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Abstract activity in the lifting period(p<0.05), while the glu-
teus maximus showed no significant differ—
ence(p>0.05), In addition, the left gluteus maximus
showed the highest activity during the lifting peri-

Background: This study aimed to analyze the mus-
cle activity of physical therapists during different
phases of patient transfers from a wheelchair to a

bed and to identify which phase imposes the great- 0d(p<0.05).
Conclusion: The results of this study showed that

the lifting period was the most dangerous because

est physical load.

Design: Repeated measures design

Methods: 14 subjects paricipated in this study, and
the duration of the simulated patient transfer was
divided into three periods (lifting, holding-rotation, Key words: muscle activity, Patient transfer,

and lowering). We compared the muscle activity Physical therapist

it involved greater muscle activity.

during each period, and compared the left and
right sides of each muscle. An electromyography
analyzer was used to measure muscle activity for
the erector spinae, gluteus maximus, and medial
hamstrings. Repeated measures analysis of variance
was used to determine differences the muscle activ—
ity depending on the patient transfer periods.
Statistics were performed using SPSS 29.0 (IBM SPSS
Inc. USA), and the significance level(@) was set at
0.05.

Results: The muscle activity of the erector spinae o

was the highest during the lifting period(p<0.05), gzﬁ OISR 187, 12 ES2EME

the medial hamstring showed the highest muscle 7: FEEEEEEE £ cdp2236@naver.com

WA

© 2026 by the Korean Physical Therapy Science Received 2025-06-17 / Revised 2025-07-15 / Accepted 2025-08-17


https://crossmark.crossref.org/dialog/?doi=10.26862/jkpts.2026.03.33.1.34&domain=https://jkpts.co.kr/&uri_scheme=http:&cm_version=v1.5

1= SH0ILE

tHZ 0ls 35
&

(=]

HAE SCIXIS At

Mt 200 AL
AE A8 S0 =L

=

41 OF Off Ad

X

=

e

i CHAIS 2

3

S
[watd

N &

Ho2 ZF0ILE X2 DIl £401 =REN =2 =, 0K, &,
2012).

=
S,

(=

(work-related musculoskeletal disorders)

F

—

=
JIs& HOHOICHOI=S

SC2Z 2ot 2=HHHISD 2+

HLFOICH

—

X 0ls Al #2400l [HE S2XZBAL sS1 Oel 28485 dlu:

e S, 2004; 2HHIMD |SAE, 2025).

oo

SHUAS &

82
212

c
[y

a

(]
=

L

P
=
[¢]

E=0ILt ol2l0lA LIEHLE
_O,__

=
S

o
[

2 &8 S0lA o&icl 501 Jt

[=]3
(B

1
110
0
RO

T
1o
Gl
N

Ok
3D

2008).

=
=)

b

=

=0l 2
tXF Ol

—

Off CH

2016).

|.

£0| 2.481LF =ACHCampo

A
(=]

s
—
=
-/

=

>,
AH
S

=

jo| gt

| 2&0lLt

3

=l
QCHMilhem
Jél

b SCIXIZAE

[y

b 2SHHAIS

4
[l

cc
29s

a

t

[

2005).

=
S,

AHECH olcl2t

=

2000; Glover
X

=
S,

(Cromie

2 el

=
=

Il

0l JI¥ =2 2401 D] ol E6tCHMarras

1

o)
JJ
&l

|
110

X
i)

ol melg =4

=
=

2002). OI=0IA

=

=Y
==
=

OISAIZIEZ 2= CHA

=2

=

IN;

=

1999). =22 SCUXIZAL

2009).

=
=)

EIEHCHAKebI
A OIS SE0 Al

Ak
(=]

00

=)
il
o

.

