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Effect of prolonged cross-legged sitting on biomechanical variables
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Abstract

The purpose of this study was to verify the effect of cross-legged sitting for 15 minutes on the kinematic and kinetic variables in order
to provide a basis for emphasizing the importance of daily activities. Total of 19 healthy adult males whose dominant foot was on the
right and who had no experience of musculoskeletal injuries or surgical operations on the trunk or lower extremities within the past 6
months were participated in this study (age: 28.78+4.31 yrs., height: 172.95+5.84 cm, body mass: 76.50+13.10 kg, navicular drop test;
5.8%1.7 mm). A 3-dimensional motion analysis with 8 infrared cameras and 2 channeled EMG was performed to find the effect of 15 mi-
nutes prolonged cross-legged sitting. A paired t-test was conducted to verify the intervention effect and the statistical significance was
set at ¢ =05. It was found that a 15 minutes cross-legged sitting induced an increase of the maximum hip adduction throughout the en-
tire single-leg squat. In addition, increased the maximum valgus was found in the descending phase and increased vertical displacement
and decreased lateral displacement of support side pelvic in accending phase. Finally, decreased gluteus medius activation and increased
gluteus maximus activation were found in ascending phase after 15minutes cross-legged sitting. In conclusion, it is thought that continuous
cross-legged posture could cause overuse of certain muscles and damage to joints, and it is necessary to prevent deformation of tissues
around the pelvis and lower extremities through proper posture and dynamic rest.
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AURIES SFF F HTHOZ 82A7HS Yolx] AEsia 9)
H(EAEAR, 2017), oleidh AAREY golgle AAle AAZ
o] ZhAh R wiEA o 72 Y] fAE 878p] wiEel 4
A oSS IR YA EAES ek 9ol
Ak 4 Acklevine, 2014). =3 Atholo] T Yool
FEIQ] Aol gkot Qe A AFo] FHole} A ARz
Z|(soft tissue)oll oJeiA AAEER “dAZ Faprp AR A&
2 o AR Aol 3 #EE O MYt ke @
47 Rl A ZRl| ofal] F= oo ARz WFPo| T
g glem(Silber & Then, 2013), olefgt WHE-2 AdAFQ AR
T+t 16.5mm) HITR] AFRe] 97 o & A S E(Ht 27.4mm)
Bygo} QJuiAl-Dirini, Reed & Thewlis, 2015). o]} 72L& A3
ATFES B 0 IEINE Fiske Fapt 39 245 e
ofY ARzA WY =gk v F ZOE T 4 9, AARE
SoRolE AR dRzA 9 MygoR Qg FAol BHde] v
ERd 5 o] oJ&7ls3ltBouten, Oomens, Baaijens & Bader,
2003).

Carter & Banister (19942} Snijders et al. (1995 < 224
Go| 715 we} P xAE FESHA ¥a FRHoE g
Il = AAE 7R AREFEC] £3] #E 7hssh old A=
do] T ARz HIhH AR FatE TlebA Hrkal Hal
s glom, wEkd gelE mal e AAE I T 2§
oAl Aole] wsle} AA| HHGe] WstE do ZoE didd
ThSchamberger, 2002; Snijders, Hermans & Kleinrensink, 2006). &
8], A&HoE telg wil ge AMle g THHpiriformis) 9]
Aol7k B ek Aol HIsiA FiA R 117 %7t Sold
ok o 2KSnijders et al., 2006), 7He7]Hgluteus medius)e] HE
Ay, SE7]Hgluteus maximus)2] HEFUIAE JETE] 60
5 dol wl(flexion)s A =W AEEHIOE 2Hgo] upy
A Hed, g B g AAe o] JudEs w3 4
efoll A 71&EH(external rotation) 2.2 YXAIFIA FWH B7|EE
9] o] T3 soUA He Aoz BRuEy JuhDelp, Hess,
Hungerford, & Jones, 1999). I8B& A& o7 g ma ¢
v Me g Be & S22 SHE72Y HdolE A
7 ZH(physiological neutral) S dolA SofuAlste] 28
FATT} Al A Al eksistretch weakness) S fd
g Ao AZFETKSahrmann, 2002, Kendall, McCreary, Provance,
Rodgers, & Romani, 2005). ool we} @& A7AES o|¢k #d
H A7E FP=t 102 7HE aid AAE Ak A
gE ne &Y E7|TEC] fYrsHl o & dES v E7]
ol ol AME Q) FAsHE A oE ok Aol Hls)
S X3t AR2Fd 9 2 Myo] FEES SHHHLee

