PEARAEIEIER T

114 8 & B F 73 % M F

UER LT HMFEIRR 2

&
MEEF LRI AZ B AL 6 B RIRAEIRIE G R
L )

AR B RBRATRIR (0T AR ) B
lﬁﬂ%aﬁﬁﬂﬁ$Wvﬁwﬁ&‘éﬁ

4
230
REEE P A4 FRGTIR G- 27T
& A T f8r T AR Hk o 1% MediaPipe iE
FAMEHyEREM S LAY - 2 Kinovea
i % 0 4k 1SO 11226 8 ie 7 % H1h 1§ A
FoORELRIR I AT T AR LA -

**@T’ix%*&éW%MPT;$i$iw

MR TEREL s 048 B FH SRS A

ERBIRFLGELAL A TFLHFHET
7

ST TN § SRRy 2 B
o AT R I- BERIAER S E T IFL R
FEREELTABEGTL B

MaEF : B FBARIRIE | \’{Egjﬁ,{\-r%hi##a
%\Aﬂlﬁ

L 5%
L1ES %3
FUH5 N FLRR (2025) szt £ YRR 114 #
7 U PES65 R EEACLEE i 19.64% 1R
B FeiTAZR #67L € A (P 52dh > 2025) o 'L ¥ X
o] o B RBARIRIF T RERFN L AR
u3ﬁ@’ﬁmﬁ&&a%m54§&,@1%
AgRE 57 B (FLARTIRS > 2024) o KA o
JRE 1 (TFe fod & avep FE5 2
B HY THEEEIN G FE 70 %L
BEA Z i 2 50 %~60 % (Alghadir et al., 2015;
Gatcheletal.,2016) ° J* IR % 3 FIE & 7R B § @
P EREAEFRDBIRG W EIRE S IFER G

N

$oL o nd T g 4
%ﬁ%%%%’@ﬁ5%$$%‘*<4vkcﬂ
PodrPiB iR BRI ERIVEIRAE G FLRHET

FARE o o A EERE > FIEOE BRAL o

1255 B th
iE‘2g4W1ﬁﬁ%#$

BT ET A LGNS GRR) #id g g
FLEEC T SO PR BN IS ViF TILE R,
TAered R TR AIRAF 2 E e E 2

S g o

1373 B&

AT P Bk - (H1) 3
mﬁ*%ﬁ%i\i&\Tk\%M$ﬁ$ﬁﬁﬁ
EREEIRE FE e PRl E 2R
A RFE NIRRT 4
PEFREVZERET R BR - (H2) R
EARECT AR Y WE 2B EIREANTRTAL
HHE G B Emd LR B ERET L G BE R
ByTredg o
2. 2 prage
21 L RAEM 2B RBARRIEF §

FATAR 114 #2065 kot AT
AZiB 20% 2 AZFHALE T FRCEEDRER
FEFH (RMFFEL R ¢ 02023) -2 iz
w5 (WHO) 4p &> o FHem g 5 23R A

' TE o B3R



WU EE Y BALE R ER R P RET
‘&'fiffﬁilfi?ﬁr?éi\”““f¥ﬂ » £ H R
£ (A ARTIER 0 2022) o B FERAR
IR 375 S0
G R paraF B R ) AT RETIEL LR
F 5 E R k2 P RIS (i
Fe 0 2023 5 2 AR ISR 0 2024)

FAEA R E BRI TR p AR 96 £ dad
FTE P 1.0, S ARRIY } 54k 2 PRI 2
to 2 AR 106 £ LR 2.0, HEHpikw E
MRAEH N » F A RBFITHE L AL P A
ERBMALE 2 AT R K AR 114 £ 9
Pqe o prEad TER 3.0, o MEREEL S Ak
_—;.kbts <¥1’u;++,\,);-%r-§',lp‘)\i—_4 %
EofFRERACETEREE > E A PR RER
Fof o B - RIS B TR AR P S

L2 Rk (22 20235 B2 AR
25 2025)

Bt kP o B RBRAEIRAR TR A AR R
O R RO E 65 A X EF 55 3
64 & i R ~50 Fo l%?ﬁf’fg‘;ﬂ ARG B
FReGE P H 2 28 SO R B R o AR
113 & F 3 A3 BTG R RS2 AR A ks
63918 4 »H ¢ L+ 53173 4 (§ 83.19%) »
P hMEJRE TiaE 4R e 89 = ¥R PRAR PRI
BT T7 KB A FRIEA S EF P REE

WY BB R (FA AR 2024)
ﬁ*mﬁﬁgﬁg%%~%$\%ﬂﬁyﬁi%%
[t FRAFPEE L IR 83 F Bk
EREFZ AR APERS T2 {14 ok
PRI T &a BER R R R
BES TR (FLARTIIT > 2024)
J%Rﬁlﬁﬁﬁiﬁiﬁﬁﬁm#iﬁéﬁ

AR EJLE A BH 63,000 44 5 HE Ll
83.2% % 5 4 45 1 64 phz ¥ B#LEF o d
AR F T ERRAE S pe 0 K2 R AN
A FECRRIE FRGIEFTRE o BIRE
P LIEE fdod 1 57 o

R 2 Fe i

¢ 5 AT T

.'L._p

N \v— —-Af-
éd—

51 BIRE P KRG (ABAER)

a1 4% I "
WP TR PR P f
wag 24 |éfEtnErb kgl v b TR R
LR K/ R }i,”r—g&;ﬁﬁ%f%o
£ pER 23 [aEiEed s e ARES
BEEH /7 |ip LER R T
I 12 |¢ 45 F B BB % 1A

