RS b I SE A BN LA B SN BB 5 B8 55 & LLehE 72

i 3
R EBARGBARENBIA B R E I
B8R 5 Z LB R
wIEY? [gEAM ZFBE R
" TERE T

Ed =]
2 = v Ex 2 sz
SNBEBELBENHEE
J=E

P BIEEE AR

BEIRT

BE

WFFEERY « AR ARE R H ARG AR R i - 22 MGG RIS B TSR
K FTBYE - R R e iz BRI i) b SR e LA AN S S5 B 55 KB 7l
SOEACEERA R - - TR (BESERE - ST DIAE 8 S 8
B SRR © ik« ARWPSEER T MERT Seik - SRR T NEGEARSE TR - S THR
B R BHE - HEH000 AR « FER - AEIEICEIEE AR T - SH(1525.7%) kS
AB(1i38.6% ) R WA B B AN 0 AR A o TAFMEE B B B S5 R A TAER - B SRR
H B A EHEH BAE RRER ST - HArigofE H DL A IRES RIEE 589 4% Rl % 5 Tt
(23PM-7AM) IRfi] bz EHES— HE R B e F SRR 7 FE A e H B8 S5 BB B A A R T
SYAELERILY - RRESW A KRS « 20 - ISR - HEE THE
B RETHEE ST » MEHR R RS RE - Al SRR A BN TIFE B - BEkHH
B TAENUA B AN E SR 5o IR B 22 5 ERIB e IR R MRS IR - sefit & TR
WA B G SRR ER TS - AR NN B 8855 b o % 4 -

BASEEY « EiiE - B HEREAE - NIAEIRAHE - 578055

REI1025E7 H29 H sk - REJ1024- 10 H4H 2dk - KE(1034:1 H20H 52 -
RS « BRAEE - 1TB s TR A g% TR 2 AN - B1E4 © yayvarn@mail.iosh.gov.tw °

27



S TLERHAENEST RE10353H B8R 1Y 5H27-36H

110

A oE R i R E A R TAEEE - £
ZHEFFARAE ~ ARI0R ~ ARAEESL AV ESE - IR
1855 T2 B e hl 8 & A SR BUR[1]
RE{ 10147 H B3 e A BR 14,836 A - K4
SO H R E TR ARG T - [FARAR Y]
TR ~ ETHL ~ ARG - SRIRFTH SO B B AR
AR 055 B TAE » BIREME ARE
BHEINSEE TR > 25 [N B A E
WAz —[2] » BF &t Fethis & TIFEmy A4 B
A o A BEA TR - FREE -
WS AT A R 284 ~ se YY) ~ #E ~ 97 ik

I

=g

~ HEMERN T 2EIREBKRYE

3'5] %T%U?AEZEQEE]:VF KGN TAEE
1EI8 ~ S~ RBEREL6,7] » IR E T 1
6- 12116 H B9 T/EHARIZE A [8] - H S Kk ERE 1 T
TERIRSH RIFAEAHIRIZEEY ~ B BRAY I B R A
TEENEIE - R — e EEEERE - B
@#EW%EEMWF“&WF BB EAE
Eg‘ B R RE A WAL - LR
T~ (SR R RS ) TEREESESS 1 0 LA
fhfhfhﬂk$ﬂﬁmfh S R 5% 1L m[0]
Schreuder KJ’siff5e#s 8 » BE4E55 T N imLL
T R - HIEKERBER LN G TI/FA
fif » SRR B F e B Y Y A R S Y A

e RSEA A AR & THLA B I S ge 8 AL

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%
man | ma | s | e | e | T | g | gpen | B | g | B g | PR | g
i 5 o 5
F48
e FHE FH
.%@ﬂ 4.8% | 27.9 [ 419 | 116 |7.1% | 25.6 | 2.4% | 20.9 | 4.8% | 2.4% | 20.9 | 4.8% | 9.3% | 0.0%
-ﬁﬁﬂ 2.1% | 22.9 | 33.3 | 8.3% | 6.3% | 6.3% 6.3% | 25.0 | 2.1% | 2.1% | 22.9 | 4.2% | 8.3% | 0.0%
.%ﬁﬂ 10.0 | 30.0 | 50.0 | 10.0 | 10.0 | 0.0% | 0.0% | 20.0 | 10.0 | 10.0 | 20.0 | 0.0% | 0.0% | 10.0

28



SR b I SE A BB SN B 5 B8 57 & LLehE 72

RZBA[10] » Jansen JP FFSELLI76907 38 & 52

8 G E R W TR A e e e
20° ~ 45" BT BGE R B T 102 T HY 2
BB A sREEE - 0 NERERE R IRARR
PEMEE TR fhGT - RETR RE w8 ke 34 S FEATG
FOREGEE 102 T S e AT bl N 22 A
EHERE 1] > e — 208 B B TR AR A
SEBEIN e S gl e SEN—lINE

W55 e IR R LSS BIAT S [ - H & tEhE
& — TS R e R A RS B REDIGR. © 55
o LERERAE BRGES o LB S5 S TN E A BRZ B)
B~ 15 BERECEEE K - EHE S T
JIEf RS R LG RRESS - BINPBOESS
WIRIA > MEAEENE (8 FFRILAS
far ~ KEHERSR ~ ESEELEN) ~ fESRERE (IR
W~ R B - AR TRE) ~ TAERIE
CTAERFFRIRIER ~ AR E S B R R o
F) ~ Aeihfeert (SRR ~ R R B IR
A ) M LAEERERE ST (A B SRR
Dl [12] » 55 TR 2R At sehr (DU A
Fit) 20044 TAEERSE L 2 i A IR DR AT A 288
B 1A DA TAEE R S e B
42.7%[13] T TAEGLT ) s - B o TREuE
[14] > e TAEERER RN 8 A EI—
i B fE R RISR - ZERiR S ST 36K i i
SHRDURA - SR TR IR ~ TIF&A
i i B S TR e 5 A e S DR G
(RHETM) mRBHHA[15] = Song YK{iE300%
7 1 e BE HRE I 25 TR - B3 H R A
RO TAREOR - B SR ReRE 2RI
r=[16] °

