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ABSTRACT

Objective: The purpose of this study was to analyze the effects of wearing spandex underwear on the muscle activity and
heart rate during flexion and extension of trunk and knee joint. Background: Back pain continues to be the leading overall
cause of physical illness and lowering productivity in workplace. Recently, the utility of assistive garment or back belt have
been discussed to lessen the back pain as well as to preserve the right posture. Method: Ten males and ten females participated
in the experiment. Gender, wearing spandex underwear and postures were used for independent variables, and muscle
activity, the level of asymmetry of muscle activity and variation of heart rate were used as dependent variables. Muscle
activity and heart rate were measured during flexion and extension of trunk and knee joint. Results: When wearing spandex
underwear, the muscle activity was relatively low compared to the condition not wearing the spandex underwear. The
symmetry of muscle activity and the variation of heart rate were statistically significant at the 0.05 significance level. In
particular, it was found that the symmetry of muscle activity increased while wearing spandex underwear. Conclusion:
Spandex underwear has an effect that can reduce asymmetry of right and left muscles which are relevant to leg because
spandex underwear equally supports right and left low-back muscles. Application: The spandex underwear used in this study
can apply to the rehabilitation as an useful assistive device.

Keywords: Spandex underwear, Rehabilitation, Buttocks, Asymmetry, Hip support, Spine

N

1. Introduction gug FYPDES} 7 Sxor Izl dAd &%
o] el AHEE I Ytk

JRg SPAEE 2Fo) o} AT ) WA 2

Zqa el M o) st QA FAlA 1, AEYA, 88 A&l AHEEH I glow dAA7A e Ee] osf @
7= 5ol g3l HF wd Ag @A Eo] Aat ot gl & A7 ABEa ot FEES] g3 7ol thalA
9 (Kim et al., 2007). 7378 A2 vlE 21A|, vl 5& ‘: st ojzo] Qltka B E <l th(Earle—Richardson et
FABE oy, Ao w 1% Wy Q= AlFoAM= Al ., 2005). Carter®} Birrell(2000)2 AFd& oA &8
AL B dio] #ERT Pl e AAL] Bt —f‘?‘ = A s ;‘“ﬁ AR F e 3%3]‘&“‘52 Eiks
A AAE wGsh] flall HFAEe] Wy AR 5, & Q= sHEETL HE Alelo] leliAl= i S 3t
k8] A w7] flal 2858 FEAO] AREE I Ivk(Na A7 ]‘31 4 WskE S7HA 257 = @% S ET
et al., 1999). AlgolA+= JE% F2AF U537 s o= 1 313137, Van Poppel (1999) & 32| E 2-8-0] %Ak

Corresponding Author: Mi Sook Kim. Department of Clothing and Textiles, Kyung Hee University, Seoul, Korea 130-701.
Mobile: +82-10-6338-0772, E-mail: mskim@khu.ac.kr
Copyright@2013 by Ergonomics Society of Korea(pISSN:1229-1684 eISSN:2093-8462). All right reserved.

