition was given. Significantly
higher muscle activities were shown in both sides of multifidus (p <0.05), vastus medialis (p <0.001), tibialis anterior
(p<0.001) and gastrocnemius medialis (p<0.001) with sighted vision and blanking vision compared to the condition
of blind vision. These results confirmed that muscle activity is prominently stimulated by visual information provision,
and this implies that visual input may be a major factor for maintaining of the body's balance control.

Keywords: Dynamic balance, Surface electromyogram, Trunk muscle, Lower leg muscle

Received: December 3, 2013  Revised: May 23, 2014  Accepted: May 28, 2014

Correspondence: Jongsam Lee

Research Center for Exercise Sciences, Daegu University, 201 Daegudae-ro, Gyeongsan 712-714, Korea
Tel: +82-53-850-6083, Fax: +82-53-850-6089, E-mail: jlee@daegu.ac.kr

This research was supported by the Daegu University Research Grant, 2012.

Copyright ©2014 The Korean Society of Sports Medicine

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

44 | A FE X OBk A|



AoY 9. Y2t Y| X2 SN B Wt

M E

AR AL Thophn BT 8150 o) 2454
W 23E BA-2HY 5 U 4P S5 Aol 4A)
Aol A7 §A2 93 BLAA 42 HEUTHE AL
T QA Gl AHolt g1 A9 WA A A9 o
A AL - 92 AAe8710] ot 444 AR qlels
oSS EUSHE 1A B3 o|oldick AA Y $AZ
A4 29 32 ATE 23 Sac dde Res
FeiA Glok Bk $HYL olZolu] FRIME 4 B
ozite ol LS 320244 Ao BEge

(¢

2 A7) B B 9R AR AT AN 42 7B
B9 AARAY 97 9 84 24 5 524 242 995
A ool & slofo pek) B A4S 9 4% 94
wstel hEA WA A3 %

L A0 BT 25715 49
obgt s Lok,

AR F9 §AL AR BA FHHel AN o]
%) Apefe] Qe Ae] /)23 gon, B4 F4 o)
o Aol9] FAT SN & w1 HHE S
$AT % A Bk AA 2A Fol 29§29 A
ol=d FaY AME 242 B3 F9& FAA =)
I3 %S A4S FHL gol WolAE Be] WA
gtk olot 2ol A4 BA B4 2 &

W2 SN A A 25
$o] a7 44 28 AN 42, A
N7 guel AR B 1A AL

ﬂl

i

AE AT A
o AR A5
A7\2e] B4, 2
72 3 oleomur”.
o) o FHlE AT A7 ARE S8
A IR A 288 59 479 TES ST

Aoz ddA 9,

A% FRola AN §4 A AAFHE AR o]
Fol AAZE wFolA (=S AR @A, " 2o

T5Y glo] AYE & A SHe S otk ol wal,
54 Foold £499 49 3 AW 29S 44T 4
97 S SO XYY A F AR FHS X
ol o} HFE AAAA 2 2BE A5 e AL
SJuBe. A AW Fa7 FHEAY gRRLE Y 3T
o] A A AL, T AnRA 2HYL WANAY
Aol AN 29 $AE 54 79 94 d]
A, FY2EL 9 AAGHH o2 Fas we

[e]

oX, W -+

2 A Eel 279 4, B 15 9,
A 72t 1%4 9 95 53 i, i 2 P%

. 1 o

1o
ox
X
*\5
filo
offt
=é
oy
LI
_L‘>;l‘
oo 4
;o
2
Jr §
2
g
)
_\2
§“=

v

7'<
3=g % @ - 3l %axa 930

i o
(oo
oxl
oX,
A=)

i)
BN
i
ofr
)
rlo
N
ol
_Hl

5, ol AR, A2,
A 7159 Asteh DHF HALE v, o)
of 2710l wet |7t 7159 FEE FAA e
Lo, ol AzHA] ol4fo] Gl Ao REdow
#4848 2207\ roprocpive) 3 1AL of ol 42
X BA ik A2 oA
" 3L $ATT A

A7) A A28 F 00" Held®
$A19] A1z} ol 2& Az} B FuAloket 24X
o2 oj2ojlt, FHAoR: T $EL B,
ob B4 A4T A9 e g of o2 A
= 245 Aol F4 Ao *—.‘oﬂ A g

ol oxl b i 2 N

fo o x 4n kO
zjgi i T
EO-N
x P
-;>~

[t
N
Ry

£
o
P
o
>
o
ol

>
lo
o

K
=)
=
%0,
o
=
T
N
rE
>
o
ol

>
lo

=}
=
=
Q.
e
=

> [ J

opji Il o O oN, O ol I-N'_.?d_\gol-nd_&:?‘ﬁ‘ BoHore 2 do R o> > ot ri
Ir
N,
o
K
o,
5:
rr
ot Mo poy
N )
rlo or
- o
= Ei
1o —'\1
>
N =|J ruh'.
oxl
T
_);]_1‘
L
>
ol

