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’ &
BLORIMIFIZE T 2 HEF OB AHP R S o Xy FROBGT

o EM, R 5 W M MR R
R K K B R B

DRATLAR A PR R B P AR A LA R R 22 R
(2026 4 3 H 23 H%ZAY)

B [AW]BEORBIEREOREASEZLEL T 520, BERAHSKX V. FHEOE
EREEZERT 5720, BULORKBIFOEY Xy FEE2HLMIT 5.

(] RIEEGFEERRFELR2Y (BHE64, k64, wihd 19%). HEHEOHEIC
xFL 35%, 40% B LU 45% OXy FEz#El )Lz Xy FETBLOMEITT-TH 5o
72, BWEEZAT Yy 71 ARVYEZTAT, A5y 72 BEoxL, &5 A7y 7 THIK
L7z, BB L O LR E o RKHER 2L, Ro%MVC 258 LAz 722,
RIATIC X 2 KRR OWE L TN ENORE S TOBLOBBIZEBIEHEE (NRS) 122
WCHER L 72, MEMRNT (L 7 — & OIEHIE % iR 1%, —JCRLE 5T D L < 1 Friedman Mg %
T, BREDRO ONIGEILEILIEZ R L7 AKX 5% Kiie Lz, =B, FHTIC
(ZHEEFY 7 b SPSSver.30.0.0 Z M L7z, AR, BARKL KM ES v VXA MBEHFEERE S
DIKRA A THEME L 72

[ER]BRy FEICBWTHITENCH B ZLIEA SN b o 2. — 5, (KGO RHE A FEIZ N v
FE35% EXy FE40BL4% 2T 5L, Xy FPEL %L ETETOAT Y 7ITB
WTHBERBRD A LNz (p<.001). & 512, BEHO NRS 13 35% & 45% % Wik§ % & Ak
BRAYH BNz (p<.001).

] A2 TR, Ry FOEEOEWIC X o THIGENCA A A SN h o 72785, KT
S EE DA B X OWETE D NRS BIRASH S 7z, ARS8 2 20 Ji fh A7 25HE BB R /5 - 8907 (2%
FTAHEMMA FL A ZED, BROBERE LD EBHINTVE. Lo T, Ny FE%
HEDOHED 45% OF S FTEIFS Z &, B 2 AR ih % 3] L, SiiGsh o2 Licib 53,
JBG T B (R S T B B AT BETEAVRIR X 7z,

(HWesKRRE, 74 © 111—118, 2026)

—%—7—F—
BUOKR, BIBEHE, B, < i

L s fRideEfcRb L <, FERESTOMRMEREEICBY
' % WSEVENE ORI S H3) b b,

JEL A S B) A4 SR FE M L T B 30 B s A R 4 HHEF (IR O A7 & BERR B ASB I L T A 2 E B i
PRI X IUE, A6 EEICB VT4 AU EoRELE HLTWBY. 2D &0 BRI EE & W) IR fkb
L7238 Eo AN T 2 R4 51E 7,596 1T THEPENIHEZ52530THY, EHFOHEWTFT
Hot. Zo) BIEROREFKIL 6201 hTH Y, 4 HAHLBHHEMOARRERET 2EKLMETH L. EEY
R 828% % 5Tz, F/z, HHMao+u AL AK 81748 A% 2013 41 CLET L 725 (2 B 2 e ¥ Bixd 545
Y & B\ 72 3 BB S A % 10963 R 0 9 H 57.3% $t 1 TIREREE OB IR T B E BRI Ok
MHEITH Y, BRI B T 2 TERREMEET Far OFEMBRIY 70 38 A R W 7 Bt SR e 23 B i o HEAE 3 2%
HHIEIRENS. FONIXRENED ST D, /2, F—AMFYTT

PRAERT A 32 B0 2 BB AR AR B, SRR 16 4E o> 770 M OB A FREO EFCE, BERE 2SI L 2
PR &4 H1 6 SEREICIE 2251 M3 L7z, 2o 2,251 720121988 4, b EFewv, HZ 2w, BlEFH5 a0

il
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FrEHELE =07 M7 hRE - EASNGFHEH
AR - SR BHAMEIRT % & Vo R R A L
FTWBY FFICBED A ML v F v —RHWTAOBR
RIS X 2 BB ORI E L HAD D 7 T
THY, RIRITBVTH bR EA R AR & v o
72HUD HLAZ K o THAROBIHERIZ —E ORI ED S
NBELTELRAERZHIBLTWS?,

