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| Abstract |

PURPOSE: This study investigated the effects of lower
limb and trunk muscles activation on seat angle and height
during sit to stand and stand to sit.

METHODS: Subjects were instructed to sit and stand on
different angles and heights; 0°(43cm), 5'(48cm), 10°(51cm)
and 15°(58cm). Measurements were conducted from sit to
stand and stand to sit for external oblique, transversus
abdominis, rectus femoris, vastus medialis, vastus lateralis,
tibialis anterior and gastrocnemius muscle activation by
surface EMG. The muscle activation was measured three
times for five seconds in each posture, and the %RVC value
was calculated after the exclusion of one second before and
after this measurement. This calculation standardized the data

from each participant so it could be comparatively analyzed.
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RESULTS: The external oblique, tibialis anterior, and
erector spinae muscles showed significant difference in 10°
(51cm), 15°(58cm) and 0°(43cm), rectus femoris, in 15°
(58cm) and 0°(43cm)(p <.05) during sit to stand. The external
oblique, tibialis anterior, and rectus femoris muscles showed
significant difference in 0°(43cm) and 15°(58cm), erector
spinae and vastus medialis muscles showed significant
difference in 10°(51cm), 15°(58cm) and 0°(43cm)(P<.05)
during stand to sit.

CONCLUSION: The present study findings indicate that
the toilet seat angle and height could affect muscle activities
of the lower limb and trunk.

Key Words: Seat, Angle and height, Sit-to-stand

I.A &

b2 AAZHE dojA7]= T2 AR §717],
A7), 571, Al 2.27] T3} o] dgAgelA] v
&1 SalxItiHwang 5, 2008). OF= 52 28 A] Bt



108 | J Korean Soc Phys Med Vol. 10, No. 4

ARl T Y-S FEA7]E 8Rle] Hm, 53
o, o] BEHak wrlof A= oAbzol 7}
A LS A A% IF 8ol
(Chamberlaind 5, 1984). =3t} 40l oJ8t 73 ¢] 7hx,
2B 7152 H3l, BaeEe] kA 2 19 ofgle}
2E AAA Wt Qs =91 AeA] dolAAY
w11 A= A Alart GA sk gl 919
FhEE S0 7P Eokom, ojojA @, A,
5o, A, Ade] Aol (Park &, 2004), $FaL A7)
Al AA T 733lellA] FAlEA o] P Aol &
e el = HBkEo] SpH|et 18 5] F840]
275]7] wE-oll(Baerl Ashbum, 1995) 3] Fet =913}
TEAA A= B glo] dojAar] B2 )
7} o] Fti(Mak 5, 2003). 1912 F- Al nlsl &%
S o Bol w3 AIZIHA dojA71E Fallsk=t] o]l
o} o] okl A9 359 WIS Sl S-S
2ok 24 SA 7PAAl AR SHES 3171 918 Sl
(Yu2} Lim, 2007), 21 A4l el 7FHAl $1x18HA 3=
LEE ey 2o B i 2hg

‘:_Lo]m]’ ke AA-E] 14 519 u= ujEe 2 o)
o) el

MNoflo

2va 12 [e]

o
= H(Kim &, 2001), 7| H wol& 559 TS
2 JuFdel Fxr} Hell 7] whitol =t J%EA
Al EZL =, gk 54 kA o] AlEE o] Qe 9
A 54 A o] F5H thLevangie &, 2005).

g guiedldel S QG2 FollM 71| A4

5ok 34 A5 AAHo 2 Sof el g she
2502 oRelq Lol A el
o] 9ol

L oft

Aol A=A o] (Park, 2013), FHA2e] Z-foll = 5}
Ao] 58 FHshe Bkl IS FAT =

= 5, 2012).

wbA kil dojM7] 22 LSS 7HE
=
[¢)

o] ol BAE F o] APl H& Sl
SO olojAi 37 SIS Aol 54

= o] vl

Hir

o}, AAFAIE)| A SJRJ|A] okar

dojxj7]9}F o] 7] AEelA ekar dojA7] Hgh
5]l AHE AL AAE AeilEel AN ol 423
B SR Y] A Bl ] uljd o] $-9] oFal
o & 8k o] AT ti Al Al A ES