(US)
L
- 2
5 ol
4>
|o
i
>
o
tlo g
—):
R
ﬂ
2
s
H_4
toh
lo
)
o2,
i)
ol
=)

Fa Aolz A",
oA AAY ¢ AAE sl ohst T 34 =t
JHREE] 1) Tinetti performance-oriented assessment of mobility,
get-up and go A}, Berg's balance scale, functional reach test,
2 A Fot DA 5o A ol AL E AN E X
od, A71EH 1 computerized balance evaluation and
training system 59 =75 0|3 FFHLE Y 5=
Brpste Wi e 209 ul 9lo}. Bronstein''e E4 ZMI
7 A¥dynamic posturography) H& o] &) A|7ta} A4
o] W3}2 obr|2 T A -8 pocunl vey)?] AEE 2]
29 5 Wik U 2P e 54 48
Bl A5 AP A2

HI32# H1%¥ 2014 | 45



M Won, et al. The Effect of Visual Information on EMG in Muscles during Dynamic Balance Control

A¥E FAe 44 293 BhE A T T4
Al i A BT A AR ARH LR AFTEHE
elolAe] BE A 9% B7PE Sl THestES AAE
A2 A . o 79 ATEANA A2 715 o]Aol
=< QAL E B9 24 de A+ 2
22 5 A2 AR A 715S AR olek 22
ofg A7 2TE Z7IE Wl ol dAol
oh 29 @FoIA Alze AT Ao A AT AR
9 BF 24 AqF o dis) 7 2ol A
= ddzoA Al B3 A7t

WEH AAHEY o] go] A A HFS AR Jloi
ooz Agdcts A2S Yl vt U’ oje} e A
o5 B4 wet
&2 Uehlle Aozt
€ 283 Az o=

o,
oflt
18
ot
10
>

Z AR AT AR WEQ -2
# Aot @A7A] ol e FA &=
24T AT o 13| AT Aeloln], o 54 39
tg-\ﬂ.'_:_o] 7HH1—5]01 /\}%541 dout =& 43 &4

F3 k] 2] A= M
&7 o & *‘MIEP 73]

4 44 lgad 54 29 22
259 B £5 G4 U FA Aww. A3
Ao o Y 3

U

ru

A P% AARCR gl o2 54 43 NS g Beh
A WS AL ST

¢F wy

% ﬂ%% A7 A 208(AE, 2516494 AA,
m; A%, 59.1+11.4 kg, A AR, 21.0£2.4 kg/m')
= 2 YA A A é Al 852 ¥3 JAY
éa_‘c. A7F 22 30 T 250 g Boolut EYA=
£ B2 Fo] Jle A, T Ev T2AA BHol e
At A7 Aolgl, 41 o}Xl =4 5
,é‘lﬂé}i}
A %étﬂl FF= Ulé
AE P, 52 B 24 =9 5§
3

ek 28 SITASE AL122 45 B

i oft e S B
\_—.—4'_\9,,:1>~F" l:ﬂ.]
oln-mﬂ"ﬂ-ﬁé L~

fo 38 1 M g oz
N fo tju 1o fr l"lo XE
‘T,—‘E"-m'?{” N
o8t M
L [> oftt
_EUS‘ lmzlo—
N
l“ﬁz
>~9L
—‘N

e
oo
24 offf

1o
i
Of
o
—‘?‘li
o}ﬂ(?i
N
4 o

ok
L

& $YPO 2 op7|HE T £29 WEtE 24317 Y3
#H ZAZ7(surface electromyography, LXM5308, Laxtha,
Daeon, K8 AHgAck 24249 5k 40 A ol
28 BHEY 3ALS AF & - $59 MR 22T B

Table 1. Muscle names and location of surface electromyogram (EMG) electrodes attachment

Name of muscle

Attachment location of electrodes

Rectus abominis
External obliques abdominis

3 cm lateral from umbilicus
Halfway between the anterior superior iliac supine, and inferior border of the rib cage

at a slightly oblique angle running parallel with the underlying muscle fibers

Longissimus thoracis

2 cm lateral from the midline running though the T9 spinal process parallel to the spine

over muscle mass longissimus thoracis

Multifidus

Vastus medialis obliques The distance (mm

2 cm lateral from the midline through the L5 spinal process
) from the superior medial side of the patella along a line medally

oriented at an angle of 50° with respect to the superior iliac spine

Biceps femoris

The 35.3 (£6.8) percentage distance from the ischial tuberosity to the lateral side or

the popliteus cavity, starting from the ischial tuberosity

Gastrocnemius medialis

The 50.3 (+5.7) percentage distance from the medial side of the popliteus cavity to

the medial side of the Achilles tendon insertion, starting from the Achilles tendon

Tibialis anterior

The 15.5 (£4.2) percentage distance from the tuberosity of tibia to the inter-malleoli

line, starting from the of tibia
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Fig. 1. Location of attached surface electromyogram
(EMG) electrodes. (A) Rectus abdominis, External obli-
ques. (B) Longissimus thoracis, Multifidus. (C) Vastus
medialis. (D) Biceps femoris. (E) Tibialis anterior. (F)
Gastrocnemius medialis.
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Fig. 2. Measurement of dynamic
balance using SpaceBalance
three—dimensional posturogra—
phy. Picture is shown the ex-
perimental condition with sight-
ed vision used.