Lo L, HEMTZFOEBOKRMELE, 423 s L
FAEEZEOIZTAIEIFHLY. FlZIEBL O
RERZHE Vo 72 TIZFE S B 2 B0 [l R 5 1
IR L IR D EREMNTDH 505, BRMIZHZ)ED
R BRZ O R 2 8E 2 LWEE T 570, HEMO L
ADBEHIIKE V. FO720, JEEEHRA~0EH % BN
THEDOHME L TRy FOESEMBETLILI3E
BTHY, BLOKMWOBRIREDRE LY FO
FSICHET 5 2 L CHE~oRIZE T 5 2 LA
Lt oTwaY, EAMIBWTY, Freitag HI2X D
ZMEDOROFE S, KBOE S BEORE S0 3 BRI~y
FO@EmESEREL, ERP V-V EV ST T2
1T 720 EFNEHIEOEY, REOMEF 0EVHIH
LRI ENTWY, SOWEN LRy FOE X ZEOE
SFTLIF2 LEVESETRITRMAIEL LD, Zh
IR U CEBMAHED RSN Z LWL 0L o
Tw5. $72, Nagavarapu & Marras (ZEFH 2 BET L
72HD) 7 bR 7 (BEER) BT S k%
BT — 1) 2AEBRTABMECBOT3I2ONY F
DOEE (56cm, 7lem, 93cm) DFEE T EAIEHEI
X LOBEBOBAOHER, 7+ —ATL—rR 3K
TLE—VarF X T F v VAT LAEHOTEIRIZ DS
FERR TR 2 WE L Tz, TORE, Ny FOE
EEZBMBEOTFOHEDOFETH S Tlem L EF TEYF
52 L THHEANORMIMERENSL T L ZHLMILT
WY FZOMIZE Ry FORS LEHHEAIHE OB %
SN LRkl s a2, Lo L, Hi#hiasHF
BINATH) 7 7 CTHABLORKIIIBNT, ¥ T3 5HF
HEOFGRENLAZEEGT IRy FOFBIEREL
O EMOAHPRIREINLHZEHLICLE &L
72WEgEIE M7 55, FTRO#EY Xy FoE S IE8H
IR EN TR WOPBUIRTH S, 20720, Aif
BV TIIBE OB S, FHELZEOGREICHT
BEG T LT OAM AL 5 2 & Tl b BT
LRy FOEBSEHLNITALIEZHNET S,
CNICE YV EROATFELZILT S5 2 L05TETHE
WA RWT 282 MO T L ICEBNRY, HEMOREN
ORI TE S, T2, FELRTVWEETOT TIX
Bl LR BHEMOr 7T ~OERN LR TE 5L
ZOEFRIIREVWELEZS.

HARESE - SCRRER AR

=%
ey
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. B :p)

BL OISR U 2 F#EH ORI h 5 AR
IREZR DRy FEZIILNITT 5.

. ABRELOESR

Ny Vg BHEENTr T E2ERT A0~y MLV AL
WMOEE., FEAOGRISHTLEETEIHE%DE
BEHW.

IV. HtRFGE

1. ARTY1>

AWFFeNE, WFZExt S 285 3 560 F Tl
2T BEOFISEN B L O B B oG E) & A
SRR A % A2 S % WESEERATZE T d o 7.

2. HzxigE

Tl R K 12 44, BL OSSR AE, - B I
DWTIBL, ERNRFHEZBRLTVWLHEL L.
P TN A DI RENER DR A S 1THE LY.
BRI O HESERAD D % H Rk OB 4
LCTWwaH, MBI 7 v 3 — Vi & FEo
72D T — T ZAT ) 72D FONfEs B TV a—
VT LVEF—=03hbE %I L7

3. HWNEE

BELOKIRD r 7 % %\ T DA EL T R E R
LCH—® 1 #2484 L7,

W iF I, TRTCONREZBLTT T 2%
B VBN D B 7280, KI105% 0 IR B O 2 20 fCH M
FVINV=b 3B L GRNEHORED
725 Tld e-Stat OFEHERY 2L, 20 KB EOFH
B2 MG WE 2 RE L. ToRE, JE 1721cm,
R 69.5kg DB PAEH L 2 Y L7z