BNLAE A ENTTT - B AR RS
VUESE ~ BACE ~ JEHasE » micE ~ BRI
R ~ AU R IRER SR A TR TR B R AH R IT
FEL17] > AT Rk S b B 5 Sl e

29

o WHFE LIS EHIURE K AR I R MR B R B
BN TAEREE D o KIELARZE LIRSS B
arta B IE A B R se i g - A B
RE ~ SOBFTE RS SEL R < e 2 Bl 55 A
K ENUA A ERALE D -

HRISE

1. WFFEE R

S Y A B R AR B A [0 i At
FGARAE ~ FEATAREE » BEME ~ kR BB AR
HUFBHN ~ FOTRIREE  ARXWIFE LB =
[ A R e 5 T £ S Al B A BT T
TSR E AT 1304 - AREARUR100
o IRTAEN A& DUT =4 (A2 ~ [&3) -

PR CfEREE R

-~ SER ARELE RS STERE - MoE Y bR,
Lol AR ETHUREEY] - R - ERERE

9 AR IRAERITEOER IR

MRIHE

GBI 55 AT IR B 5 AL 2 - PRATH
A E SRR W5 RAgk - InEThg
LR~ HELEHG ~ LB ST B MRS
TAER ~ 55 R IR BAEARSE © WLPAVE A8 2
FIFALEILA B RS (RENMQRE ) fylk
B - (5 RUEIREMAHRA R 7EBR 3 18-20] - EfT
R S (e NS PSR (S]] NSRS g S )
S~ B~ EEE > T/ > NEEY
RS ~ KB ~ TR ~ /IR ~ R ERETREIHE

fREt DT

ZERRPISREELISPSS 17,0485 MO MEA T
EERISMIT « DUBLERE 2B TIRAZOR B
LT AFPER < 5 U - L T4



FTREMEMEST] KEI103537  HE28H U] 5H27-36H

2 St ST B TAE B T Bl i A
P Bk B

o3 #t(one-way ANOVA)RRE = TFHIRE 2
A ET 22 2 R 8 %E (chi-square tests) 24T
ANATAEB M B THEN S I TRERHE
TR ETHAE/KME a E]R50.05 -

TESR

1. RS RA TIRREE R T2 SRR
AT G AR ST BT - B0

30

I3 3 48 2 5 T80 T 0 I T B B AR 9K
g) - st

6417 » 21360 » S ER Fed7 4% o 3FE T
{ERIREZ B T o0 - 258N HI4007 (1540%) -
[RERSON (550% ) KA RI100; (5
10%) » MR ~ R ~ TIEE & R -
TEARHEBIZEE » B5T% ARG H » 43%
M AEEEEE -

2. SRS TR LA P R
S8 L B BT



EEREE N S

(e INSUINALE g iR ST EaEn i

A3 TAEEE & THAE A

£ B 5 e 8 A AL ISR 15 7 DU R o0 M

% > EEAEELE A E27.9% vs

41.9%) 5 ((FEHRI22.9% vs 33.3%) 5 (HFAHI30%

vs 50%) - TINTBAE ) AR IR AT B R S A R

WIEH > T IRRAEI BT o ANEPIR DU R S
EYRIWIR - AR LA o

AR R TEMEE B T H S8 57 ik

i

H S0 55 1 I B3R A [F] TR A Mgt
BAERHRRANZR L > SoEh e [ A R T AR B ol
WAL B SRR REH S R R EE DS - D5 R

RELIRF ] B HE e R AE 3T AN 5] AR 1 S e T
BRI - (HES S0 Bh B OB Y B TR 55 158
RFf] R 2-3 K e 68 H DL L LBl i % - R ERUAY
77 R T /NI ’ét{ﬂﬁlﬂﬁlﬁﬁﬂlﬁlﬁ
IR © 98257 fEh%ﬁﬂEﬂLﬁ:Ru%
B IREMETRS  HAEX ;‘%EF'LJ%H%
fﬁ23PM-7AMHjF"ﬂE*FE9§%' (1579.5%) - E
HER AR IRFFEIAY - AR S e ~ O3 b AR R
W55 H 2 AE LI —H (EELKJ}SZ 8% ;
DHEZ46.0% ) » YRS T H Ry AN
(B HE5334.4% 5 LEESZ57.3%)
e[S

/n\

’ ZZD4

34.4%
wR _su_

u BT
u B

. 32.2%
% [ —

0.0%

B4 FHLEE

10.0% 20.0% A0.0%

A0.0%

IFESIZEIPN

S0.0% BO0.0%

31

57.3%
LS - 16.1%
- 3.4%
L h 126%
_— 9.0
==% [ o

12.4%
B0

18.0%
= [ —

O0% 100%  200% 300% 400% S0.0% G0O%  TOO0%

IS LI e 55 Bl e N ES R B

u.ETES
u.[
WoE

1 EREAFETERNEE TR
T3R5
HH TIEHE i
I{%EE SEA AR R AEE pvalue
(n=40)  (n=50) (n=10)
TR 0.004
i 2 0 0 2
50%  00%  0.0%  2.1%
few 5 5 0 10
125%  109%  0.0%  10.4%
e 18 38 9 65
450%  82.6%  90.0%  67.7%
Py 13 1 1 15
325%  22%  10.0%  15.6%
te2E] 2 2 0 4
50%  43%  0.0%  42%
ISR 0.084
23K 10 12 1 23
313%  267% 11.1%  26.7%
AR 4 6 1 1
125%  133%  11.1%  12.8%
1HA 0 5 1 6
00% 11.1% 11.1%  7.0%
1HLLEE3AN 2 2 3 7
6.3% A% 333%  8.1%
SHELEE6HA 2 4 2 8
63%  89%  222%  93%
6HLLL 14 16 1 31
438%  356% 11.1%  36.0%
IR 0.062
FHE 5 5 2 12
(TAM-15PM) 147%  143%  50.0% 16.4%
FHF 1 1 1 3
(15PM-23PM) 29%  29%  25.0%  4.1%
Wt 28 29 1 58
(23PM-7AM) 824%  829%  25.0%  79.5%