2

X7

—_—

212 9 0] 8 2AFOZH 9 Uoi7] 4] BE
a7e] & PHES ol A 9t

>
o

2 fo g g
ol

Lo

oy

on -

2 o ox e T T

o2
ol
o
3
H

:olljl

o

o

=

o
£

i

lon 2
o2
=
s o
o
tlo
=
ox

L&

re

-

il

> o b

re
-
>
o:
%
1o
S
oxl
~
N
rlo
ful
dlo
_V:I,
.
ful

R

—_
~

>
Hooft I i

o

k7t gl Ak

2 8 Alof| TS sAastAY Algho] B

ol 450] gl 2k

3) wE B b 5 win) Al ¥E o3 Y
o} 217 eHA WHol] gl= Ak

4) B AT Felaks A2 T A,

B4l nael FAZ g, A9t $5) 2
e

I~

2. AgH=}

o

1) gkt QojA7]
B AT DaF 91 gk dopsl A3
BolA] F2 ool oAk eh= PO g
= 0 gk Aol ARSI g Hago] HEs
Shol WAAE Hieo] ol o P2 7
FAR, & e Sleto] Hefom % T2
o ASteA| Lelpich, ol AN bR
Aol wek AENA olH7Ish 91§ WA,




AES] 7w 9 o)} gk

=

2) A9
75 8l

]_

=015 7] 3l AAF |HE 5 AXE 2P

7] flell w1 AAEGlaL ZHE B 350]= 0°(43cm),

5°(48cm), 10°(51cm), 15°(58cm)= A &1 om, F-2

S 0 2 Zegith Alade S vhr A
ISNPN

7 71 8 30 W F 2R A A4S,

o do
o -lN‘

w

A= 715 8 AsAd

) AR 7=

& Aol A= ekl dojd o] 2 Al F ek
drigudee] e, 7R, ok
o MptR ) e e B EE ZA5] 9
sto] 2 Ee] AFE FHEC 2SI iyt
< IRk Sk RmITIAl T Ale] ALarwkIT) up
29l A=e FASAL, wEEElS vl of
2P 912 oF 15emT-9loll A=52 F-25k3ith(Lee &
2014). s2fm 39 7RAlE710A 20cm 7HEol] -2}

O:] an%ggg O]—Uq‘/] OJE']Hlﬂ'L—“}de]' YL%_ZJ——
A, 7HEE ST T2 3~5emelollA] T4
74 ApdvleRo 2 Babalel 3 obgy ot K S

] 2em$lellA] A4l A19] QFEAL ke Ho519) o
(Kang 5, 2012), 47

Qo F-2aigl om Fuk) e 2 iz ol
AdolA SR 2 emol i4*<‘5F21J1(Ch<)i =, 2003),
:L;ﬂ—/lj_l,z_g H]Lo}jl ,r]o}oq o)

way ANOVA)& ARS-3ISITE ARF-4 4% LSDE &}
om FATA frol4FE p=05= 3Sith

P

AN

2) &

SHE

A

g Al U= 7(Biopac student Lap MP
36. Biopac system inc. USA)= AF8-3F51om 51 3+
o] H5S AAS] Hste] 1% F L E(band pass
filter)= AFe3s9 )k oo Zhzke] ZhedA] =A%
dolgE 7oz o 5 12319 715S& Al9lsk
%RVC #k& 2FE3F1aL, %RVC #hel A& H
o5 AP V) 5 WEE g A AHE
2 SA5om, o]F Ell ZF didAke] vlo] 15:

O

23]

{0

ko

I:H 10 N

1. Aol dnks 54

A= Ak Aol A 1sHo R AT gt
Ape] kA 442 ol o} . wpoli= 2041914 31
Al Aboldar, Hat Al 24.13+4.13 A, Hat AHE
174.00£5.44 cm, H3t e 7347+1346 Kgol Atk
(Table 1).

2. 71914 Aoix7] Al
< AT v
k7oA dojx)7] Al ufjubzyl ,C_LL A
A& 000l A 1009} 15060 4] 22 6] gk z2fo] =
B0 (p<05), Ariel=eS 0001]}\1 o9} 80
Ztol & YERH I THp<.05)(Table 2).

2 9 osgoldl mE

3
o

3. 9] A] 2% 2 lzolo] whE o AL H]WL

M7 k7] A BEE I, QE e, b7
<ob Hrh] e 0ol 4] 1507 o] gk atol & et
01 (p<05), AZA &L 0°, 10°7} 1500 4] 212}
o8k 2ke] & HERHATHp<.05)(Table 3).