B | /R e Emaompng g

Re8 | 23 Bea&s ERSE BHEHL
BEp AR /% e e

g5 12 |LERZ 3P o k3 e
QM PER| ] [P RkRA o

2
Hi (75230 248 |F HEHEBIRIA 4 FL £ (5
B bk | ~1 ) BF e (T o

BIREIRIFF P U BABREG IR GAN
LR B FHBF LR D REBREED
BEoRMRRA»EL - EPT T
e F R 2 g iE 88% 0 H P T 7
F(T5%) BAFI A G L (fﬁfﬁ’2018;
HL 52016 ¥ $852019) o
e FTAr R 2

— e R I

LIRAEIE P 2 R

e

%2 BIRRRIFIE P U EBmEG T R G417
(~BATHIL)

AR B B %3 REE
bl B B2 FF A 45

> p[FREF RBELS
> K m_l BPAREEZR ;B
P Pl 4 i A

: F L "‘B%FNI‘QBF &
<0 ¥ > FRN 7L
M G| (60~70%) | > = 5 zfi,..mﬁi—gh s
PR RECRTERR

£y 1% %
RRE| (<70%)

i - > B % . -

L= AL LT B A
b= ~
//}z 7| (40~50% ) >q$‘%p),’a£ W2 ‘3\'§4F
B ¥ ¢ > A0 R R OEHRB R
BAE| (930%) |> L7 4~ Eapqad

FIF i >R MR E TREBERD

/AR (20~30%) | > & ERRE Y

24 TR E R ARELR L FLFR

ARG T AR HTIT E R g R A
FREY 2B ferr® A (4 MediaPipe ~
FRAFIRERES

. (wvan Sluijs et al., 2023 ) o fpf>tsv

OpenPose ) & iF by > s

T2f81E



TREFTENARERF BGS IR EG 2R
e B2 Dt S - éﬂ BoARE TR RE
Bl r et e
al.,,2023) - AF AR ¢ 2R *‘;—," ¥ %2 £ Kinovea
B (O B A 1 A e 2
Brch o TR SRS LR £ R B ERY
F e- HRALEPRGTH2T M -

# (van Sluijs et

25E,/ THNAFHWE LMY

5 #p 77 7 303 2 (back belt/ lumbar support )
FHBEMTFR 2005 FiE L7 - Rode £ 43
PEELE] zﬂﬂﬁ SR AR KT AR
T MBEET PFN R ER TS B TR
%*@(Ammendolia et al.,2003) o {5 4% Cochrane %
el w R Ay RN IE R TR R 2
FHASF L EME AP RERENE AN P
RO BT EET LG R Ak o riF s
- fpp 1 &2 5 F 73 *T (van Duijvenbode et
al., 2008 )

Ra TEFALHBEHEEYBLGRE
e 0 5 AT L RSB R A 2 A
FREE FRREL TA N
LSS TE SR R I R S A
WAL F AE T IR e Loep B o
Fzﬁu’%*f%ﬁﬁ,z%?ﬁélﬁg&@
LI A S B —kﬁd"*"ﬁif TE
Moy RElL 7Y 29557 544 (Jellema et
al., 2002 )

#t ¢k > Roelofs (2007) 44+ 360 ¢ % 3
)3)];3;17\%3’\@{; Ha n’—'F]*‘ EEFTFR AR
EI 2 b e SRR A N 150 T D T f g (E R
BONAEHFRGRET L] R REREIE
AFErE c RFHRELLFH G
(2017) F g4 > 7 F VAL P R 7 F 1L
BRREAARZHRS ZERER) o T gE T F
E R T ]

ﬁ@jﬂﬁi?ﬁW§@ﬁ$%¢—R£ﬁv
BEPTF

Foda

» Hagiwara

)/

3 2eiEp Ao R AP

%gﬁa%ﬁlﬁ%ad’mﬁﬁﬁaiﬁgﬁ\
FUAGER R RD TS
e LR SRS RSN

r*
k
*stﬂ
lad

RREPER GREAAPOT AP KA LG AR
N T S LR SO e TN
R 2y x% B o

26 X R AMEL IFE FiIPR1E

PRH R AR RFRETFLRLR
(L RS ENIES SR F a2 N
HE2ZEE B F2FEPEF L2 RE 5T
R PRI L 45 [SO11226 (£
3% )~NIOSH # ¢ = 42:% ¥ Snook & Ciriello
RHEREA > ZE S EVREIRER - FEPFRT
BELEEMTIEa w BB LABZ LG AS B
iz & 2= % (McAtamney & Corlett, 1993; NIOSH,
2021; Snook & Ciriello, 1991 )
2.6.1 # &1 iTZ =% 1 1SO 11226

195 B R 2 5 (1S0,2000) #r4] 2.2 ISO
11226 1% 32 & % 03z DR add Fl e s 5 i
g5 FRLITEH (L& APRE 4 P
B Tt F ) o 2R A R ER 0 SR
Fatr Y EL4E

N EgE "'é(%r

L

(\L

Ak

[

o
=

rl

oz ,\ij’/qwrs,«a\ LR
REQHEFR > I &AL
TAR) BT RERL iR e R s

AT AR T Ap D F SRR M A RAZE 20
B P R A g A IR f G R R 4 0 R F
LTS & D RT3 SIS & R
BEH#E T AR L% (Punnettetal., 1991; Bernard,
1997)

KET G OETE 2 ISO 11226 # ji % H3m @ A%

E Y

4ok 3 TR e



43 #HAE1FEHISO126= R E5HET (A5

A )
0°~20" : ¥ 425
. 20°~60° FRER: Y
MR M "
Sakd <ﬁ_&;$’%é‘@>

>60° @ A T X

I Ay

0°~25° & 7

25°~85° T iEEVER

BE 3R A M

i (FALER ELFER)
>85° ¢ A WX

LR o0 TR

(A B &) >60° b % 3 4c

(FAiZ# ¥2§H)

