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Abstract dition(p<0.05). In all of muscles, the difference of con-

Background: The purpose of this study is to identify
the difference in muscle activity and muscle con-
traction onset time according to a LLD and object
weight When subjects performed a lifting task.
Design: Repeated measure design

Methods: 15 male adults participated in this study.
When subjects performed a lifting task, we measured a
difference of muscle activity and muscle contraction onset
time in the rectus abdominis(RA), the erector spinae(ES),
and the rectus femoris(RF) between both legs using the
surface electromyogram (Telemyo DTS, Noraxon Inc.,
USA). When subjects performed a lifting task, the
weight of the object was set to 0% kg, 10% kg, and
20% kg of the subject's body weight, excluding the
weight of the box.

Results: The difference in muscle activity in the RA, the
ES, and the RF between both legs when lifting an object

was larger in LLD condition than in non-LLD con-
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traction onset time was generally increased as the object's
weight increased. Specially, the difference in muscle con-
traction onset time in the RA, the ES between both legs
was larger in the LLD condition than in the non-LLD
condition(p<0.05).

Conclusion: This study suggests that LLD affects the
muscle activity and muscle contraction onset time during
lifting objects. It can be used as data to prevent joint
damage and muscle due to the LLD during work and

movements of daily living,

Key words: Lifting an object, Leg length discrep-

ancy, Muscle activity, Muscle activation onset time
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I. A4 &

tte]do] x}o](Leg Length Discrepancy, LLD)®F %8| the]Zdo] xfo]7} vz AElE Wal™(All &, 2014),
A |1-2] 40~70%7F HE o] AtelE 7HA AL QU TH(Gurney, 2002). thedo] zpole] Qe = o] o]
zpo] Z yEbb= sl ek Afolg) Qi) 9l #d 5O AR-A] @0 R UEhs 754 o]l E UERAHTHWals
h 5, 2000). % thejdeo] xfo]7F 6mm ©]e] ztol7t Q& wf /4] 2lnE Z7FA M (Holmes &, 1993), lem
ojste] teldo] oo IREe] BT E fdeke(Choi T, 2005), SlElEs, AFAweTH 22
S AAAgke] e QltK(Mahar 5, 1985). F-2Lkete] ¢ 4419 15%7F lem ©]7 #fo]7F vi= A o=
HAEIL QLo (Lee, 2004), AAS] 217-9] 1,000 2] 1 2emEth & *}o]E 7k« 1L QI THGurney, 2002).

thgjdo] ztel7t Sl AP 71 %% thElo| A 5 w3 ¥ U] wile] yEh Juabd ZEo)
7kttt g & thgela e e 533 g e] 1Y) gela Y3 Mo etk (Sabharwal 7 Kumar,
2008; Walsh -5, 2000). ©]2{gh Bt 21 the] 2] Swl o] g2 tel] £ 59 wdu 2 2SS
RHE3L(Young -5, 2010), 4/38E & A7) 52 Al 2
(Gurney 5, 2001). 53] AAFAGNA HF FHOE 55 P& T
HHE 2h]-S i o thejdo] xpol7t 9l AFEE thejdo] xfol7t ¢l
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S Z7MAZItHChow 5, 2005; Kamarudin 5, 2014).
A w5 AA HEE fHE] Y8l wiEe, HFEARZo] taEAoR AME

F71 f1al doke 2ol F23d Bl FthKim 5, 2005). Jin?t Han(2022) =
zto] Aol whet AA AL, FFF AMAAREEY GRS dotRy] Aal HFAe, vl
OO ZEFF AMAIAZEY] ApolE dop Atel|A thE|do] o7t ST E L8 et
AMAIAIZEO] 2 2t/ do] Lrek 4 teldo] Aol FEA TS} S5 AAAIT
X ZEAET ALTH e} A Al = 3 (Lee, 2017), HIIA A 245 /A2 7H
H3lE vhE1 #d FH 9 Y-S AstetAl SthKim &, 2012).

thejdo] zpolo &gk 4 39 EvEe HHo 948 5 A ¥ 259
H 4 2% sk = QltKSecley %, 2010). 1% 3] 2] E50] thE 2 o] H(Ant
wi-Afari %, 2017; Lee, 2020), Defrin 5(2005)<> th2]Zdo] x}o|7} Sl &8 $5 EAbollA Al 2745 o] 8-
wgE AAE W dE] TFo] HaEe SR avE vepdoty Basigith thgjdo] xjolw
71218 v A glo) kg2 F 5o My} RS 29 4 9l o H(Kingma &, 1998), Wt 4 the]
AR EHEBAAEAY W ES Eolil E/MUE S5 F 5 (PatelloFemoral Pain  Syndrome; PFPS)¥}
Tl ® 313k tH(Carlson¥} Wilkerson, 2007; Golightly 5, 2007).