& Yoo, 2011; Van Wely, 1970).
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< o] A Ao} Qe B8 A s(dosed kinetic
chain) 224 s}A9] $2AUS Fa AW §H e ARgol] vl &
93t} o] AlA ZAlcenter of mass)e] x|l Wb AHuE
go] Al 285 Het 2, o, W 59 2Fo] 1
3o thalatodol FHPowers, 2010). E3] JETA FH 282
SHE7IS2Y FE7]2e] EAo] ofslEY WA FExAde
Hobo] % 71EE M (Claiborne, Armstrong, Gandhi, & Pincivero,
2000, £712E9 A4d 7I5Ashs v AARAYE F
B8k =% QI Neumann, 2018).
B7129 7% Asks Wrlkeke ol WY 5 3 o ~FE A
Ae WOlM 7P gutE oz ARgsk= wWHoltiClaibome et
al, 2000. & e ~FE e & UEE FY5= 2FE &
ZAHT iAol 7IA = Fapt EolAAl Heu, Aes AAS
© B¢ B2 FolE v A T HH duHd =S
EEH FAYY U] HE Tty RiHin glon
(Chumanov, Wall-Scheffler, & Heiderscheit, 2008), F-=%%50]
T Ius o= 3 tele AA FEES HE ol 533t
e o FE52] shgolet ExgAM I A9 fosiA S7EH
3 BuE 3 QItiNakagawa, Moriya, Maciel, & Serrao, 2012). w
gtA gty AFE AAe E71EEY IBAEE Qs daE
T odE - 2AA E3EY A AAE ksl #elA
ol AR <lAwm 9Jom(Ugalde, Brockman, Bailowitz, &
Pollard, 2015), ZA, 22)7], A”(cutting? 22 ot 7153
gF5es T4 & T e FHY FAMeE Qg ZARE 2AY
= W7 & e 83 $oltkClaiborne et al., 2006).
Agdoz A&l v my ¢k AMe EE7|EY 31
27)20] AA okElE sl 3 T AFE A 22 Y] &
BAQ ke T, o3t Fap}t FHEA - TAA &4 2
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1. e
2 A7 Fof dde H2 678 ool EEold skl
A7 e 3 e 3 Aol fle 4R 20-300)
At 199%(Year : 28.78+4.31yrs., Height : 172.95+5.84cm,
Body mass : 76.50+13.10kg, navicular drop test 5.8=+1.7mm)o=
o] 59 FELe &g B dAie d=ASUEgn AT
Ho9193]9] S90S e T A HFOHEKNSU: 20201231-142),
HeEAZE gl i RS flst] 59-Es AAKflexion
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-adduction tesE At , zone 17HA 29 4 Qe W
A AW, Ere] H3(pronation) A=7F ARATe] FEe A
T Jornz Fadt =9 whilm 317 HAKnavicular drop test)el)
A 10 mmelde] Hapt Qe i AlQdsiath A7 A+
of A3 FET A M XS AT T Aol FHAsiiith

2. pTER

LYY A7) FYL e 7 AT FYPIL A
Aol K t3h stz HEaiinh WA hREe 2
2= vnE 28l did 2559 MVIC Maximum Voluntary
Isometric Contraction)7} SA=EoH, 1 & Eo|2E Z4g &
W $AE ] AT WA 2RBYEE SH)
94 EMG Aol Rk 1. $2o] sasie 3719 7
e} Azjnelold ¥ drie] 27T} SYHon, 1% 2
712 B FE7I2el B2 EMG dSo] 1M WA &34 Az
AT DellM 1582 Bejaa 77 FHHJAHIH 3). 15
w3 7] F @ te] AFETE oA FEIN.