2.6.2#;@?%%1 A F]1 237 1 I1SO 11228
AR AIBERTANAS S F2 PR
W OISO 11228 % FHRIE o 23R 0 55 38 08
R rzbidid £ AT oM EHEETESFHE LR
2R TR LT B R IRRERZ EA R BN
(1S0, 2003 )

By - 30a (ISO11228~1 @ #FAz & #iF (%)
? ’#ﬁu%w:ﬁ‘_i&_ FAZHE 25kg o FALES; RE

THBRGEE RE W LEFRY D FRES
B Rk T EAAZIE SOcmo R TR LT F R K
*50cem (FIFERAESE) &8 140c
%K)ﬂ*’ v sbiﬁ%ﬁa%c”ﬁ—fw EER L

FEEESFEELE ] 25 s
AR e o (WMSDs) 2 b ' %A F# 5 -
E9E
4

~
Es,

%>
e
Vel

o

£
Z A (ISO11228~2 t far iv ¥ ) ¥ >

Rlrid=des 4 2354 T 530 kg5 5 @A~

BORA o aEIRL Ar 4 4 E AR 00N T s
FHwHA 50N 2T §FHRANLE 1SON &2

75N mF o & = 384 (ISO11228~3 1 X f j7 B 4

FEE)P D PRE S TE L AR R
a‘;ﬁenws’* PR LA &

b R BRESEY O BRE R TH e

ZEITER FRVERE s RER BB A D

FOE s LR Y EE 4 . 3 1SO 11228 4

et M F PRI E

_2

rAER GG Ry}

2ZFEALET R o
2.7 44 4 48 (Kinetic Chain) 27 X #1 § 2 M

Bt e d B ARG D S E T 2
3]
2

FREglds 4 4h 0 LM E B (F5Ep F o ki
£+ § (Lephart & Henry, 1996) & 1%~ 302 (4c
Eyr e 2 ) 2L KRR PR (i
o) VA s R T 2a FaRigag
2 i8R f 7 (Kibleretal., 2006) -

270 B 3P N6 4 42 i
bR REBAET R PR B 2 187 & 5 5 5

B 4 A

* #HPFFF 44 (CKC): ¥ L vipmr ki 2 o
ST ke (TY 5 BIRE B RF R
BoTHENMZ AL LA GE Er A 2% EE
2 At g %”’Z*f“&#iiﬁ%’fi%’?’@” HE R
LRV o RS SRR NS N

o Bisided ﬁé(OKC)i ¥R g kg
EFMBHEG IR FE o F RO L
PR SR AR B ARR 2 B R T L
B prl b S IR B ROV F A
% % (Musculoskeletal Disorders, MSDs ) 2.
& (McGill, 2010) -

v

272%p R RN F R EBE
EJRE ¥ L2 ASFRA 5RO RY T 2
NE e T AT BT RETEA S
BF AL NI T R LS g R
CEERR R R Y N (X S S X

#3 + #Fef gpoedt (Hagiwaraetal, 2017) -

®



PUPEE O T A~ > T SR S

& (intra~abdominal pressure, [AP ) 14 3 4 $543 ;f% T
SRR R AE LD JUE

AR Es o B4 g2 B A4 RN T AR IR > X0E

Mgz N E R kA g Bt R S R

¢ %% T b *& (Schiettz~Christensen etal., 1999 )e

]"} 5 xE:ﬂ‘l ;{_ll‘f’\" N4

3LELA AR
3EE R
Ej;j—%/z‘ Boifrde® 1 o7 ’fpgﬁ E‘F)»Fé‘

ﬁ%ﬁé%aﬁ*?%ﬁimp*ﬂﬁ?ﬁﬁﬁﬁ
FoobkLE o ek AT AR
LFEREEe®y ik

BORR S F A ive § L2 el s (Aot ds

DB ARE) EEERITE S T
FHhELFL 2B TR Godpid Rl &
LRIM & T s Al E R4 o
2. % 2 i ipl e £ F s (MediaPipe )
#-2. 5 =~ Google MediaPipe #-ir &7 £ 1§
#| - MediaPipe % & FE 5 ¥ #31%7+ * 48 33
FREgSH T E ER T TR
BT MERERC LR ER B TER
B3 TR .
3. & B Rl (£4 45 (Kinovea)
#-8 5 % ~ Kinovea #ihfie 7 & & £ipr T
TR R ERIEEE S L EEES - R
S ER AT RR e
EARTA BT ARG A
B ISO 11226 # i TR R B 27 h ' A
T RATRETEHEF R T LEAL
PousHE i1 TERET 22 P

®

W

FIE B 8RB AR

<

ISO 11226 % %k

%R E

Bl 1 =7 iR
32 REFEH%
LX) &@*P“ﬂ?w%%—é“?ﬁ;%
ZIPBEBRAETEFATH Y 2N RE LT
éﬁéﬂ%mﬁmpzﬂﬁﬁmﬁgjdﬂikg