Fig. 3. Measurement of maximum voluntary isometric contraction.
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Table 2. Rectus abdominis and external obligues muscle activation between different vision and leg conditions measured

by electromyogram (%MVIC)

Vision condition

Main effect of V-C vs.

o V-C L-C
Sighted vision Blind vision Blanking vision €9 condition L-C
Rectus Abdominis 0.983 0.113 0.999
Leg condition
Right 0.0674£0.028 0.066+0.030 0.066+0.026  0.066+0.028
Left 0.057£0.030 0.057+0.030 0.056+0.028 0.057+0.029
Main effect of vision condition 0.062+0.029 0.061+£0.030 0.061£0.027
External Obliques 0.835 0.689 0.910
Leg condition
Right 0.101£0.049 0.098+£0.048 0.098+0.049 0.099+0.048
Left 0.100£0.053 0.087+0.045* 0.097+0.054 0.095+0.050
Main effect of vision conditions 0.100£0.050 0.093+0.046 0.097£0.051

All values were expressed by meanzstandard deviation.

%MVIC: percentage of maximum voluntary isometric contraction, V-C: vision condition, L-C: leg condition.
*Significantly different (p<0.05) from right when experimental vision condition was the same.
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Table 3. Longissimus thorasis and multifidus muscle activation between different vision and leg conditions measured by

electromyogram

Vision condition

Main effect of V-C vs.
o V-C L-C
Sighted vision  Blind vision Blanking vision '€9 condition L-C
Longissimus thorasis 0.577 0.431 0.999
Leg condition
Right 0.0944+0.035 0.086+0.032 0.094+0.037 0.091£0.034
Left 0.088+0.032 0.081+0.035 0.089+0.029 0.086+0.032
Main effect of vision condition 0.091£0.033 0.08340.033 0.091+£0.033
Multifidus 0.042 0.553 0.968
Leg condition
Right 0.12940.035« 0.101+£0.037 0.123+0.035« 0.112+0.037
Left 0.131£0.048+« 0.108+0.035 0.12940.051* 0.123£0.045
Main effect of vision conditions 0.130%+0.042x 0.105+0.036 0.126%+0.043*

All values were expressed by meanzstandard deviation.

%MVIC: percentage of maximum voluntary isometric contraction, V-C: vision condition, L-C: leg condition.

*Significantly different from blind vision (p<0.05).

Table 4. Vastus medialis and biceps femoris muscle activation between different vision and leg conditions measured by

electromyogram (%MVIC)

Vision condition

Main effect of L-C V-C vs.
Sighted vision  Blind vision Blanking vision €9 condition L-C
Vastus medialis 0.001 0.528 0.950
Leg condition
Right 0.1114£0.068+** 0.063+£0.035 0.105+0.057**+ 0.093+0.058
Left 0.10340.065%** 0.051+£0.027 0.103+0.072**x 0.085+0.062
Main effect of vision condition 0.107£0.065+*  0.057£0.031 0.10440.064**
Biceps femoris 0.903 0.734 0.259

Leg condition
Right 0.067+0.038
Left 0.07840.045
Main effect of vision conditions 0.072+0.041

0.081+0.045 0.073+0.045
0.059+0.028" 0.075+0.037
0.070+0.039 0.074+0.040

0.074+0.042
0.071+0.038

All values were expressed by meanzstandard deviation.

%MVIC: percentage of maximum voluntary isometric contraction, V-C: vision condition, L-C: leg condition.
Significantly different from blind vision (**p<0.01; ***xp<0.001); #Signiﬂcantly different from right when experimental vision

condition was the same.
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Table 5. Gastrocnemius medialis and tibialis anterior muscle activation between different vision and leg conditions

measured by electromyogram (EMG) (%MVIC)

Vision condition

Main effect of V-C vs.
o V-C L-C
Sighted vision  Blind vision  Blanking vision €9 condition L-C
Gastrocnemius medialis 0.000 0.712 0.843
Leg condition
Right 0.17740.083+x* (0.078+0.036 0.14740.086+* 0.134+0.082
Left 0.18240.131*x* 0.073+£0.037 0.16940.137**x 0.141+£0.119
Main effect of vision condition 0.180£0.107*** 0.075+0.036 0.158+0.113#**
Tibialis anterior 0.000 0.911  0.851
Leg condition
Right 0.16740.106+** 0.048+0.047 0.14940.074++x 0.121+0.094
Left 0.16940.102+** 0.056+0.058 0.133+0.103** 0.119+0.099

Main effect of vision conditions 0.168+0.102*** 0.0524+0.052 0.141£0.089**

All values were expressed by meanzstandard deviation.

%MVIC: percentage of maximum voluntary isometric contraction, V-C: vision condition, L-C: leg condition.
Significantly different from blind vision (**p<0.01; ***p<0.001).
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