=

NBET % RExf

3

B ATFE FYs] Slete] HAA Fhmlet 8t(Oquss+ Qualisys,
SWE)$} 2209 EMG(Ultium ESP, Noraxon, USA)12]aL & the] =]
AR 7|(AMTL, USA)7F 2H2F wjole #5%E 100Hz, 1,000Hz, 12
11,000 Hz=2 ARSI

2 Aol F2s #Aa] SdeEliA AeE BE BHIES
ADD boards &3l Al FxHACH, AAEE Qualisys
Track Manager(Qualisys, Sweden, [QIMDE &3l 2A2E FHE3)
Qi &5 WSS Visual 3D(C-motion, USAS o]&3}e]
ARSI,

A5G AAHFEE S5 WA AE A sk oAE A
a3k 98l 23 A B3 ZE(butterworth 2nd  low-pass
filte)Z AR&3lY] A%F-d(smoothing)dtHx, ol eaa(cut
-off frequency)= 6 Hz= AAstth =3 EMGS] 49 ASH5
AHAEE A28 S Eol7] Y8 7t B gH
(Band-pass filteE AH8-31H.0H, ojuf Apeui== 20-400 Hz=
A3tk 1 % RMS (root mean square)s Eate] AEE W3l
ST

TG 489G A7) WEE Sfst] T AFE AF T A
7F We7he 778 Phasel, 28keE 77He Phase2® A4t

4, SAXE|

w 47 Z49 BHER gl 2 o WdAEe & o
Z] 27E & 3 Al 5ds W vle dFe At
7] $lste] oi&EE -4 (Paired t-tes)S AAEGEOH, FAA
FojrEe =052 AAEAT

T2 1, ¥HIOR] 2 EVG SAIRix]

O3 2. ofEEE0IAE)

2 3, SHRPH R 2Rds| CRIE 1= A

Il izt

B Qe R TR T g FAEAe) 54 o
MR e Yol 1 Bl gtk B dTe Bhe
B3| 23] Slsled FAEA 2, Fol @ T 2T AN
g9lom $ES 2 $FATA WSS Aol S sk
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it 1, SM2S M= SRR 2ty el

unit: degs

Joints Mean Max ROM
pre 5.36+320 10,0614 44 971+4.13
Adduction Phase 1 post 55642.99 109544 23 9.89+4 67
Ho ) 1o -0.62(0.54) -2.64(0.02)* -0.26(0.80)
/Abduction pre 338+2.60 979+4 43 11.3645.09
0 Phase 2 post 3854226 10,58+437 11.66+503
to -1.32(0.20) -248(0,02)* -0500.62)
pre 2794380 -0.69+4.06 455+4.28
Phase 1 post 2624354 0154394 4.86+271
ke Velgus(+)/ to -097(0.35) 2.21(0.04)* -056(0.58)
Varus() pre 2794384 054+389 470+399
Phase 2 post -263+3.46 0124358 4714236
1o -0.79(0.44) -1.490.16) 0.02(099)

T SRS TRl SAHCE Rt Alofp(.05)

+ 97AY A9 S5 5 LA Aoyt TG
(& 1- 3, X095 Oé‘ié%@}l AT, EAEHNF AR R
sl S7Fe Al ES45EE Ueiiiglen FEREe 3¢ B
How fofsiA Hh ](Valgus) FHE YeriATE 1, K0D).
=3 3 g 2FEA AR £ SR TAE Mol Hlst]
FALE Tl FAHCE folsiA 7 FEEole YR
on, 89 2% $AeE & SAHCE folsHA Had oI5
°|E ‘?H~ LERASITHGE 2, 1X05).

2 drelMe 1583t TAlEte] o & AAEA Fol v
Ae 9E= skt A7 FE712e] SREs A4

Nl

o feldle gov s el ehon S0
o 2BYE BAZOR Rolhl Azl o ehn(E
3, X.05)

T3 FAMAS WUk flsted AxtE dEFAAT AA
ZA 7]187] Abole] Zb(Inclination angle) 7%, FA152 A3