FEFLBEHRLT AL LBPHEFHE
A AP hREALR € (IRB) 34 12
poEo: AR OIS & 3 81 20 p > %8

CYUTIRB~115~003 + 72 § & 42 # & i
2R Ao

TR 81

FARBOREDPRAER K2 LEH
IR LRESR TR
LA~ R MR AR i

=

o

HEE RO AREREE R AR TER
RETE R 3 P8 MR T jes 7 b de iFT 2

1 ITEREING S A RE TR A -
EATERR GEEEN N 2 Pk o



33RHREH
AR LB R R
FEH AT AR 4T 0
BRI
i * iPhone i {7 F fA17 R &R PR F Y
FPER B B EE R R o
* MediaPipe % # y¢aifiiie -
* T H Y Google B4 2 MediaPipe Pose #-
‘;@gﬁ ARERIER T pF R 33 @RS
LRSI RSSO LR R
* Kinovea ##%4 :
FREHAF L BEEN RS LR KL
3 MediaPipe & $ 35 % 2 B o
o T 444 (JASP):
Py R A A AT R %
MediaPipe £ Kinovea & | % 2 - &K% o

igtinie

3.3.1 Python #4475 % 3%

LERECEAMRAEZERLG > AT N
Python p i7:& § & % 4 47 % s> & % » Google
MediaPipe Pose #i-ie it {7 A #8 % 3B~ o B 2 i 42
¢ i 2 Google Gemini 3# 7 #- A& FANER R
“ﬁ%%’uﬁﬂﬁm@%ﬁqo

it 30Hz( 9% 0.033 7f/

& W B A 4 (W _Angle) £ A
& (S _Angle)

GE e (4cB 2 917 ) il FERER
> + ] 5 5 MediaPipe F4acfsentd fH 2 o

EH b &2 LSF IS0 11226 3 » #AE0
LRALABRGFHE 120 A~60 B i E T R
(Warning ) > 4218 60 & 5 % f /% %' (Danger ) °

Ma i

AR BB RARP) S PR AT KB 5 R T PEA

SR UEE R R TR SR R s
FEREFER LSO NIFS BFERE

FATE N EsnF 32 kg o

B2 %% a3 E
PFEERRGEHTRRA

AEGEEHL TE R e Lk AT R
Pl fLe TRy FlLe 3 HRY
Beod HEE AN RER BT REES S/

34 R %K

e RETE T B E AR GESUT L
MediaPipe = F3%a8 % Suie 7 F B85 RS
ELPLERRC A AERV G IR AERER
AR o

FHR XL & 5T ISO 11226 2 4ph 4
ﬂlﬁv@,vmzkpwwﬁﬁm%w
KET o sHEIRRR DR A A ME A E L SRS
WA S FRAPER 2B ITEAFE S B4 Y
FLioFER) Frtr e E Loy o2 kg -

BT A B

3.5 44 3

1A R P/l TS ¢
#- MediaPipe £ Kinovea ”Lrﬁg?l M2k B
% Excel TR H L EHLTHER
BA AR EFFEE D UPERAE A NS
Eiz EHE L EBITEFEE

2. FHS ot
iy 1SO 11226 AR p) » 53 & Zi5¢ F b
VES FIEIE NTRI R NVRTE 3 AN R §
B oo

3B EA T
BEFPERGE LRSI Y REFHRA T



BLBEEA r HERETP LS L
i?%i@f{gﬁrgﬁm .

4. Bzt g (JASP)
AF g v JASP BoRBiE 7 A 40 M

EEE

MediaPipe £ Kinovea 2 & & Ffl® » {87
fot Al Ao p b RRREA P &7
% 4p M 2 #ic (Pearson correlation coefficient, r )

LR = ]
~1 3 41 2 B BB ARERIT +1 & m AP B (2AR
B R 2K R
W TS BBk Sz - RE BEA TR

MediaPipe #icdy = 1 & &5 o

SR ERSEEZ - KM BAA

B o AT r>080 T3

4. %

AR g BT AL T B RIRE S
B2V AR FOLEGEERE A B £ R
FTHRE AL EALZZBIFE I FA S

# MediaPipe 22 Kinovea & {7 4 %8 ¥ 2 1d jp| &2
M EREi DL S AL AT
i 7 MediaPipe £ ] % 2 - KIL%E > 1A K
AT EAL 2T M Bts 0 kdf 1SO 11226 &8
RELERRGA S FTRE L w2 LB o
AERNFRABED TN RS S
MediaPipe ®ip|- RPEAa 45~ FHR G A B F -
WEA TR RRR R FE A0

TR iR AT TR o

%

= R

4.1 MediaPipe 22 Kinovea #¥35% #
AT 01 f PR B
TEHAL 10 LR
dod ALY
AR RE 4 ST 2 RPIHER A A
%?@ﬁﬁLM%%ﬂa@e
*FHE L ¥~ MediaPipe Pose g 7
ARg AR g R ﬁﬂ@%ﬂﬁi&ﬁ%%%ﬁ?
AR S R R T
23 AR *LT”L » AFT 3 %t Python #%3¢

Freae o
%%’ﬁ;££»ﬁ1§
ERF - R LA Fﬂ L LM

s 1 %\

Mo T REEF 5 Excel T

2 By e

BB 4§ 2 Google Gemini 3# 7 #-
P

PRAERIEEM > Y 7%~ Kinovea #t
RBEFEN & RV H S VIFLRD kg AP E A
FeJR 27 4 5% Spyder (Python3.10) i ¥ 247 »
FRAFEDE2L ERE
BFLARR o

% B % MediaPipe *" & 738 2. £ R &
Mo AFE TR R pFEER L PER TR % S
4 BE3(100~150+200cm) £ % & (100~120 cm) -
S ES Ak 6 = o

By A 7 dp R @ 45 T 3538 4 & & (Mean Error )
2 h 4+ 34 (MaxError) > * Mfgita A R 2
2 ABAR -

4. 4 MediaPipe ¥ Kinovea & & % %1t

A& 742

/?J J‘% s 1] J—_IV 'H — IQ:]"_};