<

ol

dS= 3.348H, 70kg &I BRE= 4.68H1=

C2= =20 &AM 5i2l2

=

b

—

3

A2

=

1A

NG

3
=

5|, 2009),
=S oFHCHWaters
HAHZ 0lsAlZl= &AM Gl 2erE0] 5500N=2 S AICH

+EOZ 2ALAD(0/2!

o)
b0
oF

ok

|

=}

2008). ol Marras

=
S,

1993; Katsuhira

=
S,

=

=

CHOIL A

b
(=]

N

b

=

o

[—

(1999)

o 2oLt 201

Uiy

& 2HOt =

HOI A=

o=z s o

|.

At 928%= O

scxz

=

12l Al

b otE = L

c=J| 2t

=

i

, LicA
L

’

o
1

=
2 SSE [ A

| &=
=

=
oLO
Ir—

ol

ozedl, |

=
=

N
=01l

3t

A

ARZotD UCKSatoshi, 2020; D2, 2025).

o2 2= CHA

i Cl

0

=)|1Z22 st=sc)| 22H0IA O =U
AtO

=
[=)

X2t
12 |

ISAIE HACZ B A0IA Siclieot

3

sy

N

S

OlA ScIXIZ ALt
S
=c

o] Z2EET0IA X0l

ol LIEHST 3
242

Ol JHS S LHEHLH Ols=22Holl HE

I

[
0l olclef <

'.

=

=

5t o1

[

2012). 5l2l S&8 S4%k=

=
S,

Xt Ols =20l

ol= £2X eIt HE20I101 201 A0l CH
JIZES 5iel S&0l

OtCt. 12122 Z=UAHS &2

2009; Yang




2026. 03. 31

S

36 4

t=cel XISl Al Vol.33, No.1,

b

b

ol

2AIPIH, dlcl

2001).
elor,

=
S,

CHBae

il
K]

o

| Al F2t22 L0

A2 S8, ‘Ued=olre

‘o
TT

=2
=2

MetA =

OHIA LHEH =

~
3!

Al

)
i0J

Bl
10

&)

At
(=}

L CH
A= B A0 e 2= DI

—

RO

]SS MEotH SHIIE2 B==S

1T

Ct A7 THARIS| == G—power

AA
OOl AL
T =

0.35,

=
[

==

i

=
==

ot & 1432 Xt

sy

tRACHLant Lian, 2009). Atz =& LEOUAM 3Z2 SRt

[
IS EACH

O
il

&

10il 215

ekl

KUstue dE&c?

)

CHKSU-21-12-006).

|9+ 18.5~29.9 OlLHe! Xt=2

X

A
_|_

fFXI2=(body mass index, BMI)

20A Xz

2 9=

| E=0O
oo —

e

2t

gCicl2 & olclet

At =2 604 OILH gltel, S

= A s M2l £

£ olLk

0]
Y

03
IS)
160
R0

o
ol

=
R

Bl

S £ =012 XI= IHEZ 0ISAIPI= S A= AR &l

H

0l
0
<

i

<
=4
KK

t 11.5kg, 04Kt 55.7kg

<
=4
KK

I=(EX 73.9kg H

s

=X} 5.5cm, 04X 160.8cm EZ=HAF 4.9cm)et &

9.8kg)oll

"
o

|
=

, LIOI 28All, 31 159cm, MES 57kg2l 248t ¢4

otAl

o2 =6t OlssH S0l Cielol MS= AKX

Al
=

= AlFoD| & g7 HakiS=2

Al

g, 2013),

(Kang

I XA

=

, Lied

=zl
=20

al
=<

X0l =01 X2 HEZ OlsAPlE s8¢ S0=2D|, KA

0f 22% 455 9

Ul
u
=
__3._

i

=X
=<

=1

ot 1

= 0llgl AlZt OFR2l AlteZ F

2%

b

o
=

HEZ=2

=
[

OX=RCH A

0
0l
~




Xt Ols Al F2H0ll [HE 2elXZAe S8 Ul 28485 dlw: MM Stz 0ls 37

Of 22 SRS L] AIRIGHD 620 MRS I0IAUCL BT HARKS S Al Al 1%
FZ} JHE 455 2 35cm ZOIR! HAl XM 0IS5HES KIAIGHACHESE,

S 2 2CHFigure 1).