SAHOR fo@ Holg LehlA BUTHE 4, P06
I 2, TR FMSo| ZHt =0| 9 BE1} 2IE0|S B2 unit: cm
Mean Diff
pre -1.63+1.17
Phase 1 post -137+1.26 016
PH ife] -1.14(0.27)
pre -1.89+094
Phase 2 post -163+1,07 046
10 2,350,037
pre 10.13+4.17
Phase 1 post 9.15+3 51 -098
ifo] 2.04(0.06)
o pre 8.768+4.05
Phase 2 post 7.29+4 .48 -149
t 2.290.04
PH: XXjelo| ZHK=0); TLD: 2= 2=H{g|
D BNEE RO Eﬁlx*i It X}0((.06)
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I 3 BNR2S MR 2|78 2 unit: % MVIC
Mean
pre 8571448
Phase 1 post 9524501
ife] -092(0.37)
oM pre 18.01+9.66
Phase 2 post 22 40+10.32
ta -2.09(0.05)
pre 18.64+16.07
Phase 1 post 1581+14 .07
: (0 1.79(0.09)
pre 36.62+28.33
phase 2 post 31,4624 96
t 2.1700.04*
CM: 827|% Gmed: F71=712
F2E Heel SANCE RSt Xjo[p( 05)
I 4 zplEn AHiE 7187] Alo|Q] 2 unit: degs
Mean
pre 1444078
Phase 1 post 1444063
. ife] -0.02(0.98
Inclination angle
pre 1.79+0.69
Phase 2 post 1931064
ifo] -1.46(0.16)
V. =9

oS ma ok= AAl(cross-legged sitting)= 2 Ago] BH
gkl djole] Aol ule- Esh B AEEToR U
°‘°U1(Sm]ders et al, 1995), APATEL 108 od o =
A A5 271259 sold ded gAde
=59 —“ivzol AEe Fe|zgio] wAE 4 Qlvkal B
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aaL IokShin, & Mirka, 2007). o83t Z = Fdore B2
E9| ol <lal] YA Bol Yl A7), D] T
2 5ol BRI S v ZoE AAE A, w1
A&20l Y= Aol A= EddA 1 A 2o ngg3
d Y HHe FEE 4 vk Husa 9kBaiey, Selfe,
& Richards, 2009; Ekegren, Miller, Celebrini, Eng, & Macintyre,
2009; Powers, 2010). webA E ATl AE APATe] ARE 7
Hro g Ty ma $Re A9 AEATRE AEE @o] HAE
F Qe bR AAsIGon, Je|ZARlA ¢ ] ~FE
52 YT v 28|29 SHEV|TY] 4= walel Tzle
2 Qg AlA 229l Hsls SFYEE R Byt

B 743 Fe|zAgllA g AFHES AN o F7)
H B Hd 24t FERE vhgol(valgus) ZE7F
UERSITHEEL K05). @A Agole B2 AAFAA &
ARog fo)3k Zfo)(Phase 1: 8.85% Phase 2: 8.07)F JERHS
3, FEHEL BE RlA 7k dhgol 459 HEE el
Wl om(Phase 1: 78.26%, Phase 2: 77.78), £3] ~FES] W)t
TZI1 Phase 1914 BAIHCE fofd AfolE HERHGIT

o|2]3t Ad= Linked system?! <IAE & Aws)F Uk
Ao &, AFE 2 FHAY g Yehd ¥

Il

T=
o] ZUhe Wgoldme AR JuTAe] 2o dE
S ke Aog AztEejRIh Powers( 2010)= B¢ F-& vk
A4

ol T ZolA doiem o] tisiA B7mrt HelEe
EF3 524 753 P4 (poor dynamic knee stability)
= rH3)(medial collapse)® 71EE oA 52 Hhgo] Zhge
7k QU] B5d) EEH] FH dlolgtal Baska
Aot 1HEE 22 F £ 9 FAL #4S @bk gl 2
ol AXohs GBS Bgo] ofmdt o= AAA Hrhd
F23 dZEo9lE UEE AZFoF o|5A7A Hal AEFO
2 REL Fd¥oE vhgo] FEHE AT Fubd fle 4ol
At olg|3 Agre MPATENME Busty Jud FE5F
S 3hdk= AREL 3 the] ~FEGingle leg squat), 3 2
7|(single leg hopping) 22 F2tolA E3o] gl AlgtEol B3|
FHd 259 <ol #H=shA dojuhm(Willson, & Davis, 2008),
Zl(landing), 2&)71(running), At L7 |(step-down)e} 22
oA o] Sl ARFE Hig)] O B JUTA AEEL
dojuhA dcka B x ¢ltkSouza, & Powers, 2009).
B AT FEx FseA dite] ~FEA Uehd diEd
o] I7HE B AN gEE By 9oke v e we
HE7)e] oksiel A A1 Fo] nial Az oI &, 15
2] ge|ay 92 AAlE FUHEVISE ARAA S okt
tetlar webs FHETI2e FH AR Judde] Hd
o] ofBlEQI7] wiFolgta AAEA I olej3t A= B 4
TollM a3 F5729 FHEV2Y] SSEARNA FSHEHL
J=H|, B AFE g A i ~FEA FEV|EL FAA