FIazEmEmeRt RE10343H  F22858 1] 527-36H

AR B T H RS IR A A IR A
(1554%) ~ It TAE (4534%) ~ = KS
(1531%) - TAEMERER - HATNE T T

TEE AR TR REA « TIERJEREL
I 5 R B TS IAESS LBl
HECTHINLASEITREIR 5 FE55 88U B g A0 5
TZYFEmIL - AS BRI 8 TR Rt T
TEE G R R B 57 IR K] 5 E55 Bh i B [ 75
W& T ZBAEE AR Y - IREER L TAES
B T35 TGRS RIS ~ iR R o
WIS AR ATER2 -

SH- GIT. 2z = =t =2 33 &Y
2 EHEAE RN BT H SRR
TerE  SEE KER B MGt
Al (M=40)  (m=50)  (=10)  (n=100)
7 7 3 17
TIER#
fRREA 100%  140%  30.0%  17.0%
TR " ’ >
T IR 300%  28.0%  30.0%  29.0%
Efif T — 2 2 0 4
= 5.0% 4.0% 0.0% 4.0%
0 0 3 3
4SS,
R 0.0% 00%  300%  3.0%
0 0 2 2
L2 0.0% 00%  200%  2.0%
IfE
0 12 1 13
:%,féﬁ\ | ;}ik'
%Er B2 0.0%  240%  10.0%  13.0%
0 5 0 5
g
At 0.0%  10.0% 0.0% 5.0%
—_— 17 31 6 54
42.5%  62.0%  60.0%  54.0%
WE 6 6 2 14
i3 IS8
717 ARSI 15.0% 12.0% 20.0% 14.0%
pae— 8 5 0 13
200%  100%  0.0%  13.0%
I 17 16 1 34
LIF 425%  320%  100%  34.0%
I 0 5 0 5
R
Rl 00%  100%  0.0% 5.0%
e 13 12 0 25
E 32.5%  24.0%  00%  25.0%
BRE 5 2 0 7
S
g CORAR 125%  4.0% 0.0% 7.0%
o 15 15 1 31
HERAR

37.5% 30.00% 10.0% 31.0%

32

g-:é

FHARWFFEE R E A B =M TAF M ErL
PAVEF B AN e S5 B Do AR - B I L B S
SrEpil ~ OB R AR B T S iR
FTELTF0 ~ TS o 2 JIL PR 19 A 508 A g LS
fi7 o FRSERRSET H LE - B B SIS
M AR B b 25 20 i DU B 25~
TEUE IR - R B BIE B (EEF
/Tl ) R s bt EEE U R
SafE e B Bl o R AL B AR TR
B o AR W e H LA
HRERE TEam AR - S RRRTAER
HHBHRTSE - Blader ST AFHALAZK Mg 1 552
WAEERRIER > K131 AEHA R EEE
FRPIA[18]  Onishiu NTE AGHA FRUFFH GG
R~ REDCHT ~ BOGB R A ~ ZEIRTE A
= B T ZSHTTSRIRER - SHEFE BRI X
wEIE - BB RN AL E B A BRI
befg - WFRRRRIL AR TSE - RS LI
TEBRIERRE S TS - e AT B T3k
S BREAEAE3.805 i - NFEEER
WS BN - S 10%-30 % SH 0L S it
JilUEcK B ETERUGETT - SN & far B 5
FREL B S R RN 55 » B R ig
LA B8 AN AR BRI IR REAR B R B 5
[19] - Ohisson KF NS A EGEELMETA > 73
AL R 820 45 S 78 T B Bl 64 (7 8 S 7 M B Y
SHTR/ B ARAEREAR FL i - FE 2 B BT AR Al
ortfr - BB BRI R R TR B BBk
FEACER TR I - S EEEIRE
3.6f5 b - W2l SR N E 4.6
Jalbe - R ISR A 3. 665 SR ([ 7] » Burt S
fEH BN - TR B
iy 7 RIPMERFAERFREZ S, - IR 555085

anp
ou



SR b I SE A BB SN B 5 B8 57 & LLehE 72

ERFYE » FIEERZE TEIE - B3N
S~ JBANE[20] o ZEIRITIRER I FE g B
[ TAE e ESE R g th & T
T o & TFEROE A ) 28 R S
H - BRI EIERE ST - BTSRRI
WYY - Roelen CAfRH T T8RRI AESE T
AN o AR YRR 25 S S 55 T ok ey S e ok
DU R4 [21] -

WEELRGEE - WA EEITE
SRR YS,  EAEENE - 2 S IRE)
BIEFRE TIE 2B TAEFERINY R R B R 3 2k
B - Marras WSHgHE TAERR$kE E A4
JIETT - WIEST A TR #GE N L 58 &
Y SRRIEEEE  EEAEREER
BAS0T o BOREEEE FRERELA ~ BT RIRIET -
TIZREE ~ T J & R A HEAE RS
FEZRI LR AR 8 B [22] « B g\
FONF 20907 (HER24 1 EESE T A - LT
HRNAERIER - LEAIEE ) & K RrIR
Gt SMERAE T FEaHEGEIIAE
BEREAREAL o FEIRIARRRTE « BF o2 B < i
JEES S B TR 0 1. 8 A5 Ry T i Es
Mt E R HEE TN TFaimKE » BEEE
TS H 4 MmN TERE > HEET
HIHBRAE AR RERY TAERIRE (23] - HEGIL ST —
TR BIERR » AT LB E A SR
213G HEEERME - FRREER 265 - AU
21365 « ARG e T - KKHT
TR  HERHGEAURSMFEEEY) 20K
RE A EHE TS R AN E BN # R
B AL