&

a4 R T ik

(em) (em) ES Y]
100 100 4.42 25.42
100 120 2.77 11.26
150 100 0.48 1.70
150 120 1.63 13.91
200 100 1.10 4.42
200 120 1.85 5.13

W3 FREEREEFRGET
MediaPipe ¥ Kinovea ¥ B2 %2 ol 28k (R
)% ABF R B R S e T AU B
AECHPEAT ~1 D4 2B B AT
AT ARMPARE o 32T 0 PIA T APRM MRG0 3
i o~1 RIATf AR -

AT REMT 0 LRSKIEETL R B0
i 085 11t s 2ad kRS EE 94 B R AP
Mo B 5 ApEd 150cm~ % & 100 cm 2 %
BT AR A A -

A



Plot
1.05

1.00

o 0.95 -
0.90 -

0.85 !
100 150 200
ik
Bl 3R ESCEEHLE ® & % 1 375

Plot ¥
20

RMSE

100 150 200
7B B

Bl 4 RMSE “{IEHE F & % 1 375UH]
Bl 4 %1 7 FApEERE 3
1234 (RMSE) % 1 ) o 5 % Bor > &fEdg 150
cm~®& & 100cm 2 & # T >RMSE % &> % 7
o APgR 2
RMSE &8 <354 % 5 F 248

FoRThBEREFAHERFLL S
- B AL ER L AT 0 AR
150cm~ % A& 100cm PF> T393E % & & 5 048"
BAALs 1707 - ALK

BT 2 e

MediaPipe £ Kinovea z & ip| £ & & |

R
T H ik it 2

Lot E

In %ﬁ&é}ﬁ-‘fﬁfii 100cm #2343 200cm PF - 3%

AER 229 4 100cm B A ERT 2 AK R

A PR BT ATEEMIAET 0 FIAR & A ¥ SR
WwimAia PR R EmE -
P 2 RdpiER R E R IR R A

120cm B B> 3MAEET R RRFEL  BEr s
GERY SR S LS R NS N
TR BRI AU B o

2 et iEak 2R FEFER

AP AL PR Y RE T T AT
B X B YA R G EE R R R T 0 B R
74z 2mELRTH -

B R BT bARREENRT LK
BEIRG M A B A AN EA 20 Bz FH LTl
1239% £ ¢ &7 4 (20 B-60 &) 5 12.06% >
BEEEER (360 R) 5 0.32%

AT Ao 5 ST o fedV {2 R
R EARR o A LR (<20 B) W B
87.62% # = 3 88.97% % f imE % (260 &) **
Fef R T AL N2 R AARES > R
EHFTEIERER (20 B-60 B)

25 bR RRE L AR G B

By L ¥z %
(&) | EHo] | R | TR
/EEL | 92.58% 7.42% 0.00%
REE2 | 73.03% | 26.76% 0.21%
RELE3 | 90.51% 8.44% 1.05%
REZ | 9437% 5.63% 0.00%
FEZL | 89.98% 10.02% 0.00%
FEZ2 | 91.99% 8.01% 0.00%
FEZ3 | 86.87% 13.13% 0.00%
FEEL | 87.06% 12.94% 0.00%




¥ L DNRT E R B SRR FR&TF s

00.00% 87.62% 88.97%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
12.06% 11.03%
10.00%
0.32% . 0.00%
0.00%
AR A B
O RIFEHS wmEEESLG] mERE Sk

Bl S 2" REBRT AIRA
7L IR

Ry licdp 8 %7 F 0 o ey &
FOOEER  BEH AN R RE LI
(Cholewicki, J., Juluru, K., Radebold, A. et al,1999) -
FRCEEEREL FE S DT RRS K

RS TR R TE R AR iR

B GR % o

ZHPGERT AR

7; LR NEEd

REES T IR 38 WE LT 20 WL X

B PR B et TR s T A g T F
gk  GhdrPadpd LR o HFHE
TR BJRA TR EFREEH AL RS

W~ AR 2 E A ook 2T A4tk
L

PR FEE o HBROMIER BEIREARE R
zﬁﬁf¢m$me¢ﬂorL%ﬁﬂer§@£§v
HF - pi Plch@ FivEd o ofd & F Rgirsl
AL R AR F AR e AL R SR

B o

2 6 L EAR R TN

ZHR G2

100.00%,

0.00% [99.32%| 0.68% | 52.25 | 60.15
0.00% | 0.00% |100.00%| 0.00 | 90.98
0.00% | 6.76% |93.24% | 58.62 | 66.79

d &6 v BJRAE ARFTLZ FpE &
P Z o Fapu P g b e % 30 o35
F17100.00% > FdF B REIRE GEINE LGN R
fio FEINT 3ok B A WL 67.26 B2 90.98 B 17
Q@tfﬁ%ﬁiﬁﬁxiiéﬁ¢ ﬁFﬁﬁ
LB HBE R ETENMIBE S A
b % oo

Bl Pk o pfEEL > RARE
100% 1% B ' % 5@t 68% 4
99.32%%p REFE Y & 7 E b B b G E L R
P MEIRT 35T M A4 d 67.26 B BT 5225 & o

A ERFREY > REIEPEEI DR A
BARG R P X5 HE D 6.76%
TR Sari?P RAGELRE I Z ARG
2 Tagd &R d 9098 &' K3 66.79 B -

TR R S SRRl JOS (R A S e
FUFHRT o RINEE B Y A BEEPN R
2 Fenvhtpe 4 § AR L EPR TR Sk
FRE > LB-F|ie R/ oo