(€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. http:/www.esk.orkr



230 Seung Nam Min - Mi Sook Kim - Jung Yong Kim - Young Jin Cho

J Ergon Soc Korea

84 77} Apeln Haw s

2 st

olel 210l A Fria ow s sjeue
=1 2k

5

3]
ro
Q
L)
L 10
n{o

<
ok
e
ol

&
2AA QFFE ek, BE U gEE SVRIA F
At 81t (Calmels and Fayolle—
Minon, 1996). Perkins ¢} Bloswick (1995)2 &&|HE7}
SEE 8 W Q7EHE 52 I8 A 259 9RE
dolFa1, o]Ao] QF o) TR E dEs AT Wi
of &7 &9 Ao ERY Red 5 vk s}k
A 22 APEAE A8 AdEo] FujEI §
o, szl 9l Znte] o]ido] Q= AREAFEC] 2l ARE-H
of 2k g 9 AL 5t APHoR HuET §lvk 1
gt olefst A &8 A g & B ARt
oA =eE AHelx], ol AukAQl Ao T wolsel
A=Al oigh HEHE] HAFo] a7 EL, B3 £xo) Q1
= G 9 A B3t AT} v ES Adskolt)
52 (sit to stand: STS)2 d<lellAl Eo]
= W, B8 22 712AQ G55 a] st
S ‘Q’%“ﬂ_‘%ﬂ ‘%}—O‘ Q3F ZAolt}, o] A= HHARL
% WFAL AAM & HAol 2}
a é}oiq—(Nuzﬂ{ et al., 1986) TSk o] A= LA
AolA Bl ST glom, 7] A ek A
ol X dojx7] FAIZF ABA 0w JhFalof stk Sulo
A] 0] (Locomotion) o] A z7e] "t stt(Uo et
al, 2007). &EEY &A1 &%) HFHES o3
© 2t dodd dAgeA g Wol W= g
9 32 F/8 &l gt E5& Folof gt} st
of ¥ AFexE BAAR &9 #go] A oR AT
== 3y 9 OPX]-J w/E T&el st IS

B
2
i)
By
rl
i) OR s

A wslele AR s
w olpel BAE Sn A AED 94 4IE
A AR 520 A8 fwake gUAon ek 2

o).

2. Method

2.1 Participants

AP AR} FEeta, S v geel 9l
=9 109, o7 10802 FAEAH Table 1.

2.2 Muscles
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Table 1. The demographics of participants

Age(years) Height(cm) Weight(kg)
Male
(N=10) 355128 170.5t5.4 69.5+13.1
Female
(N=10) 33.0t11.1 160.1t3.4 56.818.2
L 2RO 252 A4t 232 (Squat) AHACA
© 5 e T8 AR s 25 doedldds

(Quadriceps femoris muscle; QF), ¥55 3= &4
AR 2521 dobhel T2l (Biceps femoris muscle;
BF), 389 #5383 B AAMelAe s7E wsle s2elA
AREE = 99 B2 (Rectus abdominis muscle; RA),
& HAAY 3|Hehs T AFREE 259 H5A
= (Erector spinae; ES)S 4733} th(Figure 1).
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Figure 2. Equipment (a) ME6000 (b) Pulse oximeter
¢) MOIRE

2.4 Experimental design

?‘;c}:

eI &) &y} 9l 1A 9] FA]le uA]=
Frkelr] &l sHHTE A o), BAAE S
g A (EE, 1] 28, 283 AFES Fle 47HA] AHA
(Fully Squat, Flexion, Fixed Flexion, Fixed Extension)
£ AAsla, <59 29 s, ek, AP WE A
55 TH5AFE A4t

Aol A HAE= A w3/4E & e
/8 & x3el e v 7HA FFor AAskitt
(Table 2).

AHINAE] F2 a7 (carry—over effect) S 9]
7] 98 219 949 (Latin squared design) & A3

)‘0_8

1o o

Table 2. Definition of task postures

Posture Description Pictures
Fully squat Sit balancing on one's feet
ysq with one's legs bent
Flexion 90 degree flexion
Fixed Posture of maintaining
flexion 45 degree flexion
Fixed Posture of maintaining
extension 30 degree extension

(Kim, 2001). B3k, o] §1x]] upe} 5 ARg-fo] et
ABE Ads & welz B AAE AHste] Hg @

A2 23k

2.5 Procedure

%%7}2}01] gl stk
%011 g eAE Ha ﬁ}s} |
P AAE Hohlia
NeE 548
ARE 2o
3

o
4
Y
m‘*

HAsA stgom, #
7 AR detel 2

o 9
2
fol
N
L
i
o
rr
Y
o
fot
o

R e A o)

o S |

= o Sk orl

gefy} Auke M3lE S 7t ZWL 3T Lﬁoﬂ 53]
A ARSI om] ZAZE ErbE 1084 F21ES Fste] 2%
o] FA¥ 25 H438I9tHDolan et al., 1995). A&7}
o] S &% 2 Al9h u] Zg A1) AEW S
H| w3}k HSHH A7) H2G MY ARE
Ak 29 T SN H2 ZE Aleb v] 2 A
A9 e Al 1H, #e- wolE Axd Y
71(MOIRE Topography) Z2131& o]gafe] A3}
(Figure 3).