AR FEIE AR S B 55 G R FHone-way
ANOVA#GET 33 » 3T R TAFMBEERSS
LR SRS RHEI I R I PE R - DRSS
B BT EEE 1 (p<0.05) » HAE R

33

JERISSEITY (1517.5% ) M2 ki H B IESS
TR SR B (1510.9% ) -+ A5 FRHEIT
e [ R 23 R B et 6 1 H P i USY iy
M B AT - ARFEOE H DL e M55 B
PS5 % B s Melamed et al., ifF5eB S S0 g 18
PERE S5 B 1 HIIRA[24] > BB BURRTFE R &
5 -

TR E I TAE (M E23RFE R BT
RF) - Ry AWT5E2 BE TR BRI 2 55 Bt
X o AL BERREZ H RIS ERA AT B 1 24
FEFRIAERES - MRS S BDCHGE IR 8 DU
FH R BB R EE RIS E BT - YT
1B - AR TAERF A IR - HAIZ S A
BEIZE » ORFF TARIRRERIISIE - S NEEER m LA
HEEEE > AR H Ry A B A IR RE T SIS T -
SRR RS » ST e AR FRR AN I SR B2 (28]

TEARWIFE L A FR > TAEREJBLENR
MR 2 3T AN A TAE B A I A 57
2R o PR3 TAEAYRE B 0 95 55 IRIA L
MR EEEGIRIEAR - KSR ETE

Hro WAL R SEMEIBK S - 225
Ll - TS BR AR R EH - WAEE

M ] RG2S 7 A O it ~ BRI g
B BRI A R B S R e SRR R
USSRt /AYN S ERESEE i kYA
PH# - TIFEA ~ TIERJT B R R A
G fuf By H B9 55 LR R A 2 - b3 B B
Roelon CAZEI S TAEE A B OB TIFE
Ko BH S TR E s — 2 21] -
AWFEEGRE XA AR - HEH LI
WS — Ry B LI 55 1 EIER S - BRI
5 TAFEAE— B0 AR - Az i
HRINRE » IRMRIRE A FE IR - A DRSO
BGRELRE 5 ERBORE R - AT TROAH i EE T
0 TR - SR R » BE



Sl LEmAENRET] RE103F3H 2858 U 5527-36H

W ~ MRS ~ DU PO i A S BOURAE
fRFHEAR » BEARAE BHER — RIRE IR R 55 -

G5

AWTFERE E GRS A E TIEEE - &
LA B BN B ST IRI 22 A T
ERBZWNERT] - 08 KEENSEEA
faf > el B E IR - WA E S Mg
R G B AR RIS ; HEE T TIE
EREHB S IR ST - IR R S A i
A o MEARKIAR SZ PRI B A IR - (2L
B — R TRGEI T FT R AT FER ] - ke E
FEASEMRSE & T R & A e
Wk R I B il B I 7 M A S A AR B
b7z 5 - DU B TN i SRk
T R THINEEEREIRA  fReF
TAFRIF LB A SR EE - fefbEs) 2

(AR - /S - G%GES)) - &I TE
HRTRERINLT ~ Wit o BB AT BN - fEE T
BEE — 82 R R TAEERET - LA E S
155 B S s A R A T -

Bt
KPR TR T R A G T Z e
WS 1014E FEHTSEH B (I0SH101-M318) 2

SCRF 0 BEIEEREITE - IEEATERE 2 EE
R -

233K

TTEbss TR EE - BRI &A%
e aEAEIH - BEWKES
2013 -

Hettinger TH. Occupational hazards associated

(1]

(2]
with diseases of the skeletal system. Ergonomics
1985; 28: 69-75.

34

[3] Andersson HI, Ejlertsson G, Leden I. Chronic
pain in a geographically defined general
population: studies of differences in age,
gender, social class, and pain localization.
Clinical Journal of Pain 1993; 9: 174-82.

[4] Garg JS. Epidemiology of low-back pain in
indus-try. Occupational Medicine 1992; 7:
593-608.

Kuorinka I, Forcier L.Work-Related
Musculoskeletal Disorders (WMSDs): A
Reference Book for Prevention. Taylor and
Francis, London; 1995.

Devereux JJ,Vlachonikolis 1G,Buckle PW, etal.

Epidemiological study to investigate potential

[5]

[6]

interaction between physical and psychosocial
factors at work that may increase the risk of
symptoms of musculoskeletal disorder of
the neck and upper limb. Occupational and
Environmental Medicine 2002; 59: 269-77.

Ohisson K, Attewell RG, Pélsson B, Karlsson B,
Balogh I, Johnsson B, et al.Repetitive industrial

[7]

work and neck and upper limb disorders
in females. American Journal of Industrial
Medicine 1995; 27: 731-47.

Veiersted KB,Westgaard RH, Andersen P.