o2 folah YR FAFLOIE B B B W
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FTHEINZE BAXCE FofsiAl TaHE ZAAE VERISIH
(3 3, K05

Snijders et al.(2006) HAE LA &
A HE g Be & PR EEY 45s ¥ 1S
v ReZwE Bt 2% ga Basisich olEdk AgdTs
53l SHAE greA 3] teElE ma Y AlE
Z 27} At BeE X A He As g4
A=, Sahrmann(2002) jAtel] eks o) telE FH=dHA

o e duHd HETEY Axd Ao <
IS7F 44 ¢ Q7] sl Fosfof gitka Harstych
Ao IHo] AN F gle ¥ I8 Jdde Hlgshs
t|(Baratta, Solomonow, & Zhou, 1998; Lieber, & Bodine-Fowler,
1993), Fud HEZ FolA 53], FEIES A EY
A oF 60 %E APt RuEoKClark, & Haynor,
1987). o|xH F7HE7|EL 3HAY] T8 P Hstabilizers) 0=
2 284 A7Es 9= 3= €5 3, 2EdxE TS
o AeEdoz oAU golukhs EAo] vk HuHn
(Richardson, Jull, Toppenberg, & Comerford, 1992, Earl, 2005). ©]
Aot PEES T3 HS u) £ AollA 1581 A&H o=
YA} A $d3] gelg na o AAE UElE Be &
JEde A= Bgo® e, JuTHE Hye FE
FETZY AANSE e Zlos AZdn

i ZE7]2e] & SRS FAFCE {9 Aozt YE
VA= SUARKGE 3, p.05), okl mal ¢k o|xd#} vlwsie] o
gl ma 7] ol g t] ~FE & Phase 104 1109 %,
Phase 2014 2438 % S71=le 3= JErth o ma ¢
o] FE7|ZY TBATI} Tk AES Hole 2 158kt
A&E vl ma g AR Qlste] ozl YR HERE
o FERl FHE7|EY] HE8E giAlsly] Y3 JEHd EEE
9 Y ZEVZY eyt BoRle gEE AR
(synergistic dominance)’ W<l A= AJZErh olHd W&
THANRILE w, 1587 SHAE LA 3] gl ma o
T AHe U HE9 5l FE2Y AR sl
e, & bl ~FE B 5ot T2 9Ee giilst
RAgAog FE7|ZY Ho7h STl A% Hole Zlos
ZrEh.
B AFE 7 A AL F8kzo]= Phase 2614 e
wA 7] o]%F 046 cm SHHo] FAHCE o zfolE Ve
WEKEE2, X0D). ofddh A= v aal 32 A= Qs 99
W HYEIT} 7Ag A 70 Ae® W Ireland,
Willson, Ballantyne, & DavisQ003)& A5 3l &5 & A=At
o] ke AL AAske & JuHH HEIY 2 AE E
= A3} e I A Rusigith £ ATiAE e
na 7] oA Hlwsie t il ¢ o|¥ 3 ] AFE
e AR ZHle] SEyk= Zlo] FIH, FudE Y
29 TR FHEEY 457 1409 % Ao HATF
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o} sk AFE SIS = YTk olF WE-S TRk
S o), 1587 A43 g ma gxl— A= JETd W
°f3lE frdete 3 o *?JE b PR WPEIE i