4, T—HREFE

OF— 7 IENE

HECIFER R E O SR - REEFHIL 72, Rl L 72
BED?S 35%, 40%, 45% Oy FEzdE) Lz &
B, RHRICBIT BNy FEE 35%, 40%, 45% IZi%E
L7, EBROBRIRBRBEIC BT 2 Xy FEREEOH
KaeBR L2720 THAH. SR ERMED 3
HORY FORESOEREFRI-L S, ERZEN63
cm, 65cm, 69cm TH - 7z, —ICHEH I TWwEL <y
FLADOEZIE9cm~15cm TH Y, Thz i Ladbye
HERLEWY Y ML A RGO SIXKRA S 84cm & 7
5. ZOFMTTIE, 168cm UL EDOXWRFIZH L TNy
FE50% 2T 5 EIIATRETH 5. BRIZB VT
b 168cm UL LOF#EH I —EDEEGTHAETH I LM
FREINDLZ LN 35%, 40%, 45% IZi%E L7z,

a. MEX

TR B & O R & B & L7e. hlGED
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OWEIZIE, KEFHEFT TSMYO (b7 > 27 V1) 2—
¥oa YRS 2 H Lz RN 7 v 3 —
WA X B EHR 2T, SHOMmE T — 72 HwTH
Mia B L7z, AR AEME oNRELEThTn
7278, FEFLIFNEFO LR _EMICBIL MV 2B
L UBRHADCAESETA BN W E$ 5 BT3P
HOX, WELAIA BB T EE IS — L7, RIETE
(Electromyography : EMG) &, %7 4 V¥ —%
10~500Hz & L, 1kHz TH > 7)) » 7 L7z, BLrozgih
FEDOKZ AT v 7 THRLN EMG EEIE, SEERO
%, BB (integrated EMG : iIEMG) #5H L, &
N&E ATy 7OFERHRTRLT1BH72 ) O
(IEMG/s) Zkw7z. &512, O IEMG/s & i Kk
JUHiE (maximum voluntary contraction : MVC) K
iIEMG TIEBMEL 72 (%MVC). %MVC 1%, ADHT
FEREMEA OB MIE L, B b 5 TR EE
% R RIS T 2 AR EEIREE T H 5.

b. PREHIE £

7Ly MiEREHWT, BLORMOKT % SR
POBEHET A, ¥ 7Ly PRI RE 0L L)Y
HAEICHEE L. Wog LzEl%E ¥ 7Ly Mk, S
Kinovea (open-source software) (2 AJI L, REEHIE
ZWPE - L7z,

c. EBIYAIHK

WFFExF 58128 L, Numerical Rating Scale (LLF,
NRS) #HHWCTH - B, Lk BHEBIOTEDE4
HHHCOWT [HEHEIEEL 2V 2EBKRT L0052
NLL LRI 2 Sk v] @10 @ 11 Bl craik
ZEELL 72,

@7 — & IR

2025 4 3 H

(®FE Brbs

BRI KA E X v VS ANDEF R L2 FERE L ik
EL7z. BH#ERT I AN EBEICERIT 20~22T, MHxF
MR 40~50% % PRT 5 & 9 Ik - I 217 - 72, &0
12X B EBRBREI 0L L2 8T 5720, FEBTROL
BOWMAD 2L T2, EBREICHESSRED
R % NG 2 % 72D FEERBAMATHT 30 47 LL R 22 o %)
WRNTHEI L TH S Wil % F0E L7z