Figure 1. Patient transfer movement division (A: Lifting B: Holding and rotating C: Lowering)
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Table 1. General characteristics of subjects

Variables Subjects(r=14)
Agelyear) 28.9943.299
Height(cm) 173.17+£6.22
Weight(kg) 74.86+11.65

BMI 24.45+3.13

Sex Male: 12 / Female: 2

*Mean+SD
BMI : Body mass index

PLEE HFN=22 2ade S0E2P] #2101 O =/(), Us2 U=l 7A & =8 =ARCH Al
T2H0IA RIEH XH0IDF UUCH<D.05). |IZ HFAMS2Q 2edT= S0SaD| 72101 I =/, TS Ued=
Jl, A 2 S8 =AUSH [ X0 UAACH<.05). JE HFNS2 2EHEE HSE Hlws 20, S0
2Dl |AI ¥ S WHSI 120 O &/ [ X0IDF UUCH<0.05). E£5t KX L SHS Wed=I| 722kt

2 01 THA QEB-2% HEHS2O| 2BHT HID 2, SOIS2IT2D UE)| T2As 222 H
S 2HO0(p<0.05), R L SHUNE= RIS K01 SIACH0.05)(Table 2).

Table 2. Comparison of muscle activity of erector spinae during transfer (Mean+S3D)

Period Lifting Holding/rotating Lowering F D
Right 64.35+8.66 41.05+8.32* 5242+ 11.50x 25.07 <0.001
Erector *t
spinae Left 52.22+8.56F 34.48+13.21 43.47+8.97# 27.65 <0.001
(9avVIC) T 3.732 1.574 2.310
0 <0.001 0.064 0.029

* p<0.05 significant difference between lifting and holding/rotating(right)

* p<0.05 significant difference between holding/rotating and lowering(right)
T p<0.05 significant difference between lifting and lowering(right)

T p<0.05 significant difference between right and left(lifting)

# 0<0.05 significant difference between right and left(lowering)
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REZX 22129 24T = Ml F2HIM 228 XH0IE 201X AUCHE>0.05). &1F 2 271229 28485
PN

sSHscP| #2101 I =%, s RA & =8, W)l =AU Al 22H0IA SHELZ =28t X101D
o

—_

2 0ls 720N QEZ-R]E 227|122 284S bl 21, =722t RA Y SHilMdE 2 2212 2885
= SHECZ Kolst X0 AASM(0>0.05), LA=D| F2HHA=E 2LEZE 227|201 Kook =2 2EHTE
PHCHp<0.05)(Table 3).

Table 3. Comparison of muscle activity of gluteus maximus during transfer (Mean+SD)
Period Lifting Holding/rotating Lowering F 0
Right 24.04+18.07 25.80+14.35 22.00+£10.87 .632 .540
+
Gluteus Left 22 39+10.34 18.72412.03% IIBESEI o) 5 <0.001
maximus T3
(9aMVIC) T 0.370 1.416 3.716
1Y 0.714 0.169 <0.001
* p<0.05 significant difference between lifting and holding/rotating
*x* p<0.05 significant difference between holding/rotating and lowering
T p<0.05 significant difference between lifting and lowering
T p<0.05 significant difference between right and left(lowering)
3) o % FHYr2|2 284 Hluw
LEZE orF FHEle|Z2e 288E= S0 =22D] R210] JHE =1, TS W=D, fAI & =8 =AU
F2I8t X01DF UACHe<.05). LEZF oHF FYQli2|22 2EHTE ISE "lwst 21, 02202 =D +
22 |X & =8 22t R2I8H XI01IF ARASH(0<0.05), EHS2ID12F A=) 2212 |Kolst XH0I1E 20IX| LR

X
CHp>0.05). % oM FYCiel2o 2a8Ses S0SelD| 72101 It =%, OS2 |l 2 S8, Wd=)| &AM

A0 Ml F2H0lIA RIS 2HHTE FLCH<0.05)
QE=-2% FUCl29 2BHE HID 21, ST R L SFTAUN KA X0l 20X LU0
(0>0.05), Li2iEdl P20lIME REZ0I RAGHH =2 2HLTS ZLCHp<D.05)Table 4)
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Table 4. Comparison of muscle activity of medial hamstring during transfer (Mean+3D)