?F K D



44X THHRAR P FE TenTH R

MEFRRFERE T & TR
F 2 2ot A ERELEETHE T F L2 & F
AT PLR o

hE T AR GERE B PR

Ren™ sk B o % B eys
R R BEERA BN BT 2L
dfs fi A 0 kAR A AT Xm;ﬁ ;\:a%ﬁ
s e SRR R F R Rk A %FREi

FHA ARG RAAERREE L R
SRR Ay R HHLE 4 o Flp o B G Gr g
BERIF

27 THAKAGR EENL R G R4
Ay | L | B (20~60 | =60 B
4 | 4 | 4| LR | 4R

1
W | wE | we | T | Tiog
TE)J;
95.30% | 4.70% | 0.00% | 21.20 | 0.00
(R3#E
TEJJ;
97.99%| 2.01% | 0.00% | 29.74 | 0.00
GE®)
KA
. 0.00% [100.00%| 0.00% | 23.93 | 0.00
(E#E)
KA
0.00% [100.00%| 0.00% | 28.11 | 0.00

GEE)

d 47 Bdpv oo TR | TR
f T b 1F > G K e R LR A
FHLble i 9530% o @ FeiNEEA Mt Al
TRVl - HHEELTT 97.99% 0 # A % >
it PER Y 470% *E LD 2.01% o $30 N
¥R et B 1T R BN R
Ptk o BB EJRR ARG 3 MO ER
LA R G o

AR ELEE RS T R LE
FEEA ~ 0 R PEH TR 100.00%
L LR Gl AR TRk LG 3 AE
WL e E LE 0 A PR B PR VAL AR T B
20 R~60 A2 B+ i2F + 21 % A% T b G o

B e 0 B A GPEINT 0 6
£Rd 2393 RS0 2811 B o KRR ik
Poo P AR E RS BF 2 TA gL
TRIRR LA R 0
BEH e { FrIE BB BRI AR Lo

Hoar § Suigen

45ﬁﬁﬂ@§##&
By T RGE T E pF ST AF s 2 #5448 (Kinetic
Chain) 5 iESRiz ™ Mh "G 22 T 33X & B | 2
Wit (AeBl 6 HTom ) ABALF A AH D T AL
W EHEELD 2P G hn T IR
c LkF T TR
BT LI RGP T R B RN A
v ende (TR AR R B S Hik A
S EREN S SN WS
ERUE AN IR ARt SR R Y
T (McAtamney&Corlett 1993) - #ka »
pefihigy £ 15 A% BT S LI GRER
FOREART T TR ET B AR
EJRR 3 Z A g b A meep Jag
a4 AT AL RS R R R AR A S
FRpaERLAY -
e Pk 2EET 2 F AR R f
A AR - NE D B S R S S ]
s Teb 2 ) o LS 0 R
Iy

SR ARE A A B DI H gt 2

+

B Anboc b Rp 427 RES L 564
B2 Tk 4R p 6293 RE LI
7415 B o

¥



A O HBEITTEA Sh < AR
100.00
80.30

80.00
61.50

56.40
60.00 0.15 54.20
4390 42.7 3930 9.90
40.00 35.70
20.00 I I I
0.00

BERRE FERR IR R TR

R e A

W6 &~ $RETER b £ APF

Ty P SRR LR RIRA
R B HERE O R 2 AR AL B
FERBOTI X 2R BT HREE “ﬂi%ﬁ
R FomgT > BIRREAL @R 3 D
ﬁ%ﬂ,iﬁﬁﬁjibiﬂﬁﬁﬁ$%ﬁ§’i
PR R AR T RS AT R
THELETERAFRAR ) L RERE

5.1?2‘..%%

E PR R mfﬁftwﬂ"i‘ﬁf’?ﬁ ERE (I
MediaPipe % %'3% ~ Kinovea % B Sz 2 4 ¥l
o o EHAFREBR TR TE L
jﬁwT%iﬁﬁgﬁ%ﬁaﬁﬁjepiﬁwﬁ
FHEERER -BRGZHFEE WL AN 2k
uimﬁf; V¥ _;_L*Fi‘ou‘fﬁ-%-x}::}fifﬂiﬁm
BLodrdE S EHEAPRCFREFIFE K o
S11AERBEERZESLRETERER

#* MediaPipe % %' 3¢ # fe Kinovea it
bl

Moz - 28GRI BARAT 0 LR
B 3 FOBERETES O BELREH

ERFREAN LR P Y T
MINE I AR EEBH S B R ERE R
ERECE IR S R S ol S R
B bR E 9530% 0 RBEom X R i B @I & A
B R I TR T R R 100% hE
LERO G B G B REE g B o

1226 R R ]

NS SETIECER FE L I EET

B AR EF BT L E I R RaRE

Witk 2R pEE R AR 6E 5 L BE R

AR TR R RS 1 RS- I K S
Y

513 TP LAFWELEHEAN » % F

TR AFEE N~ L P B R
b b EILIEEF enlp A okt
EX SRR R S A
METE SR RL LR DD AR
BHIX 2T ELRFTE M 2R

PR P T

A% rE o
z@4ﬁﬁﬁﬁﬂ=?%ﬁrﬁ@%ﬁﬁm%%
AT 2 A M TR FREL
h oA AR T % im%ﬁ”@ﬁﬁgﬁw
BRSERLR R
LR B AR H T BRI LR
PROBHN P GEE RO EEHE N
Fret kAo e BRI R FLR S S enE B L g
BAS 0 IR 3 ) PEREFET il (TR o