HAAZMA] AYATEL thgjdo] zolo] wE &5 ZEYEY AMNEAE S ¥ wdhs ATE]
olFojglon, B 7] Al thEldo] zpold e A 2R AfolE BAAY Z5F AR AkelE
dolr = ATE vFeh Aot wEkA 2 AT = B 7185 IS o teldo] Aol 59k 51

oA WE BET Tl o FRYES 2RE AN olE mwsh] S8 B AT AR,
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223slo] QA o® 2em AL Ao]7F VR
A THHan, 2018). WAt A4l 83 Ad5HAE 71x1 =k
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=
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=1 571 A ggldo] zto] {7k B TNl e AU, M, AR, dre el
SR} ZE JIAARES S5 fleke] THIHE FAA] A B (Myosystem TM DTS, Noraxon Inc., USA,
2010)= AREetalth W A2 &4 % AHESI T S HolE WEsh & A5E dFER
qu%;?-a_ %Ljy_ :./g% tﬂ—fﬂ:oﬂ 3 ‘H—g—,].

[e]

=
- 4 zZhetity. S AlSe] #E FEE(sampling rate)> 1,024Hz=E
2

skl om, o5 I(band-pass) LE|= 20-450HzE AHE-8F L, 60Hz =X|(noch) BEIE A3 o|=E
AAsIGAS. 89 2 258 FHE Ane 1o Jgst ARE d7] fdl d3S Awd & AEsko]
AFs A PHS o] gt A aH A (Root Mean Square; RMS) 0 2 7 %3}6}91 31, Myoresearch master
XP 1.07 X213 (Noraxon Inc., AZ, USA)S ARE3ste] A& A 2]3Fith

Fi2¥ ool Aol el w7 Al whE 258 2L Aol v Aol #e &, 1 £ 5%
LEYEE St SE 2B AolE ARE FASIITE 28] SR A E BEskelr] 8 S
3k AH A7) AAE 7IEsY] ol BEdlEHE % RVC WHES ARESSIItHLIm B, 2020). S5
MMM tedol7t 3 %, 11 & 275 NANIES S48k % 259 255 JIAAIRE Afol& AR R
TR, ol & fldEl HITH A4S AFSS 255 ZIAIAIZE A7 (computer-based onset determination) S
ol gttt wA el Al & 100ms 7]7ke] Fatgkel vidh ®EHAK(standard deviation; SD)E TSk F3f
AR AT R Aok 3uje] RFAAEBSD)E 2H3Hs A5} 25ms o) A& o7 Zifels A HE IFF
MAIAZEO 2 7 2] thKaikkonen 5, 1994).
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), upA|u 2pA = F el e} FES ¢ | ETE HES 5}93\‘3}(B1ache =, 2015; Lee 5, 2011)(Figure 1). =71
=71 Al 19 A= A FAIE Algleka o AF 5 A1E] 0% kg, 10% kg, 20% kg 27 FTHKI, 2006;
Kim, 2015). thd#ke] 34 U115 g8l A A oF 10178 AEHAS WA, WA theldo] xto]7) gl
00 thdAF FFAL] 0% keiE 10% kg, 20% kg A U= B3-S S4 silvh 1o theldo] bl 7t

A= Zﬂow A BEAL] 0% kgi-El 10% kg, 20% kg AR E1E A4 SQlth B3 FAOl wet
BE 548 33 Arlste] Hatgks ARERRla, Ak IE HAE fE A 1 179 FAMRES
ﬂl%ﬂ%‘itmung 5, 2009). TAE AT 24 7] T2 Al T TS} ZF NANRES dotr ] 913 k%
IFAY L, FE wjE S, S HAe, 191 4E drigEe2el 22 ThKI, 2006).