Electromyographic evaluation of muscular

(8]

work pattern as a predictor of trapezius
myalgia. Scandinavian Journal of Work,
Environmental and Health 1993; 19: 284-90.
[9] Leino P. Symptoms of stress predict
musculoskeletal disorders. Journal of
Epidemiology and Community Health 1989;
43:293-300.
[10] Schreuder KJ, Roelen CA, Koopmans PC,

Groothoff JW. Job demands and health



SR b I SE A BN B SNBSS B8 57 & LLehE 72

complaints in white and blue collar workers.
Work 2008; 31: 425-32.
[11] Jansen JP. Effects of measurement strategy and
statistical analysis on dose-response relations
between physical workload and low back pain.
Occupational and Environmental Medicine
2003; 60: 942-7.
TFRJT - BRISE ~ TR ~ i - 58
W55 T E TR © 25 TR R4
FeFrEk s 5 1993 -
[13] 43R4 ~ BRAKES ~ BRIRY © 93552 {R#E T
TR R ARG - 25 T4 %2
T AEREAThT S E R 5 2004 o
[14] FRZAE ~ Tk - BRARE ~ BRI ~ AR
A4~ BWPHESC © B R B S5 AR DL
BLAHBAIN R - 2L A RS 5 2007,
26: 75-87
TR ~ BPHESC ~ BRSEAN ~ BESCHE © B
TN AR R I A FHBAIRIZR © LA
L3655 5 R B Tl - 4t
AR eSS 2008; 27: 463-77 o

Song YK.Job demand and cardiovascular

[12]

[15]

[16]
disease risk factor in white-collar workers.
Industrial Health 2010; 48: 12-7.

[17) WG BRI SRR I3 Yook
K EHREERA BB R
W% - 55 LLRWAENRFT 2012; 20
478-84 -

[18] Blader S,Barck-Holst U,Danielsson S, Ferhm
E, Kalpamaa M, Leijon M, et al. Neck and
shoulder complaints among sewing- machine
operators: a stndy concerning frequency,
symptomatology and dysfunction. Applied
Ergonomics 1991; 22: 251-7.

[19] Onishi N, Nomura H, Sakai K, Yamamoto

35

[20]

[21]

[22]

[24]

[25]

T, Hirayama K, Itani T. Shoulder muscle
tenderness and physical features of female
industrial workers. Journal of human
ergology(Tokyo) 1976; 5: 87-102.

Burt S, Hornung R, Fine L. Hazard evaluation
and technical assistance report: Newsday, Inc.
Melville NY. Cincinnati, OH:U.S. epartment
of Health and Human Services, Public Health
Service, Centers for Disease Control. National
Institute for Occupational Safety and Health.
NIOSH Report; 1990.

Roelen CA, Schreuder KJ, Koopmans PC,
Groothoff JW. Perceived job demands relate to
self-reported health complaints. Occupational
medicine(Lond). 2008; 31, 425-32.

Marras WS, Lavender SA, Leurgans SE,
Rajulus SL, Allread WG, Fathallah FA, et
al.Biomechanical risk factors for occupationally-
related low back disorders. Ergonomics 1995;
38:377-410.

Baron JA, Mott LA, Stern RS.Risk indicators in
the psychosocial and physical work environment
for work-related neck,shoulder and low back
symptoms: a study among blue and white collar
workers in eight companies. Scandinavian
Journal of rehabilitation.

Melamed S, Ugarten U, Shirom A, Kahana
L, Lerman Y, Froom P. Chronic burnout,
somatic arousal and elevated salivary cortisol
levels. Journal of Psychosomatic research
1999; 46: 591-8.

Chang YS, Wu YH, Su SF, Hsu CY, Chen HL.
Kaohsiung J, et al. Factors related with the
ability to maintain wakefulness in the daytime

after fast and forward rotating shifts. Kaohsiung



L LEmAENRET] RE103F3H 2858 U 5527-36H

Journal of Medical Sciences 2013; 29: 611-6. A Pilot Study. Behavioral Sleep medicine
[26] Costa G, Accattoli MP, Garbarino S, Magnavita N, 2013; 14.

Roscelli F.Sleep disorders and work: guidelines [28] Wright KP, Bogan RK, Wyatt JK. Shift work

for health surveillance, risk management and and the assessment and management of shift

prevention. La Medicina del lavoro 2013; 104: work disorder (SWD). Sleep Medicine reviews

251-66. 2013; 17: 41-54.

[27] Lee KA, Gay CL, Alsten CR. Home-Based
Behavioral Sleep Training for Shift Workers:

36



A Comparative Study of Work-related Musculoskeletal Disorders and Fatigue for
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A Comparative Study of Work-related Musculoskeletal
Disorders and Fatigue for Blue-collar and White-collar
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Summary

Purpose: Paper and paper products are goods used daily in ordinary life. The production and
manufacturing processes require manual handling and machine operation. Since the process involves
the use of force and repetitive actions by the human body’s limbs and torso, musculoskeletal
discomfort and labor fatigue can develop. By investigating employees of the paper industry, this study
provides a differential comparison of musculoskeletal discomfort and labor fatigue for three types of
labor: blue-collar, repetitive, and white-collar.

Methodology: A cross-sectional study method is applied in this research. For a certain medium-
sized paper manufacturing factory in the northern area, on-site observation and a survey was conducted
with a total of 100 effective questionnaires.

Results: Among the paper manufacturing employees surveyed, necks (25.7%) and backs (38.6%)
were shown to be the body parts where musculoskeletal discomfort occurs most often. The type of
work and the self-aware level of fatigue are correlated statistically. Blue-collar laborers often or always
experience fatigue, and those blue-collar workers who feel fatigued constantly for six months comprise
the majority, 89.4%. Night shifts (23PM-7AM) and the first day of work each week are the shift and

work day when both white-collar and blue-collar workers experience the most serious fatigue. Blue-
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collar employees of a laborious and repetitive work type spend most of their working hours on-
site on the production line. Blue-collar laborers are more often exposed to source fatigue such as
heavy workloads, environmental noises, high indoor temperatures, and moving, whereas the white-
collar employees suffer more from weariness of mental strength, pressure, and lack of sleep and rest.
Conclusion: Due to the different exposure sources of fatigue of the different work types among paper
industry workers, the resulting factors of musculoskeletal discomfort and fatigue between blue-collar
and white-collar employees vary. This study suggests that more attention should be paid to the factor
of fatigue and health improvement programs in order to reduce employees’ musculoskeletal injuries

and thus effectively decrease any occurrence of musculoskeletal injuries and fatigue.