OB Lo THE
BLOKWMOTMZ T 52D AT v 7T %
ATy T 1. WHEBDOARZTHT

A7y 72 HuBLoRsY

AT v 73 HBLGOEALTH L VBGOSR
35

ATy T4 FHLwBLOERDS

AT v 75 AKRy&EHEEITA

PN BB BN RE X 20T D, WFZExS
B OFRENT IS UTHEALZ & - 2Bt 3 5 o B

THA TR Lw S D EED AWM % fFn] L7z,

BRI S, WRSE R E I EB L OB TIEOFH %
ZlF, EEP—BL72HETBUORWHATEL L)
DK U U7 EEBRERIIREIS R E I L TB
OO FNAA TUHTHEA [T 72,

®%FEBR7Ta b

M - IR O ER, WNEADOFHEVH B X G
B> ERE AR IS TSMYO #3575 L7z, Ry Kz i
FED35%, 40%, 45% OMEFTHKSLMHF1 M2, §3
M BEeORM % FEh L7z, F2h & SEHE o I NRS 12 1]
Z L7z, NRS WZIREE 10 & 35 Mok, &40
D7 F v a7 M E R 3 MoEE T, i
JE - IR 2 E LA T Lz, 2B, Y4y a7y
b ORERIZ 2V TIE Mundale OWFZE X 0, FFTHY 7% 9%
ORI X D HIRINGEH T 5 & SN 505, HEOK
RTERDLNIGINIH DA DIREGIEEE TN T, 3~
SHEETEHI E CHEINLLEINTVE YD 4
Gri &R L7z,

(O iTE TN

BUOKMBEOMIERNDEE % BT 5 72 O FExT
SE I T ORRE L7z,

a. FEBREIH O 9 WK L EBRK TR E oM, 7
I—VEE L.

b. FEEHIH O HT 9 B2 L EBRK T H T TOR, 30
Ay P EoEE) % L.

BB ZRIGENC O W TREAEGFEHE DR — L R—=T|Z
FRL TV L EFHEIO A v v K- EBO X v YR %
ZEHWEBI ko

F72, FHEZHOHEBRIIHEILMEENS
LIXo T/ A APRALIEMLZMWEIRETH L. #
D7z OWFERT G FAN AW AT L 7 B RS il 22
)T B720, WITEHE M 2 EEBOHE) D Hn 7z
Ty YaEHLTH L7

5. T—ANRHE

IERREDHED 35%, 40%, 45% DXy FEll
BT 2R R, NRS 3 X ORI & 0 BILR % Bk
L 7=. Shapiro-Wilk M CIEHME 2 MR L7z 9 2 C, IE#
DATDFRD O N AFNNE—JC BB BT &, IR
RO B N7 o 722 80121% Friedman M€ % v 7z
HEAEDVRD bt FHRIEBIE, —IoRlE s
53M7 Tl Bonferroni #, Friedman #% T3 Bonferroni
FHIEIC X 2 ERKEOMEZIT - 72, A REAKHER 5% K
W L7z B, MATIZIE, #EFY 7 b SPSSver.30.0.0
ZEHL7C.

6. RIERVECEE

FFER R IR LT, ABIgED By, ik, Wige~o
ZINAMEAD AHERICESL I DTH Y, RSO
HRIC X o TANRD W L 2B X OE TR
L7z, F/2, —ERRESINCAE:2Z L2BATHoTH
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1
£ 1 EBRAIZOMER X OIRINE O FEIG i + FE itk
T 7
JaceL ko v ey it iy FE it
YEIIME  (mmg) 11633+10.30  12392+12.38
PEARIIME (mmHg) 71.67+10.21 7442+8.36
IR (Il /43) 69.75 = 12,51 7383 +14.58

FE#ZEIPSFEBRLUAZO0OHABEE L, 1HMEZEMTSF
TIEHETRETH O, Ho/-7— 7 I3FgE H LIRS
FHLRNWZ &, f—ﬁ@ﬁ%ﬁ%%%bt%ifﬂx
T— N ED USBICHRAEL, BEICERT LT L,
#@%Tﬂﬁﬁé_k%ﬁﬁui%_iéﬂﬁ%%t
LB, RFRIZEBRE RN E S v S AW Se Bl
BRAZOKREMGTEI L7z OKiRFS 1 423).

V. # R

1. WREOEM

MRETHE 6, KM 6 AP 124 TH D FkTaER
9ETH-o 72 FHHRIEIBEM1723+487cm, LM
159.3 +364cm. FHAREIZ T4 705+132kg, 2P 582
+865kg TdH - 7-.