Figure 1. Steps of object lifting (A: Non-Leg Length Discrepancy, B: Leg 7Length Discrepancy)

4. X2 EM
=1 571 A 28 oEldo] Aol el 51 Al whE FE 25 SEAE Aols dotry] Sl
WA ZF @Qlo] Sl HHES A4S (Two-way repeated ANOVA)= AFE-3F91 0., o] QIH| X424 (Two-way
ANOVA)E A3t &7 57] Al 2 FAllA fEd veldo] ato] fi-sh 5% Fiell e 4% 259
S5 JNAAIZE ZpolE Lolrgkth FAIZE 132 SPSS Version 26(IBM SPSS Inc., USA)S AME-3}%] 0.
A FrFE(@) 0.05%2 33T

:[o

m. 2 3

1. AL AMRES| 2ldt

AT A= 15
0] TH(Table 1).

EX|
=

A~
= o
ge

OF H AT 27.682.23H, Ht A2 173.8+4.5cm, F AT 72.2+6.4kg
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Table 1. General characteristics of subjects

Variables Subjects(male=15)
Age(years) 27.6+2.23
Height(cm) 173.8+4.5
Weight(kg) 72.2+6.4

Mean+SD

=4 571 Al tgldo
ZtH(Table 2). 271 57
“glo] ~7} }

o =2 40 do

M = ko2 o -

2

a5
5)(Table 2, Figure 2). L3t 571 57|15 $34E o thg] 24_01 2ol f-¢F =31
upe} G 259 —ZL%“JE zpol= Az AHgo] UERE O H(p<.05) 27 FA7F S71E4= vl do] Ajoly
B 250 SR Aol7b ¥ Wol FUkshs A dFo] YERHTHTable 2, Figure 2).

- dn o X Ho &

Table 2. Comparison of difference of muscle activity while lifting an object depending on LLD and the weight of the
object

eight of object

0%kg 10%kg 20%kg F p
Muscle Condition
Non-LLD 87.544+66.03* 146.17+74.35 201.32+83.67
BB 50.17 0.00*
LLD 164.63+89.82 263.18+141.86 364.05+147.02
Non-LLD 2.21£1.36 5.17+2.37 12.3746.93
RA 36.33 0.00*
LLD 12.19+6.46 25.74+10.25 44.45431.36
Non-LLD 1.13£1.11 4.81£2.90 13.09+5.28
ES 77.85 0.00*
LLD 12.16+7.94 32.69+14.82 55.01+17.34
Non-LLD 1.65+1.15 4.97+£2.47 9.69+3.55
RF 64.39 0.00*
LLD 12.19+6.10 23.15+8.20 33.17+8.20

*MtSD, *p<.05, LLD: Leg length discrepancy, BB: Biceps brachii, RA: Rectus abdominis, ES: Erector spinae, RF: Rectus
femoris, Unit; %RVC,
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Figure 2. Difference of muscle activity between short and long leg side while lifting depending on LLD and weight of objects. *
Significantly difference between Non-LLD and LLD. (LLD: leg length discrepancy, BB: Biceps brachii, RA: Rectus abdominis, ES:
Erector spine, RF: Rectus femoris)

3. =22 7| Al Ti2[Z0]| Afo] RFt =4 FAH o WE &E Z2F2| 2= JHAIAIZ

1 571 A 7 EY FACA telde] Aol {5l whE o 80 255 MAIAIRE Ao
A= o5 ZoR(Table 3). 25 FA12 54 704 254
the]do] zpo] fitel wel Zpol7f ZA] Fgkont HIAlRE ) drbe RS theldo
tig]de] ztol7} glis AR 255 MAIARE Aol7F AAl Frrskl e, FAVE FAETE
SFE NAAZE Aol BE oA Srehs AEo] YERLTH

Tt thEldo] zfo] gt 7 F-oH Lol e 24F VARl BE B FAlA B E7] Al
7F T A-g-o] YEFSTHp<.05)(Figure 3). 12|13 thgjdo] xfol7} ol -9 AFAe dobg 2] 255
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Table 3. Comparison of difference of muscle contraction onset time between non-LLD and LLD in each weight of objects
while lifting an object

Weight 0%kg 10%kg 20%kg
Non-LLD LLD Non-LLD LLD Non-LLD LLD
Muscle
BB 0.02+0.01* 0.02+0.01 0.05+0.03 0.04+0.03 0.11+0.07 0.12+0.05
RA 0.02+0.01 0.04+0.03 0.07+0.04 0.11+0.09 0.17+0.11 0.21+0.20
ES 0.03+0.02 0.1120.05 0.05+0.04 0.24+0.14 0.15+0.12 0.33+0.13
RF 0.02+0.01 0.19+0.17 0.03+0.01 0.20+0.17 0.07+0.05 0.25+0.18
F 20.91 31.80 19.22
p 0.00%* 0.00* 0.00%*