Period Lifting Holding/rotating Lowering F D
+
Right 50.75+18.29 35.00£13.01* 47'35_*15'02* 17.64 <0.001
Medial
+
hamstring Left 43.80+11.89 30.51+10.76F 21 '27;;'1 4 37.70 <0.001
(AMVIC) T 1.193 0.996 5.551
0 0.245 0.329 <0.001

* p<0.05 significant difference between lifting and holding/rotating(right)

* p<0.05 significant difference between holding/rotating and lowering(right)
T p<0.05 significant difference between lifting and holding/rotating(left)

T p<0.05 significant difference between holding/rotating and lowering(left)
# p<0.05 significant difference between lifting and lowering(left)

$ p<0.05 significant difference between right and left(lowering)
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= | 22 22IXISAELH 32|t st

=ZolHU Z [ slelel sAY=2
AZECHLeinonen S, 2000;
g, =Dl Nl #2422 P26t

DMOAHS 2ol LM S50| 2.401LE =JUCHCampo &, 2008). £&F 3ielE
HFMS201 =2 AIBEHLD, =Eel sHge 227120 Fg8tel2=s0| =2
Kendall S, 2005). [etA 2 &

o HFMS2,

J
rr
0
10
rig
>
=)
O
O
1
]
i
=
o
uf
J
0
P
Ho
i

FEticl2ss 24 SEoii 2 S& 1248 =2 8kt 0OlssH 12t

iy
i}
S

=2, o = =g & 2 & SN

ol & XOIE LOtEIA SHRUCH

Olss% 2H0l e a4 2420, AFANS2C 2E2dhbes QX 2E 25 S0=2D|, Udd=2l, |Al
U AN =AFD LEZE MFNIS22 2= F2H0IA X0 BHXICH 21 H=HS22 A & S Ued=D| 22t
HIAEH XI01DF BIRALCH LEZ-21F MFHMS2E HIWoIRE [, SVISHU WHA=)| SN LEZE HFNS20I
=2 2EHTE 20/ K28k XI01Jt ARULCE 0lefst Btz EE LEECZ 3|HMoIHA 0IssH= | M2
E 2oLt QEXE ZSJIZ2 0Iss& #2418 X0t SULH, =& 28)|122 2= #2H0IA X010 AU
sSH2cDI, |AI 2 S8, =) =A2 =2 2E4EE S0l LEX 220122 UWa=)D| F2HlM % 28
JIZ201 glol 2 245 2RALEL Ol= Al OISsSHUMN LEES S22 3|M0tH MS0I1=01 2245 AEH0IA
Lid=s S&2 o] 222 BoICL QX ot F g2l 0i2210I12 Uei=d] 22H0IACH XH0I&E0| it
1, =M= S022l2l, W=D, X & S0IRUCE 02l 215 o FEtiel22 2 22H0A X01E2 &elst
UL, 2EET=E S0=s2D], RA 2 SE, Ua=s)| =MALL LEX o gdliel22 Weis)| 2HllM 2% o
EIC2/201 Hioh 2 2452 SRUCL 0 £8t A2l OISsSHUIM LEEZS F2= 2|M6HH MS01S0| 2t Al
HIA tdses SAS ol 222 22IC0H SJ| MM 2T 242 HFNS2Y S8 282 288es
=0z &2 BRICHZARS, 2009; Natarajan S, 2008). HIOIZS 0|26 &kt 0OI1SSEE 248 24E(2012)
o Al AL HFANS2, 22012, oE Fgliel2ss 284E= SUHsaD| #2101 |RA & S8 We=D|




iz ols 41

JI0IA &

X

g

X 0ls Al #2400l [HE S2XZBAL sS1 Oel 28485 dlu:

so=scl 2

A201 A

KT

=
i

H%D

ol

ju }
[a—

P

20

2, O 2

=]

AEot

oF

(concentric contraction)

il
or

= HE

=)

(eccentric contraction)

%0
i
<+

ol

rJ
J
-

A

HAK 220
2501 1f

o
2&4:

g, 1990). Ol

ol CHT esch

LIEHHCHD

i

L

k=
=

0L
Kr

)

20

Ol2ty) SHACHZ

[
[

Xt
Y

o+ Hied=s, 2004).