P
=

“‘Aﬂ

Ao

3 ) PR E pEiceniR % o 22
TSIy RIS N

1. ﬁ:}f'c*g LI ISERNY S )
REZA T HEF R

R R FES I MR G T T I
ghd I i Bl o
zﬁiérﬁﬁﬂza%%ﬁ@%T%;ﬁﬁg

PR % - REIRA ERE B ERE
EZEHH G A DREER
SRIEET R AR LB R o

2L H
> B H O~ 5 OB



521 B AR T ER

B AR pBREL R LR E L h 4 N
A B E R R e TRR R RE S PG A
PR 1IN A i UPT AR

511%#%%#%*1%%&mﬁ

e UG L XN EBIFEF LB B RAEE
Bk y iR E - BIREHE - BXem
HEG oA AN 3 ) DR R ARET
23 AR B (Id 3 L v
sed ) LB g RN E .

o AREE T ARFLT AR F AR
ArF pEE B A DA PRR BT R
oz { B HaRIRE BELIR TS
PR

s T L AETHETEEGESF AT

Ko BERGIFR LR ERE PR
TR RO EERE R 2P 4 48

A\ﬂ}'%{%: 7\‘..—‘{:_,— °

o AkEHm: HFTHL 45T H (SEMG) -
B 8 zg BRIEPRR & yveE e R ¥ TR

EHGEPN e R Y g KRy
BPERE] S AR PPEFHE -

miﬁ 1:.



10.

11.

12.

13.
14.

15.

16.

17.

6. %% %fe

NFCIR AL B (2024 ) 0 o priiit A e — A
v ..‘ééﬁ,?fug* FAL e Bop
https://statis.moi.gov.tw
=0 ] E}.%\ T 7 g (WHO)-X i B

FiE ke (2023) AR EHRAFRCE R o
B~p  https://www.ly.gov.tw

fFrcke (2023) - fad £ B 3.0—F ik X
s AT E T BRLIH2ZFER PP
https://www.ey.gov.tw

L (2016) RAFPRFFFA vop F 425 2
LETEIRTE (FLihe 0 R 2%
g

RM7PsFBEL R € (2023) gdLit o Bop
https://www.ndc.gov.tw/Content_List.aspx?n=2
688C8F5935982DC

¥z %\#i” Ay 41 (2018)- %"#Vi
LS o £ FalF e 2 AR RGN
(ILOSH107-A309) o #74# @ $#3% -
¥Ry 2 F%‘i?fé:é‘ AT 9 (2019)-
BARIRAZR 1 (F W ED AT o A9 L F
L %‘1%-’5 DEAFT AT Pop

https://labor-
elearning.mol.gov.tw/co_report_detail.php?rid=

904

1 F F (2018)° B 7BAEPELIE B vop F 427
T r il ) -

A ABFIIN (2022) - FE 15 2025 &# S #E 5
BAPF 1IAEEY PECEEE fiET
BB L B
https://www.mohw.gov.tw/cp-5273-71816-
1.html

it ARt e (2024) < 113 & £ 8 PR R
2R FIRAR R R RARPRAR R RN 44T o
A L AR o

Bre smAL (2018) AL 1 ivE 4
goep bR dr 2 A FlAARFT Y o AT
2 %‘1%5{ AR AT

ACGIH F = fe

American  Conference of Governmental
Industrial Hygienists. (2024).TLVs and BEIs:
Threshold Limit Values for Chemical

Substances and Physical Agents. Cincinnati, OH:

ACGIH.

Ammendolia, C., Kerr, M. S., Bombardier, C.,
Cassidy, J. D., & Hogg-Johnson, S. (2003). Back
belts for prevention of low back pain: A
systematic review. Spine, 28(4), 379-390.
Cardoso, M., Flor-Unda, J., & Silva, F. (2024).
Ergonomic interventions and assistive devices in
long-term care settings: A systematic review.
Applied Ergonomics, 115, 104115.

Jellema, P., van Tulder, M. W., van Poppel, M.
N. M., Nachemson, A. L., & Bouter, L. M.
(2002). Lumbar supports for prevention and

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

treatment of low back pain among home care
workers: A randomized trial. Occupational and
Environmental Medicine, 59(1), 12—18.
Ciriello, V. M., Snook, S. H., & Blick, A. C.
(1990). The effects of task duration on
psychophysically-determined maximum
acceptable weights and forces. Ergonomics,
33(2), 187-200.

Ciriello, V. M., Snook, S. H., & Hughes, G. J.
(1993). Further studies of psychophysically
determined maximum acceptable weights and
forces. Human Factors, 35(1), 175-186.

De Zwart, B. C. H., Frings-Dresen, M. H. W., &
Van Dijk, F. J. H.(2001).Physical workload and
the ageing worker: A review of the literature.
Occupational and Environmental Medicine,
58(4), 267-272.

Flor-Unda, J., Cardoso, M., & Arezes, P. (2025).
Assistive technologies and caregiver workload
in long-term care environments. International
Journal of Industrial Ergonomics, 96, 103531.
Govaerts, R., Tassignon, B., & Meeusen, R.
(2021). Work-related musculoskeletal disorders
in healthcare workers: A systematic review.
European Journal of Public Health, 31(3), 512—
520.

Hagiwara, Y., et al. (2017). Effects of a wearable
lumbar support on low back pain and physical
stress in healthcare workers. Journal of
Occupational Health, 59(3), 255-262.

Hwang, J. H., Chen, Y. L., & Lin, S. C. (2025).
Assessing caregiver burden: The role of
assistive devices and identification of assistive
device needs. Journal of Nursing Management,
33(2), 245-254.

International Organization for Standardization.
(2000). ISO  11226:2000  Ergonomics—
Evaluation of static working postures. Geneva,
Switzerland: Author.

International Organization for Standardization.
(2003). ISO 11228-1: Ergonomics—Manual
handling—Part 1: Lifting and carrying. Geneva,
Switzerland: Author.