V. 7 %
WAL 45 Fal] As dojA7)e} el
715 —1 5%”3% A3} L 40 tKSchneider 2}

= Wy
919] 4% 71

54 A oj7je]

Table 1. General characteristics of subjects

(N=15)
Variables Mean+SD
Age (yrs) 24.13+4.13
Height (cm) 174.00+5.44
Weight (kg) 73.47+13 .46
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Table 2. Lower limb and trunk muscle activation on sit to stand

(unit: %RVC)

muscle

0°(43cm)

5°(48cm)

10°(51cm)

15°(58cm)

p

EO*

220.78 £ 60.15

194.75 + 48.37

181.29 + 45.43£

164.70 + 45.65¥

.026

TRA

206.35 £ 56.42

191.18 + 51.37

178.89 + 51.87

157.67 + 45.61

.078

ES*

241.52 + 5431

216.85 + 48.77

196.72 + 45.99£

172.27 + 45.25¥

.002

RF*

222.73 £ 73.60

201.24 + 69.72

17522 + 62.31

155.42 + 55.45¥

.037

VM

202.06 + 101.63

181.42 + 96.82

169.46 + 91.40

169.46 + 91.40

.550

VL

272.00 + 293.73

240.65 + 262.71

21549 + 237.68

186.76 + 202.15

.816

TA*

217.70 £ 62.81

196.37 + 49.29

177.59 + 43.09£

161.00 £ 38.59%

.017

GA

294.98 + 196.02

253.64 + 198.17

253.64 + 187.38

228.90 + 187.38

.820

Mean+SD, *p<.05

EO: External oblique, ES: Erector spinae, VM: Vastus medialis VL: Vastus lateralis

TRA : Transvers abdominal RF: Rectus femoris TA: Tibialis anterior GA: gastrocnemius

Fsign difference between 0°and 5°, £sign difference between 0°and 10°, ¥sign difference between 0°and 15°

Table 3. Lower limb and trunk muscle activation on stand to sit

(unit: %RVC)

muscle 0°(43cm) 5°(48cm) 10°(51cm) 15°(58cm) p
EO* 199.08 + 43.83 183.19 + 43.13 170.46 + 39.92 154.77 + 39.67¥ .036
TRA 202.99 + 58.32 190.59 + 60.01 180.94 + 60.98 160.42 + 62.92 275
ES* 260.04 £ 72.71 233.60 + 6542  207.83 + 52.50£  183.16 + 45.11¥ .006
RF* 205.94 £ 61.07 186.21 + 59.39 166.99 + 50.94 150.03 + 45.69% .041
VM* 172.86 + 28.43 156.78 + 24.79 146.46 £ 25.39£  137.05 £ 25.53¥% .003
VL 203.89 + 77.94 187.10 + 68.84 171.96 + 60.10 155.87 + 57.69 244
TA* 204.45 + 63.92 184.39 + 55.18 168.77 + 50.93 148.78 + 39.09¥% .039
GA 223.66 £ 73.05 204.72 + 72.60 185.78 + 17.12 166.70 + 61.11 147

Mean+SD, *p<.05

EO: External oblique, ES: Erector spine, VM: Vastus medialis, VL: Vastus lateralis

TRA: Transvers abdominis, RF: Rectus femoris, TA: Tibialis anterior, GA: gastrocnemius

Fsign difference between 0°and 5°, £sign difference between 0°and 10°, ¥sign difference between 0°and 15°

o]} alA)

rl m r1r 2 rlo

3} 2 3
LR 0. (Kim -5, 2010), ©]4He] 3
oft ] Y F FEp oI

319 2 (Hwang -5, 2008), 3L

%9 BT} Fol5A 4

1% ojA

oz R T HHEL ST Frr} 1;\}74]
o, J7}e] Fol7h Fom Hlf ¢
o2 YERHTHKim &

1—n

=
lmm
éﬁ\fd >
(I o
o N oo

> ol

go] 7kt

A 2010). ?i?gl Az}l A
2719 o7} %—%%?% NS S IE
g Zo 2 YERRiT

ud;q HHH].@-BIEL?JF ;<417] PJELQ] A ‘}_7]— 71—/\3}03

8, ©]% Hwang(2008) 52 <19}
ll1017]' l':—ji 04‘:‘]‘\,]—}(4 =i _’_;jﬂ_;gq
HE7} 71-}\61-J,]_ E)\]oﬂ A

@ol 7)o

Ao w3 =



NES] 2t 2 Eolst

ok A7) Al 8kA] Bl 55

AT vA = 9 | 111

etk o3 Avp= Ssioll A 3557kA) 2
3L SAAY =919 B9 griEdede
A 19%2 7 A VR o 35504 7H
16.5%% WEFEOH(Kim % 2010), 21 Lojxy
Frefol| Al oJzke] =017} 43 em9} 64 em? B-S
SPlS wf JEHd 9 FEabd Aol on) A
Apol7h o Ao} frAFHITHKIm 5 2006). ©] €]l %=
ok7kol BAISE 7t Ao YeldEd), o=