Ol
to

oF &Kl

ot| (M

(<!
=]

10| CH2o

3

SEfet =01 &2 X8

e={ui sl

M, &H Sa0A=

=
=

ZOICk
KHMIE 2101 CH=Ch= FOICH AR,

=
[

HOF UCH

gt

Xt 0l

=
[

otAD| [

S
=]

===y N
SST

o)

SCIXISAHOCH

o
ulo

ot
=

ZOICt Xt

ioJ

=

0l

Ak
(=]

o
ol

OF

iy
oll

= olelet Ciele

H
0
o
nJ

1]

A

b

Al 0t

o
K0
KIr

=& =Zotul 0lssH 210l [HE X0

Stk
=

T2H0il [HE 2

= soscdl w2t

H

Ol Jt

=

20l OtLlet,

uy

ol
0

B
H

S ) E RPN ===

9

XIS A

At OISSA0ILE 2l

StCh.

US 22 JIth

10

HIAIE == AS AO0I0, 2SHHCHA

ibJ
Ijd

KO

. BakbonZt

0
E

X, 2025;32(3):43-54.

S0l 0IXl=

N
=2 o

0| M2t 2|2 2

=

SOl MRy Al =24

& 2006.

)

ol

X, 2004:14(2):144-154.

o
0D
fal

K
S

70

K0
Ulo

2004;2(1):25-33.




42 et=clXIZ2Het2l Xl Vol.33, No.1, 2026. 03. 31

21

o
fol

L g= 2SI A0l TE oclF8 2]2 24T 2250 tet 28 24, s=dEScX=st=2lX,

2009:16(3):16-23.

2AH, ot =4 22Xe o
2010:11(8):2906—2916.

SMIEL, REE. SClXIZAL ARAE A, ZAESY, X252 0! 0IAE0 0IXl= et tetEelXI=stalXl,
2025:32(3):65-79.

%8, 0158, A2E S. SUNETAC R 232 SZW N2 ASYA FRHSSCXSET,

2010:17(1):53-61.

01215]. ZcCIXISAtS Xt 28 Al &Y ot =40 NIOSH SJI 34 A& At tet=EclXI=sial k],
2009:21(3):119-124.

OlEa, zI8E, 28, SCXSAe] A2 223 SSU FEAHY 7ol &It 4ol MBH &4 XIS
SHCR. SINE2LIXIZEEIKI, 2012;19(2):69-79.

ZZ. HIHE SJ1 HYol 3XHA Al2dl0old. AMAFSEISIX], 2002;4(2):11-22.

B
4>
|
Mo
ot
ﬁ
11
>.

el 2 X0l =& Al B4, I &= THE Q| HIOIX HE0| olel-=E-AY2E e 2s8asE) 2

SSC0l DXl Se[AAER=E] QIMEw sk, 2012

Akebi, T, Inoue, M, Harada N. Effects of educational intervention on joint angles of the trunk and lower
extremity and on muscle activities during patient-handling tasks. Environmental health and pre—
ventive medicine, 2009;14(2):118-127.

Alnasera, MZ, Aljadib SH. Physical therapists with work—related musculoskeletal disorders in the State
of Kuwait: A comparison across countries and health care professions. Work,
2019:63(2):261-268.

Bae JH, Na K, Yu JY et al. Atrophy of multifidus muscle on low back pain patients. Journal of the
Korean Academy of Rehabilitation Medicine, 2001;25(4):684-691.

Bork BE, Cook TM, Rosecrance JC, et al. Work-related musculoskeletal disorders among physical
therapists. Physical Therapy, 1996;76(8):827-835.