International Organization for Standardization.
(2007). ISO 11228-2: Ergonomics—Manual
handling—Part 2: Pushing and pulling. Geneva,
Switzerland: Author.

International Organization for Standardization.
(2007). ISO 11228-3: Ergonomics—Manual
handling—Part 3: Handling of low loads at high
frequency. Geneva, Switzerland: Author.
Jellema, P., van Tulder, M. W., van Poppel, M.
N. M., Nachemson, A. L., & Bouter, L. M.
(2002). Lumbar supports for prevention and
treatment of low back pain among home care
workers: A randomized trial. Occupational and
Environmental Medicine, 59(1), 12—18.
Kumble, S., McLaughlin, K. H., Funk, K.,
Dekany, S., Ludwig, D., Farley, H., Stone, A. M.,


https://statis.moi.gov.tw/
https://www.ey.gov.tw/
https://www.ndc.gov.tw/Content_List.aspx?n=2688C8F5935982DC
https://www.ndc.gov.tw/Content_List.aspx?n=2688C8F5935982DC
https://labor-elearning.mol.gov.tw/co_report_detail.php?rid=904
https://labor-elearning.mol.gov.tw/co_report_detail.php?rid=904
https://labor-elearning.mol.gov.tw/co_report_detail.php?rid=904
https://www.mohw.gov.tw/cp-5273-71816-1.html
https://www.mohw.gov.tw/cp-5273-71816-1.html

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Tahara, N., Newkirk, E., Hoyer, E., & Young, D.
L. (2024).

Lephart, S. M., & Henry, T. J. (1996). The
physiological basis for open and closed kinetic
chain rehabilitation for the upper extremity.
Journal of Sport Rehabilitation, 5(1), 71-87.
Marasinghe, K. M. (2016). Assistive
technologies in reducing caregiver burden
among informal caregivers of older adults: A
systematic review. Disability and Rehabilitation:
Assistive Technology, 11(5), 353-362.
McAtamney, L., & Corlett, E. N. (1993). RULA:
A survey method for the investigation of work-
related upper limb disorders. Applied
Ergonomics, 24(2), 91-99.

McGill, S. M. (2010). Ultimate back fitness and
performance. Waterloo, ON: Backfitpro Inc.
National Institute for Occupational Safety and
Health. (2021). Applications manual for the
revised NIOSH lifting equation (DHHS
[NIOSH] Publication No. 94-110, Rev. 2021).
U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention.
National Institute for Occupational Safety and
Health. (2024). Safe Patient Handling and
Mobility (SPHM) Guidelines. U.S. Department
of Health and Human Services.

Roelofs, P. D. D. M., van Poppel, M. N. M.,
Jellema, P., van Tulder, M. W., & Bouter, L. M.
(2007). Lumbar supports to prevent recurrent
low back pain among home care workers: A
randomized trial. Annals of Internal Medicine,
147(10), 685-692.

Scheer, J. K., Kim, H., & Patel, M. (2025).
Designing and implementing exoskeleton
devices for nurses with acute and chronic pain.
Applied Ergonomics, 118, 104290.
Schigttz-Christensen, B., et al. (1999). Long-
term prognosis of cervical pain in a cohort of
hospital workers. Spine, 24(17), 1775-1779.
Snook, S. H., & Ciriello, V. M. (1991). The
design of manual handling tasks: Revised tables
of maximum acceptable weights and forces.
Ergonomics, 34(9), 1197-1213.

Trinkoff, A. M., Lipscomb, J. A., Geiger-Brown,
J.,, & Brady, B. (2002). Musculoskeletal
problems of the neck, shoulder, and back and
functional consequences in nurses. American
Journal of Industrial Medicine, 41(3), 170-178.
van Duijvenbode, 1. C., Jellema, P., van Poppel,
M. N. M., van Tulder, M. W., & Verhagen, A. P.
(2008). Lumbar supports for prevention and
treatment of low back pain. Cochrane Database
of Systematic Reviews, (2), CD001823.

van Sluijs, E., Preethichandra, D., & de Looze,
M. (2023). Work system design and
musculoskeletal ~ disorders in  healthcare
professionals. Human Factors, 65(6), 987—1002.
World Health Organization. (2015). World report

45.

on ageing and health. Geneva: World Health
Organization.

Zhang, X., Tai, D., & Pforsich, H. (2018).
United States registered nurse workforce report
card and shortage forecast. American Journal of
Medical Quality, 33(3), 229-236.



Investigation of Workload and the Efficacy of Assistive Devices for Home
Care Workers Using Postural Analysis Techniques

Abstract

With Taiwan entering a super~aged society, the
demand for home care services continues to increase.
Home care workers are frequently exposed to high
physical workloads due to repetitive caregiving tasks,
leading to an increased risk of musculoskeletal
disorders. This study applies posture analysis
techniques to evaluate working load and the
effectiveness of assistive devices. MediaPipe was used
for pose estimation and joint angle calculation, and
Kinovea was applied for validation. Posture risk was
assessed based on the ISO 11226 standard, and
comparisons were made between conditions with and
without lower back support devices. The results
indicate that the proposed system achieves high
measurement accuracy under optimal conditions, with
an average error of 0.48 degrees. In addition, sitting
rehabilitation tasks were identified as higher~risk
activities, while the use of lower back support devices
effectively reduced trunk flexion and upper limb
compensation. This study provides an objective
method for posture evaluation and may serve as a
reference for improving caregiving tasks and reducing
occupational injury risks.
Keywords: Home Care Workers, Computer Vision,

Low Back Support Assistive Devices, Ergonomics.