2. ERRIRIE

FERE N O L 242+04C, A REE
Thotz. (K1)

3. I - icia%

FEER D FERTIH 1 M - IRIAEL DB 52 & FE 0t L 724
B R1oBYTHo7 FEEBZOPGEMIMLE, Lk
WE B X ORI\ OFEEIT TS IEHEHAN TS
D, BEMEZRTHIRETRO SN Lh o7z,

1336+1.2%

:j:
EANTTV

FEh OkkT
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4., BERBIHHLCLHE_SEBHND%MVC

HWE LRy FEMIZBI2BELORBOAT v 7T
EOFRNFHDWMVC %% 2, LR HHH O %MVC
EERIIRT. Xy FEOZIZL-TRAT vy 7TED
FHEVHS LR EH O %MVC IZHEEITADL
Nihoiz.

5. (ARREIEA

HWELARY FEMIZBT S AT v 7T & OREHIE
MERART. Xy FEBICEEEZRD, HHREK
(Bonferroni #i IF) O #f&H%, N v ¥ 35%~40% H (p
<.001), X FiE40%~45% [ (p<.001) BEXOXRy F
T 35%~45% ] (p<.001) DI XCTOREMICHEEAEE R
D7z,

6. NRS

ZEXRy FRETOBLORME, 77— M2 X )
L7z BRERAL S & O NRS % 5 129, JEE T %=
R0 (p<.001), FEILE (Bonferroni ffiil) OfHE,
Ny NE 35%~45% BICHBEEZ B (p<.001) 25,
35%~40% [ (p=.157), 40%~45% [ (p=268) IZiZH
BAEROL -T2

VI. & &

Zrfal, Ny FEO#EWIC X 5B IH SR 2 b
HHNTG Do 72, Hug SIZHH A0S O E VR EN 72
R HEICE B Vo ZEHICK Y, F—0@fET
HoTHEERMKIIMAICEI YV RARLZ L ZHBTW
59 KT, FHENCBLOREOBME X% ERL,
BEFHZOLDOEHM—TEZ DD, KFT4 AH=V
ADTEH T ERLWE, EOfMEBE L CEHfEZIT)
W o 7o ERRE F TR — T E 2o 2 RENED D 5.
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g2 RO BMVC* OFI il + kR E (%)

BULOZRFM Ny FES% T Ny FE40%T Ny FE45% T i (d), i
LKL AT AT 1745845 1583797 1563+431 (252:)0_;43‘42'
HeBhHOEIT 1489539 145+ 649 1508+276 ¢ (252:)0.9:82-18'
FLOBEOIKHT 5 1792486 1739+ 1144 17262757 " (2'1322:)0;82'18'
FLOBEORRDS 1473698 1609+7.36 16835468 <2‘p22:)0_;23'22'
FE P2 TN 1775706 1776+ 6.29 1697396 ¢ (252;0-9:72-12'

5 K#E1L 5%, Friedman MU % F2H
*MVC : e KBS IGH (Maximum Voluntary Contraction : MVC) K58 [XHRIE 2 100% & L 7zHo
A
TRy R 35% - 40% - 45% 13, Wb [HRFEOFRISNT 286 25§

x3 LB THETO %SMVCH DOV = BLER2E (%)

BL OO TR Ny NE535% T Ny N 40% Ny R 45% Fi (df), p il
XK ET AT 3592565 23371608 19981119 (252:)0‘;72'%'
HUBEOZAT 1307 +4.92 1334+ 601 1321 £ 6,65 F (252:)0;82‘55'
FLOBLOIRIRT 5 3852+ 635 12042018 8611524 (252:)0'9:82'56'
FLOBLOZRD S 2923+1155 2652+ 1152 28061264 (252:)0;22'61'
AHK Y %5 & LT D 21131096 2372+1091 1551161 (252:0;9224

HKi#E13 5%, Friedman #E % F20t
*oMVC : i KBEE IS (Maximum Voluntary Contraction : MVC) W5 iE BI3RIE 2 100% & L 7210

A
Ty N 35% - 40% - 45% 1, WL THEHOHRIHT 58] 28T

R4 REETEA OTIGMH = BHERAE ()