Keyword: Paper manufacturing industry, Blue-collar and white-collar employees, Musculoskeletal

discomfort, Fatigue
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Introduction

The scope of work of paper pulp and paper
manufacturing facility operation workers mainly
includes the production of pulp, raw paper
materials, and paper products. According to
the occupational wage investigation data of the
Council of Labor Affairs[1], the hiring number
in this industry is 14,836. During the production
process, processes such as pulp formulation,
cardboard cutting, folding, stapling, and tying
require long-term repetitive actions, and the
moving of paper products and other such tasks
are energy consuming. Such repetitive and energy
consuming laborious works are source of health
issues like musculoskeletal pains[2]. Many studies
have also proven that a physical job, including
heavy workload, static posture, frequent negative
postures of bending and twisting, carrying
heavy objects, pulling, pushing, hauling, and
repetitive works, is influential in the occurrence
of musculoskeletal pain[3-5]. Especially in the
event of repetitive work, workers’ pain in their
shoulders, necks, and upper limbs are more likely
to occur[6,7]. The pain symptoms present during
the working period of 6-12 months[8]. Since
medium and heavy loading works require workers
to maintain a constant posture and a limited scope
of movement of the limbs in order to maintain a
certain production rate, muscles are constantly in
such a position that fatigue of muscles and pain
often result in discomfort in portions of their
shoulders, backs, butts and knees.

Many studies have revealed that those blue-

collar workers involved in medium and heavy
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loading works are more likely to be prone to
have muscular pain in a clinical diagnosis than
white-collar workers[9]. Schreuder KJ’s research
research found that a blue-collar worker’s lower
back pain is more significant than that of white-
collar employees. This finding is because the
former are more often exposed to body work
loading, lifting and hauling heavy objects, and
poor posture from long-term bending[10]. Jansen
JP’s research, which involved 769 nursing
employees of the nursing house, calculated the
weekly working hours in postures of 20° and
45° body bending and the accumulative physical
loading exposure of lifting or moving loads over
10 kg. The dose-response effect occurs between
the body loads of the body’s trunk bending more
than 45° and lifting loads over 10 kg, causing
lower body pain, when including lower body pain
symptoms in a linear statistical model analysis[11].
Employment-related discomfort and occupational
health risk factors are also identified.

Fatigue results from overworking and
often involves a unique illness-sensed physical
hypoactivity. Fatigue can be either mental or
physical. The former is often caused by a person’s
lack of motivation, emotion, interest, and habits
whereas the latter refers to work-related fatigue as a
result of energy overload. Causes of fatigue include
work scope (active/static muscular loading, hyper
intensity, and dullness of work), work environment
(lightning, temperature, activity area, artificial
engineering), work system (constrained work time,
continuous working and planning of rest time), life
conditions (constrained or half-constrained time that

affect the time spent on hobbies), and adaptation
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ability to work (personal age and physical condition)
[12]. According to the Institute’s 2004 research
on occupational environment safety and health
acknowledgement, the fatigue index of workers in
the manufacturing industry was 42.7%][13], which
was highest among all the examined industries[14].
Said research also found that when “work loading”
is higher, fatigue index is higher. Body work
loading is a dangerous risk factor in formation
of musculoskeletal discomfort. Wan-yu Yeh has
conducted research on occupational fatigue for 36
companies in Taipei City and found that working
time and intensity and density of work loading are
sources of fatigue. Such findings are especially
clear regarding the blue-collar working class (men
in particular)[15]. Song YK’s research has shown
that white-collar workers are mostly stressed with
their intelligence and mental tasks while blue-collar
workers experience fatigue through their physical
condition[16].

Research on musculoskeletal discomfort
has been conducted for such industries as car
manufacturing, food and restaurants, semi-
conductor, electronic panel, healthcare, hotel,
and hotel cleaning services[17]. However, such
discussions in the paper and paper manufacturing
industry are rare. Research that has focused on
types of labor, high-frequency repetitive actions,
and white-collar office work is even rarer.
Therefore, in this study, workers of pulp and paper
manufacturing facility operations are the subject
of research where the types of labor, the causes of
fatigue for the blue-collar working class and for
the white-collar office class, and the body parts

with musculoskeletal discomfort are discussed.
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Research Methodology

1. Study sample

The manufacturing process for paper products
includes converting logs into pulp and other
raw materials, re-modulation, pressing, drying,
gluing, paper coiling, cutting, and packaging.
This study purposively samples a paper products
manufacturing factory of a cross-national enterprise
in northern Taiwan. The study surveyed a total
of 130 individuals with a return of 100 effective
samples. The subjects are classified into three

types (as shown in Fig.2 and Fig.3)

Class Scope of work

Type

operation of pulp and paper manufacturing
equipment and facilities; hauling of heavy
loads of pulp and paper products

laborious

Blue-collar
.. cooperating with production line to cut, fold,
repetitive .
package, and tie the paper products

White-collar office Office administration and computer operation

2. Instruments

Labor fatigue is investigated using a structural
occupational fatigue survey that includes items of
level of fatigue, time of continued fatigue, shifts
with fatigue, working days with extreme self-aware
fatigue and no self-aware fatigue, and the causes
and symptoms of fatigue.