Campo M, Weiser S, Koenig KL, et al. Work—related musculoskeletal disorders in physical therapists:
A prospective cohort sudy with 1-year follow-up. Physical Therapy, 2008;88(5):608-619.

Cram R, Kasman GS. Introduction to surface electromyography. USA. Jones & Bartlett Publishers. 1998.

Cromie JE, Robertson VJ, Best MO. Work-related musculoskeletal disorders in physical therapists: prev-
alence, severity, risks, and responses. Physical Therapy, 2000;80(4): 336-351.

Farfan HF. Biomechanics of the lumbar spine. In managing low back pain. 2nd ed. USA. Churchill
Livingstone. 1988.

Glover W, McGregor A, Sullivan C, et al. Work—related musculoskeletal disorders affecting members of
the Chartered Society of Physiotherapy. Physiotherapy, 2005;91(3):138-147.

Kang MH, Choi SH, Oh JS. Postural taping applied to the low back influences kinematics and EMG ac-—
tivity during patient transfer in physical therapists with chronic low back pain. Journal of
Electromyography and Kinesiology, 2013;23(4):787-793.

Katsuhira J, Sasaki H, Asahara S, et al. Comparison of low back joint moment using a dynamic 3D bio-




A 0ls Al #2240l [HE S2XZAL s Cel 2845 dHlw: EMAH0AM EZ 0ls 43

mechanical model in different transferring tasks wearing low back belt. Gait & Posture
2008;28(2):258-264.

Kendall FP, McCreary E G, Provance PG, et al. Muscle esting and Function. 4th ed. USA. Lippincott
Williams & Wilkins. 2005.

Leinonen V, Kankaanplti M, Airaksinen O, et al. Back and hip extensor activities during trunk flex—
ion/extension: effects of low back pain and rehabilitation. Archives of physical medicine and re-
habilitation, 2000;81(1):32-37.

LAN Li, LIAN Zhiwei. Application of statistical power analysis-How to determine the right sample size
in human health, comfort and productivity research. Building and Environment,
2010;45(5):1202-1213.

Marras W S, Davis KG, Kirking BC, et al. A comprehensive analysis of low-back disorder risk and spinal
loading during the transferring and repositioning of patients using different techniques.
Ergonomics, 1999;42(7):904-926.

Milhem M, Kalichman L, Ezra D, et al. Work—related musculoskeletal disorders among physical thera-
pists: a comprehensive narrative review. International Journal of Occupational Medicine and
Environmental Health, 2016;29(5):735-747.

Musaed ZA, Sameera HA. Physical therapists with work-related musculoskeletal disorders in the State
of Kuwait: A comparison across countries and health care professions. Work,
2019;63(2):261-268.

Natarajan RN, Lavender SA, An HA, et al. Biomechanical response of a lumbar intervertebral disc to
manual lifting activities: a poroelastic finite element model study. Spine, 2008;33(18):1958-1965.

Satoshi O, Tomoya |, Masanori Y, et al. Abdominal draw-in maneuver changes neuromuscular re—
sponses to sudden release from trunk loading in patients with non-specific chronic low back
pain. Journal of Orthopaedic Science, 2020;25(5):781-786.

Tesch PA, Dudley GA, Duvoisin MR, et al. Force and EMG signal patterns during repeated bouts of con—
centric or eccentric muscle actions. Acta Physiologica Scandinavica, 1990;138(3):263-271.
Waters TR, Putz-Anderson V, Garg A, et al. Revised NIOSH equation for design and evaluation of man-

ual lifting tasks. Ergonomics, 1993;36(7):749-776.

Yang HS, Kwon QY, Lee YS, et al. Comparison of the muscle activity of lumbar stabilizers between
stoop and semi-squat lifting techniques at different lifting loads. Physical Therapy Korea,
2012:19(3):105-114.




	환자 이동 시 구간에 따른 물리치료사의 몸통과 다리 근활성도 비교: 휠체어에서 침대로 이동