BL OO TIH Ny R 35% T Ny R 40% T Ny N 45% T F 1 (df), pfH
. F (222) =555,
ARV BT AT 59.83+1.97 5651 = 2.06 54.23 263
L0 | p=004
F (222) =665,
HuBLoO &Y 5844 =193 5472+185 52.73 229
L0 | p=0.02
F (222) =6.35,
FLuBLOICRRT 5 6441 =1.63 6153+147 60.15+1.33
— . ﬁ* p=0.02
F (222) =578,
FLuBLOZ2ED 5 56.31 209 5338 +2.07 51.39 =205
e | p=004
e . F (222) =544,
ARV &G E FFD 60.22+2.23 56.93+1.98 54.92 209
e | p=003

FREARHE 5%, —ICHCIE /BT & 920, £ L1211 Bonferroni #: % J\\ 72
Ty N 35% - 40% - 45% 1, Wb [HEEOGRIIN T 2EE] 2RT
*=p< 05, **=p< 01
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®5 KNy FETOBUOMREO EBIMEIHE (NRSY) O TIgfl + Bl

A Ny N 35% T Ny N 40% T Ny N 45% T FfE (df), pfE
FEI 350+281 2.75+1.60 208+151 F (222) =142, p= 256
BB 341 %156 303+1.35 242+193 F (222) =114, p= 333
; F (222) =651
TR 642202 525+1.96 367+161
\ s | p= 004
3 367 =290 325+191 225+218 F (222) =1134, p= 334

AR 5%, W - JH, LB, ERRICIE Friedman M52, P IE—ICBCE 7550547 % FE it

LI NERS,  EREES, 15 - 501 Bonferroni i, FHIE Bonferroni % Hw 72

SNRS (3 MELEIIEL 2] @025 [ZAMEOBEMIZNAZ SHv] @ 10 0 11 BB TR
Ty N 35% - 40% - 45% 1, WFhb [HEREHEOY RIS T AEE] 2RT

**=p< 01

ZORER, ARHEMOMIEBIMAZEIKRELEL, A
BANRDONG P2t EZLNS. — /T, Xy N
FENREOHGED 40% D EICRES 5 2 L T, Ko
HELRAEZ PRI TE 2 2 EAURE N, KR OMIE %
BIELE, HERIARL B~ ORI A b L 2 Z2HIns €%
PR ER A, NRSOFMERETHHELOAHIZHEED 35%
DFHELD B 45% OFHEIF TRy FEEH#HESL L
THBICEHEMSRAI SN2, o228 A, HikH)
WCHBLREADAR SN o7z LTH, BRFHiIcE
HEOHED 4% OIS T TRy FEefigks sk
WX o TR FHICAR TH 5 W fEtEA R S /e,
AIST M T — 7 R—2 (1991~1992) 12k B &, #
SRR A DY G EIZ B 1714cm, &V 1589cm Th 1,
BOEE (BZ2EJBSTZRETORE2SOHEE) O
I 75.24cm, &M 6958cm TH A7, ThizHE
Wt LT TR 44.0%, TR 437% IS5 5. &
DT ENS, BIRGHEIZB I 5 BH O IZH H DR
DHEEEIEREICNY FE %2 LTS 2 8T, Hi#lB OB
WIS U7 BRI HDO A Ry FEORENTREE 72 5
ZEHIRIE S T,

VIl. KIFRORER ESHDERE

KIFIEIL, EHONET %Ny FE35%, 40%, 45% O
NP CEMT 5 £ ) ICEE L2720, ERHEICLDY
Ny N 45% OFERFICIZTIEZ X ) 3 R0I2%7T
E720, KFA AN ADTHHPED o720 L7z
TREMED D ), INARERNEBEL L 2RETE R
V. F 7, HRFFZFEERRFOFEICROATNS Z
O EIRERE AT 5 F#M %2 2T HEMNOBH IO
WTIZE LR IMHEADPLETH L. EHI, Ny FEOD
BN DWT, AR TIES K DEHEFE IR IIL LT
TN e E S & LT 3B%, 40%, 456% & L7278, FHik
FIZE o TIE50% B WIE55% ST 52 &bl
ThHb O ENDL, Ny FEOBREICDWTIISEMS,
R LT, WhLMEPLETH 5.

W, AR TIRIBHELEDBLOTIRIFIC BT 2

BRI A U TTHON AT o 7288, Ny FE o
ENR, AFEO LR T EE Vo 2 HOMIEIZA R L T
5. UEDOZENL, BUORBRFIZBIT S HEELRICE 5
THEOD R WR Y FEIZOWT, SHBIIMEEDRMA
FOLRT S LV o7z XD S MP LR HMGEEL T
CTEPRETH 5.