Investigations of musculoskeletal discomfort
are based on the Northern Europe Musculoskeletal
Questionnaires (“NMQ”) and its credibility has been
confirmed by related research[18-20]. The NMQ
is herein used for work-related musculoskeletal
discomfort on necks, shoulders, upper backs, wrists/
arms, lower backs/butts, thighs, knees, calves,
ankles, and feet.
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3. Statistics

Data processing and statistics are carried
out using SPSS 17.0 packaged software for data
analysis. Employees’ basic information and the
fatigue and its causes for different work type are
shown by descriptive statistics. One-way ANOVA
is employed for population statistical variance
of the three work types and the chi-square test is
employed to analyze whether there is significant
difference in the prevalence of self-aware fatigue
in different work types; the statistical significant

standard ¢ 1is set as 0.05.

Results

1. Basic information of employees in

different work types in the paper industry

The analytical results of basic information
of the subjects in this research showed 64 men
and 36 women, with an average age of 47.4 years.
As for the distribution of employees in the three
work types, 40 have a laborious job (accounting
for 40%), 50 have a repetitive job (accounting for
50%), and 10 have an office job (accounting for
10%). Gender, age, and work experience are of no
significant correlation among the subjects. 57%

of the total subjects do not have constant habits of

TR Lower limb &

50.0%
40.0%
30.0%
20.0%
10.0% [
Upper Wrist Joint Hip . Calf
Head | Neck |Back | Should Limb  Elbow Joint Forearm "™ Thigh |Knee |- Ankle | Foot
| | Joint Joint
Body Trunk Upper Limb Lower limb

Hiaborious 4.8% | 27.9 | 41.9 | 11.6 |7.1% | 25.6 |2.4% | 20.9 | 4.8% | 2.4% | 20.9 | 4.8% | 9.3% | 0.0%
I L
HRepetitive 2.1% | 22.9 | 33.3 | 8.3% | 6.3% | 6.3% | 6.3% | 25.0 | 2.1% | 2.1% | 22.9 | 4.2% | 8.3% | 0.0%
B managerial 10.0 | 30.0 | 50.0 | 10.0 | 10.0 | 0.0% | 0.0% | 20.0 | 10.0 | 10.0 | 20.0 | 0.0% | 0.0% | 10.0

Fig. 1
in the paper industry
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Body parts where musculoskeletal discomfort occurs for employees of different work types
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Fig. 2 Laborious types of work in the paper

industry where workers move heavy

objects of paper and paper products.

exercise whereas the other 43% do.

2. Prevalence of body parts where
employees’ musculoskeletal discomfort
occurs for different work types of in the

paper industry

The body part where musculoskeletal
discomfort occurs most often is the body’s trunk

for employees of all three types of work, and
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Fig. 3 Repetitive type of work in the paper
industry where workers cut and

package paper products.

particularly the discomfort occurs in the neck and
back (laborious type: 27.9% vs 41.9%; repetitive
type: 22.9% vs 33.3%; office type: 30% vs 50%).
Specifically, as shown in Fig. 1, discomfort in the
elbows occurs more significantly for laborious-
type employees than for repetitive—type employees
while discomfort in the wrists and hands occurs
more significantly for the repetitive type than for

the laborious type.
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3. Prevalence of employees’ self-aware fatigue

for different work types in the paper industry

As shown in Tab. 1, the self-aware level of
fatigue and the three different types of work are
significantly and statistically correlated. Those who
undertake laborious and repetitive types of work are
usually or always prone to feeling fatigued. On the
other hand, time of continuous fatigue and shift, do
not exhibit a significant statistic correlation among
all three types of work. It is found that employees of
laborious and repetitive types experience continuous
fatigue for around 2-3 days and for longer than six
months, contributing to a U curve distribution, while
that duration for office-type employees is mostly
within the section from 1 to 6 months. Fatigue that
lasts for more than 6 months mostly occurs in blue-
collar and repetitive employees. The greatest fatigue
occurs, though, in the late night shift 11PM-7AM
(accounting for 79.5%). Of the five weekdays, the
day when either mental or physical fatigue reaches
its peak is the first day of the week (physical:
52.8%, mental: 46.0%). The fifth day of the week
is the day when fatigue is rarely sensed (physical:
34.4%, mental: 57.3%), As shown in Fig. 4 and Fig.
5.

Lok riss

I
Day 5 20.2%

1.8%

Day4 6%
11.1% . _
Day3 - 10.1% W Wik o Physical Fatigue
| W Witk Physical Fatigee
Day2 10.1%
32.2%
Dayl 52.8%

0.0% 100% 200% 300% 40.0%  50.0%  60.0%

Fig.4 The working days with extreme physical
fatigue and with no physical fatigue
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s e —
16.1%
Dayd 3.4%
12.6%
Day3 ER Wik No Mental Fosigue

17.2%
W Wish Maninl Fatigue

Day2

12.49
8.0%
18.0%
Dayl 46.0%

w100 200%  30.0%  40.0%  S00% 60O0%  T70.0%

Fig. 5 The working days with extreme mental

fatigue and with no mental fatigue

Table 1 Prevalence of employees’ self-aware
fatigue for different work types in the
paper industry