Age] BE AAE vt FHEE H3E skgiom, &
sty T9NS Hal SutEA) $ad 339 AF Ave Al

B9,

ol
o

£
=
9]

14
%Olﬂoﬁo
o2 K

32

Figure 3. Example of taking a picture of Moire
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SPSS 17 for windowsS Faf #AHEA (ANOVA) S 3k NEMG; : Left normalized EMG
‘:} Z@ AL A5l Fukg B4 Ay e 15w NEMGg : Right normalized EMG
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B34 RS WY TH AFBFS NFOR AuHUA &3
& AR WY TF AGFe) WeHE AU W
AgEtlth, AdtEl s 299 A9519S wo] 19 Alge NHR : Normalized heart rate
o) WMFE Aybels 299 QMO wo] 18 Agekol|A] HRy : Heart rate with spandex underwear
AgbElA £9.9 2Q8%] ORRS wo] g A8k o] HRyo: Heart rate without spandex underwear
= ARkt o2 et A3l Equation 17 2t}

3. Results

NEMG,, =|[NEMG, - NEMG;| (1)

3.1 Symmetry of left and right muscle activity
NEMG: Normalized EMG

EMGo : EMG when wearing the spandex underwear 28 BET (activity) O F- AL v waly] <4,
EMGy : EMG when not wearing the spandex underwear A A 29 28 A9l ul 24 Ao tsle] BAMRA
(ANOVA) S Akt #AkEA A, w222 RA;
%9 9 RS AFHs VIFoR 7_} o5 2 9% Rectus abdominis) o]l A (p<0.01), ZH& F-5(p<
T AR Atk el 2% SF AR At 0.0D) ol 4218t Zolrh USlan, RIS ZE Gl W
3} 3t ol AlAtE It (Equation 2). A4 (p<0.01)0] YglL}. 18T ;Lzrxﬂ% (ES; Erector
Spinae) o= ZA (p<0.01), 2 F5(p<0.0D) oA
NEMG,, =|[NEMG, — NEMG,| ) o8k zpol7} 9T,

Aokl 282 (QF; Quadriceps Femoris) ol 4+ AFA
NEMG: Degree of symmetric difference of Normalized EMG (p<0.01), &L 55 (p<0.01) oA T3k xfo]7} AT

Table 3. ANOVA(F-value) assessing symmetry of left and right muscle activity and heart rate

ANOVA for individual muscle
RA 10.988™ 2.139° 20.676" 2.347° 1.947 5.785" 0.408
ES 17.175" 0.853° 10.362" 1.459* 0.006 0.838 0.699
QF 19.672" 1.390° 17.361" 0.327* 2.026 3.076" 7.449
BF 15.449™ 10.468™ 5.930" 5.680" 0.847 0.638" 0.347

ANOVA for Cardiovascular

Heart Rate 6.080" 5726 7.106" 0.505 0.424 1.030 0.647

*: p<0.05, **: p<0.01, (RA: Rectus Abdominis, ES: Erector Spinae, QF: Quadriceps Femoris, BF: Biceps Femoris.)
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AHA|9} 2 el A mEEE-(p<0.05) 0] ATt "t
F4HYEBE; Biceps Femoris) o4& 24 (p<0.01), A4
(p<0.01), #H& 7 (p<0.05) A 2k ztol7h A%,
A 9} el w528 (p<0.01)¢] ATt Table 3).
Tt 20|17 AAH vllEF2LE e thokst #bA|
o tiall Scheffe test® AFF-A1S skt 1 A3} Fully
Squat(0.36), Flexion(O 22), Fixed Flexion (0.25) ¥} Fixed
Extension (2.06)+= 213t 2Fo]7} ATHp<0.05). =
& A 1o Flex1on Aol At do] =A vEbsth
(Table 4, Figure 4).