7oA dola7] Al JrhelEell ogk e
¥} F-go] W Hul= Al WA % 7R}
THFe] Al o A RaE vl AL 7R
202 A7t o7t 79| oo w2 A]7]ef A
7|2 O] ApAl| A & gE7]el| A A]7] e} ko] mjupZHl
<, AFARD Ao Pl A Eol7t
Stold 45 7 250l A 28 A&t oA folgh
Zpol & RN SITE A17]0l4] °‘7li91 R ARy
Zaleto| M) fojido] & B o= Y], o]
= A7100A el e AT %P =olF=t Hrk
T RE TS T & Gl A0E AFES
Lo

] Hﬂ-ﬂiﬁ‘:” 61-7;1] AAA] 2 AT E o=

N
i
il

[N}
S

o
oft ML

R B rlo

=

_
_uE

o] Al A=)
4 ) ole] e} S BE) 2 e st

% glom, slofut A

= Aol

BT 4 glon, T3 Yo ok

Sol #u71E ol & 1 Ao Bz AE] o5}
2eg Aestel o|ggoH = BHE Mk U
A% GgHow

A

V.

b

=
R

AEQ] Z}ie gl Folo] Wshr) s B 5 <A
T2 olr 7] 98] 0°9} 43cm, 5°9} 48cm, 10°9} 5lem,
15°9} 58cm 4714] 28} Eolel] igh 75 Xlet
Az} Z7) AEQ| Eolo} Zhro] M} 3 2}
4= YojA7]dAe] 2 FAEE U SAEG o
], 7] A|E9] fole}t Vvt 52 Ao H]s) 2w
719] olo} Zhwrt ol d s oY Py} FEak,
Zejal R 53] e AR o mA o) e
25 A FHAT] AFEAT, & T

ol Ao vehd

F

i
I

Acknowledgements

This work was supported by Dong-Eui University
Re-search Grant No. 2015AA066.

References

Baer GD, Ashbum AM. Trunk movements in older participants
during sit - to - stand. Arch phys med Rehabil.
1995;76(9):844-9.

Chamberlain MA, Munton. J. Designing chairs for the disabled
arthritic. Br J Rhematol. 1984;23:304-8.

Choi JD, Kwon OY, Yi CH, et al. Kinematic and EMG analysis
of sit-to-stand with changes of pelvic tilting. Phys
Ther Korea. 2003;10(2):99-110.

Hwang SJ, Son JS, Kim JY, et al. Analysis of Joint Movements
and Changes of Muscle Length During STS(sit-to-
stand) at Various Sitting Heights in the Korean
Elderly’s daily life. J. Biomed. Eng. Res 2008;29(6):
484-92.

Levangie PK, Norkin CC. Joint structure and function : a
comprehensive analysis(4"" ed). FA Davis,

philadelphia. 2005:355-91.



112 | J Korean Soc Phys Med Vol. 10, No. 4

Mak Y, Levin O, Mizrahi J, et al. Joint Torques during sit -
to - stand in healthy subjects and people with
parkinson’s disease. Clin Biomech. 2003;18(3);
197-206.

Kang MH, Kim JW, Yoon JY, et al. The effect of changes
on patella height using infra-patellar strap on the
EMG activity of quadriceps muscle during a squat
exercise in adults with patellar baja. Phys Ther Korea.
2012;19(1):3745.

Kim DH, Park SM, Jeon DY. Kinetic and kinematic comparison
of sit-to-stand movement between healthy young and
elderly. J Korean Acad Rehab Med. 2006;30(4):
38591.

Kim JH, Chun KJ, Hong JS, et al. A study on evaluation
of seat pan inclination during sit-to-stand for
development of elderly lifting-chair. Gerontechnology
Center. KITECH. 2010.

Kim SY, Kwon JH. Lumbar stabilization exercises using the
sling system. The Joumal of Korea Academy of

Orthopedic Manual Therapy. 2001;7(2):23-38.

Lee GY, Yoon TL, Kim GS, et al. EMG activity of abdominal
muscles during lumbopelvic stabilization exercises.
Phys Ther Korea. 2014;21(2):1-7.

Park S. Biomechanical analysis of the quadriceps femoris
according to the knee alignment in young adults.
Doctor’s Degree. Daegu Catholic University. 2013.

Park YH. Influence risk of falls in elders who live at home. J
of Korean Gerontological Nursing. 2004;6(2):170-8.

Schneider EI, Guranlink JM. The aging of America: impacton
health care costs. JAMA. 1999;263(17):2335-40.

Youm CH, Kim TH. Effects of induced fatigue of ankle joint
muscle on the capability and recovery of postural
control during single-leg stance. Korean journal of
sport biomechanics. 2012;22(2):219-28.

Yu YJ, Lim BO. Kinematic analysis of rising from a chair
in healthy and stroke subjects. Korean Journal of
Sport Biomechanics. 2007;17(2):103-22.