VIl & B

BUORWEERT AR, Ny FEZHSOHZED
45% (BXZRVEE) FTETSZ L CTHESAHEIR
WMEN BN FEVEDRIE S 7z,

[COI Bi/R] A i L CHIRT <X COLIRIEIE 4w

X ®

D) JEAESEE - 4 6 R LRSS EIRN AT A. FA
57 18) 48 HP. 2025. https://www.mhlw.go.jp/stf/newpage
_61103.html, (M 2026-1-8).

2) WIHFTET 0 [N BREEIC B 2 B ERE O
i - SIS WO O FERET AT IR R, BEHEIIE (563) 1 11—18,
2013.

3) JEAGIEAE WS 3BT B S TR R S e OV
JEA: 5745 HP. 2013. https://www.mhlw.go.jp/stf/houd
0u/2r98520000034et4-att/2r98520000034mtc_l.pdf, (& M
2024-8-10).

4) BMIERE, RTS8 % O ORI S A
7o L AT B TS T 72 TR EE oA Y. VESER
39 (4) : 395—405, 2020.

5) IEA GBI ¢ 45 14 R 57 ) 9 E Bk AR R A 55 8
HP. 2023. https://www.mhlw.go.jp/content/11200000/0
01116307.pdf, (ZHd 2024-7-8).

6) Shogenji M, Izumi K, Seo A, Inoue K: Biomechanical
analysis of the low back load on healthcare workers due to
diaper changing. IR K0 % F PAE2AARE 31 (2): 57—69,
2008.

7) Freitag S, Seddouki R, Dulon M, et al: The Effect of
Working Position on Trunk Posture and Exertion for Rou-
tine Nursing Tasks: An Experimental Study. Annals of Oc-
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during the application and removal of lifting slings: the ef-
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Determining Optimal Bed Height to Reduce Caregiver Lumbar Load during Diaper Changes

Takahiro Tatara”, Suguru Fukushima®, Shoko Takahashi” and Kenji Hayashi”
YFaculty of Nursing and Nutrition, The University of Shimane
“Department of Physical Therapy, Matsue Comprehensive Medical College

[Objective] Diaper changes require prolonged forward-leaning postures, placing significant physical strain
on caregivers. To reduce lumbar strain on nurses, we sought to determine the optimal bed height for diaper
changes. [Methods] Twelve nursing students (six males, six females, all 19 years old) participated. The partici-
pants’ heights were measured to determine bed heights at 35%, 40%, and 45% of their height. Diapers were
changed at each bed height. The change procedure consisted of five steps, including “a. Lower pants” and “b.
Open diaper. ” Surface electromyography (sSEMG) was recorded for the erector spinae and biceps brachii mus-
cles, and the %MVC for these muscles was calculated. Additionally, we measured the trunk forward tilt angle
using image analysis and assessed the subjective burden (NRS) after diaper changes at each height. Statistical
analysis confirmed data normality, followed by a one-way ANOVA or Friedman's test. Multiple comparisons
were conducted if significant differences were observed. The significance level was set at 5%. SPSS ver. 30.0.0
was used for analysis. This study was approved by the Ethics Review Committee of Shimane Prefectural Uni-
versity, Izumo Campus. [Results] No significant changes in muscle activity were observed across bed height
levels. However, when 35% was compared with 40% and 45% bed heights, the trunk forward bending angle
showed a significant decrease at all steps as the bed height increased (p< .001). Furthermore, a significant re-
duction in lumbar NRS was observed when 35% was compared to 45% (p<< .001). [Conclusion] This study found
no significant difference in muscle activity due to differences in bed height, but observed a reduction in trunk
forward tilt angle and a decrease in lumbar NRS. Excessive trunk flexion increases mechanical stress on the in-
tervertebral discs, muscles, and ligaments, contributing to lower back pain. Therefore, raising the bed height to
45% of one’s height may effectively prevent lower back pain by suppressing excessive trunk flexion, regardless
of changes in muscle activity.

(JJOMT, 74: 111—118, 2026)

—Key words—
diaper changing, lumbar strain, low back pain, bed height
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