Table 4. Scheffe(post hoc test) of RA activity for

various postures
Fully Flexion Fix§d Fixe(_i
Squat Flexion | Extension
Scheffe grouping B B B A
Mean 0.36 0.22 0.25 2.06

& fitol sl ALFRA] Avke B A

£9 2405003 FYAD 5% ] 20.900 9] FolF

bl Suaiﬁmxo 09). 5 WAL 5% 35 A9 25
gl 3

Table 5. Scheffe(post hoc test) of RA activity for

clothing condition
Wear Nude
Scheffe grouping B A
Mean 0.50 0.90
Rectus Abdominis
3.0
o 25
= )
w5q Clothing
. condition
5 1.5
E 10 -@= \Wear
2 05 == Nude
0.0 + + -
Fully Flexion Fixed Fixed
Squat Flexion  Extension
Figure 4. Interaction effects of N-EMG on RA between
various posture and clothing condition
HFAlE 2 Al disl) AFEA A3t Fully squat

(1.90), Flexion(2.00), Fixed Flexion(1.80) %} Fixed
Extension(0.30) = 93t zo]7}F UATHp<0.05).
Fully Squat, Flexion, Fixed Flexion A}A|X.th leed
Extension ZHAlellx] #-¢- th/do] 57| vebston], B8
&5 AAS R, YA ks Wt diEAdel =4 W
Elt} (p<0.05) (Table 6, Figure 5).

Table 6. Scheffe(post hoc test) of ES activity for

various postures
Fully Flexion Fixed Fixed
Squat Flexion | Extension
Scheffe grouping A A A B
Mean 1.90 2.00 1.80 0.30
Erector Spinae
3.0
o 25
=
i 20
z
g 15
|5}
£
€ 10
&
< 08
1
Fully Flexion  Fixed Fixed Wear Nude
Squat Flexion Extension

Posture Clothing condition

Figure 5. Main effect of performance posture and
clothing condition for ES

dokeulgdeg e Aol disl] AF24 Ad3E= Fully
Squat(23.31) ¢} Flexion(1.54), Fixed Flexion(1.67) 3}
Fixed Extension(11.48) & 2]t x}o]7) Q11T (p<0.05).
Z, Y& ApA| L}, Flexion, Fixed Flexion AFAolA] #-$-
o] =4 Yelth(Table 7, Figure 6).

Table 7. Scheffe(post hoc test) of QF activity for

various postures
Fully Flexion Fixgd Fixe(_i
Squat Flexion | Extension
Scheffe grouping A C C B
Mean 23.31 1.54 1.67 11.48

o2y 2e 28 -5 (Condition) ol thal] A5

A A3 ddAd S 28(8.200 3 @A £ v F
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£(10.80) = ot a7k AN (p<0.05). =, A
2 & 28 A9 2 diFAdo] ZA YERSTH(Table 8,
Figure 6).

Table 8. Scheffe(post hoc test) of RA activity for

various postures
Wear Nude
Scheffe Grouping B A
Mean 8.20 10.80
Quadricep Femoris
30.0
% 25.0
] Clothing
= 200 condition
2 150
g =®= \Wear
E 10.0
2 55 == Nude
0.0 + t +
Fully Flexion Fixed Fixed
Squat Flexion  Extension

Figure 6. Interaction effects of N-EMG on QF between
clothing posture and condition on Quadriceps Femoris

dobe]F 2w Aol dhal] A4 A3 Fully
Squat (6.17), Fixed Extension(1.26) ¢} Flexion(12.72),
Fixed Flexion(14.36)°] 2% zo]7} QA1tH(p<0.05).
<, TRE AP, Fully Squat¥ Fixed Extension AbAlo]
Al #-¢- diA/do] £A YERstH(Table 9, Figure 7).