JAol A ERHEA S 250
/\gﬂ-ﬂp}
T3k B o=el Ay} Phase 20014 E50] 9Z0 = o]F3k
ol BAXCE 1697 % FolstA 74H AFAE e
WATHE 2, p05). o83 Ade & A7} dldsiAl 2akad
g Agolty. A7 T B AAe FgZ dgelA okskE
%Uéf&@_ HE2 wiel 3 v ~FE P 75 5 Row
5595 ot S7H Aolgtar sttt ol2igk oo
AL A FEE A4S Ued o Sl EXEAN T A%
ol e, ‘Eddd T A 5 o] ¥ARRY 3} Fesled Gandbhir,
Lam, & Rayi Q02D+ & thjAA] B2t JEad Hyo] ofst
H A2 EA] 2 & Zhlo] olgfE HojA| 1, T A3 ofste] 7
T e S e 5 T B2 S0l Al Basle]
om, Powers(ZOlo)T‘:— ‘EdddlN T J5o RS & JUH
A HETY w AR s uEA AN BEE Eb"’_ B35
7] WEoltt. TEu & AFelM o vE At veRd A
< @A EA wiwolgta AZE I &, E Al Fedt
20-30t 747sk *éd e 151 FAEA | ofste] dHH
I %“71}%711«1 Hee aEo, T3

= 1

1
Lo
o2
E
e

B drAan C0P9‘r CoMol o] F Wl 17} WA ZE3 o]

T BARE BAIRCE FT Afol7t YA bkt (02.05).
B A4 el aal g] o]xs) vlasi the| Al ¢k o
S 3 o] 2FE SR AAGOIA BAACE g Aol7t
E}Urxl B2 o= AFIAEY AAH B o i Ao

E AZED 2 A7 AduidAee H2 e sk 2=
AA v A3 s o Aol fle AR 20-30th A
AEoIth w3l wE ZSFH 2Edae 9 5 gled
(Ikezoe, Mori, Nakamura, & Ichihashi, 2011; Milanovi¢ et al., 2013;
Hayashida, Tanimoto, Takahashi, Kusabiraki, & Tamaki, 2014),
Forrest, Zmuda, & Cauley(2007)] Al oJs}d 754 v A=
md 12 %9 S84 HIES Hol, 754 odHFHE A%
34 %o Tass EOJD}J_ Rasity 53] kAo 25l
23P 750l HaEo| kRlof A BFHUE APk &
22 g3ty RuEy 9=d(kezoe et al, 2011, Nevitt,
Curmﬂngs, & Hudes(199D+= 654 ©17de] =91 & 202 %7t Y

< Agstdon, I F 631 %7t Bk wet ool dAyEth

I RISth Eg o]dF, o]FF], F29Q2003)e] AFelAE
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T ATHS w2 FWWAE oL Harsision, of]l,
24871, o4, o184, AUA (2004 x9S tFoE T 54
ZEAE ol ¢@sHdl rold TV Uehiita Rust
Atk 8kAl 2% oA 5el, SIS FEIEe A7), A
71, 9719k o] ¢l aTEe Feed YA duol Jux
Husy Q=dl(8e), 48, 293, 2020), Al-Hayani(2009)=
AdRle e 7 T *171 Al FZHE7IEo] Y] kAstel] 7]

18
ik
o
rk

st #3S FAShe Foha Barskgl o, Egol, Koval,
Kummer, & Frankel(1998)}& & & A7] &<t BQgh 2] iy
e FHET|Z0] AEH R FEa] #Es fAsket & 9
&5 gty sttt a2y £ dFeie SEI2Y 2
%WJ} HrEes Bela 434 A sYde fofdt
Zpol7F YERA] ettt odd A#rt e olfi= o 3
A7 AT tdAEe] FellRl FETIEE diilste] EEv]E
o8 #PHE skl S8l B ZleE AZEEH),
Palastange, & Soames(2012)= 27|22 sjistz oz Iukal o
Hﬂr’é‘)ﬂ/ﬂ %‘ﬁﬁ}i 3% —71-— ‘i/\lﬂj Lﬁgl e

o fo
m]l‘.

l

ol il
2,

U°K2014)L— t& E}El éﬂ’qéoﬂfﬂ EL;ﬁ/‘c—]O] %7}?5% AlA 9]
@ FAN] el FE7IZS B0l 7M. F itk Ha
STk ofd o= & el 20-30n) At B e
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