"M=£SD, *p<.05, LLD: Leg length discrepancy, BB: Biceps brachii, RA: Rectus abdominis, ES: Erector spinae, RF: Rectus

femoris, Unit; sec
[
[
L .
I
I

0%kg weight 10%kg weight

Non-LLD
m|LD

1] II

88

Difference of onset time in each muscle(sec)
Difference of onset time in each muscle(sec)
Difference of onset time in each muslce(sec)

8
2
8

20%kg weight

Figure 3. Difference of muscle contraction onset time between short and long leg side while lifting in each object’s weight. * Signit
icantly difference between Non-LLD and LLD. (LLD: leg length discrepancy, BB: Biceps brachii, RA: Rectus abdominis, ES: Erect

or spine, RF: Rectus femoris)
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DTeas 2 A AN 2HEY 9H D% TRAE Aol g} 255 AL Aol F dokrig

AT AeMe B 57 3 3T Al A 5541 Okg, 10kg, 20kg O E71 F-AI7F F7kgke]l
e} ohE]de] zpo] feh dAIGle] ATFAY L, wlEe, AR, e d%e S8 E
zto] 7} F7Vsks AeE Holth thE]do] Aol el mEkAls thgjdo] Aol7) Sl g T AYU S,
W2, A AR, Yo 2 S0 2FE o)) thE| o] Aol7) 9l Aol visl

& ZolE B Kim 52013y tigldo]l ozt 2em mWEQl TIFHTE 2em ©]del  T1FClA
dobg e g e 285N ddFos 9 @2 ®sr lva stk E ooE
AgAelrs teldo] a7t & wf HF:AS2 gkl 28wl o & AolE Kol
dobgulgd g 2o 29257 etk 23 tGurney, 2002; Vink¥} Huson, 1987). 912 F4#<L 54 57)

A B A FARSE 3R BTRNT 2B} AT FE SBYE Aol O S

O

H2 BoltKSeo 5, 1999). T3k 31#| 9] vithA Al AN B4 575 3 A| A A<l 2o H T}t
AFFAYE 2FAEE 207 B A YERGTHKIm, 2010). ©]9F vEIA R w22 E B 7] A
A7F F7VeE ok vt ZFAET) AR g 2FAE Ajo|r) FrlekeE

ut

%
5 uigte] molA& dl, 5F U 24 718 73T Al HF
<58 H @A3ksh7] dlEe]thKim, 2009). o] thE]de] 2o 7}

& S7F= h=ull(Gurney, 2002), =71 FAZE S7HEFE O
btk A7 B Ao geldo] o7t fEE -9-ollA
A, W, dobel 22, HFAR Y SEHE Zol7F FosHAl ¥ SR RS Ko, o]
g tgdo] xpolrt #o] HFAEE wE1 2AYs FRE W olE EAbSH] 98 459 14E ™

FHE Aol7t § AR Ao AZtEr,

Moo oA Y
rt
o

oN do do it ¥ & O o o0 td

WA

7F BEAFAA thg]do] zpo] feh &l mE 282 55 ANAIARE Aol R A 2o) 7}
RO vl FSE, H AR Jrhg 222 tEldo] A7t Sl AR} tejdo] Ao|7) Sl g
S7Feks Ao Yebstth 53], ARy dobgl 2222 ol o 2 ztelE Bt ol e &
MAIAZEE] Apoli= =g vhefZo] zfolef whel o] U= 2 vt o2 18] xfo|7} bt Zlow Azto]
Hm, Kim 5(2012)> 2575 JIAIAIRE vldido] @3 E5ox] B2 38 whEal Y HgAES

oty SpQley. & AgrellA HFAEL gl 22457 20 FASE el wet
S5 UehlaL 255 JIAIARE Afol7t B e ) vt vla e wet o @ AjolE
A B HAFAMEE, GriE 2, Soteldso] ¥ wol 431,
IS Ao 2A-8817| ulito]ti(Gauchard -5, 2002; Rajalaxmi ‘5, 2020).
T e 2ol Al S thelel] Alds 2Hgeto] [Fsigl7] wiel A thedo]
zko)7F vhs o dAgekA] & A A odAE P ERE dete] Ads ysT] wiEel
29| AFrol M= AR tejdo] Afol7t = tidAE ek,
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