Table 9. Scheffe(post hoc test) of BF activity for posture

Fully Flexion Fixed Fixed
Squat X Flexion | Extension
Scheffe grouping B A A B
Mean 6.17 12.72 14.36 1.26

ol aaEe 4l (Sex) o tial] A5 Ao o
ZH13.1) ¢ A (4.1) = 423 2Jol7t YRATH(p<0.05).
=, @A 27 H9- gl Ado] FA YERtH(Table 10,
Figure 7).

3.2 Heart rate

A~
2

i
jus)

Jaakr] 918l EAREA (ANOVA) & AAT8kdeh

Table 10. Scheffe(post hoc test) of RA for sex

Male Female
Scheffe grouping A B
Mean 13.1 4.1
Biceps Femoris

140 *
o
o |
= 90 T
e
|3
£ 40
>
[
<

1.0

Wear Nude
(a) Clothing condition

25.0

O o
- Sex
E 20.0 K 5
=z P \
= 15.0 S \‘ -@= Male
E 00| o by —&— Female
> S50 ‘\
<
0.0 } t t

Fully Flexion Fixed Fixed
Squat Flexion Extension

(b) Posture

Figure 7. Main effect of clothing condition and
interaction between posture and sex on Biceps femoris

oA A3 ek 2R (p<0.01), A4 (p<0.05), &
£ 5 (p<0.05) oA 23t =}o) 7} AATH(Table 3).

Ak Fully SquatE A28l Standing AFERoll A
SAE A 0%) 2o fo8HA @A Uk (p<0.01,
Figure 8a). A2 dxtR = o7}t Bkt f-28H)
S YEREIL(p<0.05, Figure 8b), BH3A1E 4% 24
FoldE B &2 28 Al et fesl Bl
YERETH(p<0.05, Figure 8c¢).

F3t xpol7F AR AAl (posture) ol thall Scheffe
test® AFSEA]S 319t} 1 A3 Fully Squat(4.6%) 9}
Flexion(—1.3%), Fixed Flexion(—1.8%), Fixed Extension
(—=1.0%) = el zkol7k A3HH(p<0.01, Table 11). =,
2 24l B} Fully Squat AFAlIA Auk=r) =9k

3.3 Topography of body surface

I % 1970 el B A
%% 28 Aok v 8 Alo] tjsel Faxle] 9%, g
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Alste] FAEIITE 1 A AEW P4 s X A &% 2Hg Aleh v]) Zg Al I AMEREE )
9 5o Wk A9l §leh Figure 9). Wal B, BE A A £2E B A 28 A}
|50l 5147" et o] A= sERE 28 A &+ D
2 Zo]F 1 (Calmels and Fayolle—Minon, 1996), 3

Cardiovascular

o B4 Al S E2E FoF = (Perkins and Bloswick, 1995)
£ :; . AT dakele] A AdE o ddth
g fi * ] L5 ARERE] 2 S vlaws] B, oo AhA
% ool ro o R £0] 2§ A7} m] ZHE- "]E‘ﬂr =9 %
%'1% do] =4 velsttl. 53] Fully Squat$} Flexion &2
o ; 1 AR ALgE RE THeM T8 ALGT B9 ohY 87
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Squat Flexion Extension Aah= gttt dolvks s IS sFo|th o] A=
(a) Posture (b) Sex (c) Clothing g A2 %%Ol g9 2 285 TIFE ARFECR
condition A oo e 2559 A vdAES A s Rl
Figure 8. Main effect of heart rate 2 F59

kel A g S 28 Al Ak "olA=
Hogo] FAF L) o] A= Nagayama £1(1995)9] <
Table 11. Scheffe(post hoc test) of heart rate for posture ol maEl Zu} ko] o] AS g A Huzhaz
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5. Conclusion

Figure 9. Topography of body surface (sample)
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