Type
Item - —
Type Laborious Repetitive Office ~ Total  p value
(n=40)  (n=50) (n=10)
Level of fatigue 0.004
2 0 0 2
always
5.0% 0.0% 0.0% 2.1%
5 5 0 10
often
125%  10.9% 0.0%  10.4%
. 18 38 9 65
occasionally
45.0%  82.6%  90.0%  67.7%
13 1 1 15
not much
32.5% 2.2% 10.0%  15.6%
2 2 0 4
no
5.0% 4.3% 0.0% 4.2%
Duration of continuous fatigue 0.084
10 12 1 23
2 to 3 days
313%  26.7%  11.1%  26.7%
s 4 6 1 11
within 1 week
125%  133%  11.1%  12.8%
s 0 5 1 6
within a month
0.0% 11.1%  11.1%  7.0%
more than 1 month but 2 2 3 7
less than 4 months 6.3% 44%  333%  8.1%
more than 3 months 2 4 2 8
but less than 6 months ~ 6.3% 8.9%  222%  9.3%
14 16 1 31
more than 6 months
43.8%  35.6%  11.1%  36.0%
Fatigue shift 0.062
day shift 5 5 2 12
(7TAM-3PM) 14.7%  143%  50.0% 16.4%
afternoon shift 1 1 1 3
(3PM-11PM) 2.9% 2.9% 25.0%  4.1%
night shift 28 29 1 58
(11PM-7AM) 82.4%  829%  25.0%  79.5%
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The causes of paper industry employees’ self-
aware fatigue include lack of sleep (54%), shifting
of work (34%), and high indoor temperatures (31%).
Due to different types of work, the workloads of
office type employees include significantly heavier
workload, intense work stress, and overstress
from thinking, and the employees of repetitive
work account for a higher percentage of muscle
fatigue and even partially for symptoms of muscle
weakness. Laborious and repetitive type employees
often need to take shifts and they consider the
shifts the causes leading to fatigue. Laborious and
repetitive type employees spend most of their time
on-site at the production line. Those stationed on-
site feel that the noise and indoor temperature are

the key sources of fatigue, As shown in Tab. 2.

Discussions

The results of this study on musculoskeletal
discomfort and laborious fatigue of employees
of three types of work in the paper industry have
found that for blue-collar, repetitive, and office
employees, necks, wrists, hand and backs are the
body parts where musculoskeletal discomfort
seriously occurs. Due to the nature of daily work
in the paper industry where paper is made from
pulping and pulp modulating and various kinds of
paper are packaged and tied by a half-machine/
half-manned manner, the repetitive actions and
postures particularly of the upper limbs (mainly
hand/wrists) are excessively and extremely
required, explaining why the body parts where
musculoskeletal discomfort prevails are body

trunks and upper limbs.
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Table 2 Self-aware fatigue causes of employees
of different scopes of work in the paper
manufacturing industry

Type Laborious Repetitive Office  Total

Cause (1=40)  (1=50) (n=10) (n=100)

7 3 17
heavy workload
10.0% 14.0%  30.0% 17.0%
stress and 12 14 3 29
nervousness 30.0% 28.0%  30.0% 29.0%
Workload
2 2 0 4
laborious work
5.0% 4.0% 0.0%  4.0%
excessive exercise 0 0 3 3
of intelligence 0.0% 0.0%  30.0% 3.0%
0 0 2 2
lack of energy
0.0% 0.0%  20.0%  2.0%
Capaplllty weariness of 0 12 1 13
adapting to
work muscles 0.0% 24.0%  10.0% 13.0%
0 5 0 5
muscle weakness
0.0% 10.0%  0.0%  5.0%
insufficiency of 17 31 6 54
sleep 42.5% 62.0%  60.0% 54.0%
6 6 2 14
Recovery lack of proper
rest 15.0% 12.0%  20.0% 14.0%
personal life 8 5 0 13
pressure 20.0% 10.0%  0.0%  13.0%
17 16 1 34
shifts
Work system 42.5% 32.0%  10.0% 34.0%
and mode repetitive action 0 5 0 5
of operation 00%  100%  00%  5.0%
) 13 12 0 25
loud noises
32.5% 24.0%  0.0%  25.0%
Environmental . 5 2 0 7
poor ventilation
factors 12.5% 4.0% 0.0%  7.0%
high indoor 15 15 1 31
temperatures 37.5%  30.00% 10.0% 31.0%

Little research has focused on the discussions
of the differences between the health of blue-collar
and white-collar workers and workloads and the
discomfort in necks and shoulders in the past. An
investigation by Blader et al. demonstrated that
131 employees out of 155 in four mills reported to
suffer pain in their shoulders and necks. Evaluating

the relations between repetitive actions of arms
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and shoulders and musculoskeletal discomfort for
workers in font manufacturing, gaffers, film rolling
workers, teachers, and office employees[21], Onishiu
N et al. showed that workers who undertake works
frequently with repetitive actions in the upper limbs
are 3.8 times more likely to experience discomfort
in their necks and shoulders than office employees.
Because repetitive actions of the arms and shoulders
exercise 10%-30% of the maximum voluntary
contraction of the Trapezius muscle in the neck and
shoulder, the loading on the neck and shoulder is
increased, as is the accumulative muscular fatigue,
which in turn leads to pre-symptoms of the local
pressing of chronic musculoskeletal discomfort and
inflammation[22].

Ohisson K et al. showed that, for female
workers in the manufacturing industry divided into
a group of repetitive actions with 82 individuals
and another group of non-repetitive actions with 64
individuals, multivariance statistics model analysis
found that the experiment group with repetitive
work exposure risks 3.6 times likelihood to suffer
discomfort in their necks than the control group
with no such exposure[7]. Furthermore, Burt S
indicated that neck and shoulder discomfort often
occurs in office employees due to staring at the
computer screen when typing, a constantly static
posture of the neck, and sitting in a chair without
armrests so that arms are often hanging[23]. Many
studies in epidemiology also found that repetitive
types of work not only affect the movements of
necks, but also involve hands and arms. In the event
where over exercise and the repetitive overuse
of hands exceed the capability of the repairing

mechanism, tendon and muscle injuries can result.
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Roelen CA indicated that for workers of intensive
handicrafts, fast-speed and acceleration of the work
flow can result in the significant inflammation of
tendons[24].

Previous references have shown that factors
such as laborious works, lifting overweight objects,
bending and twisting actions, entire body shaking,
and static working postures are related to the
occurrence of lower back pain. Marras WS indicated
that when a man is undertaking overweight loadings
such as the manual movement of objects, in order
for his body to offset the torque, an unnatural
posture results. Furthermore, in the event of overuse
of trunk muscles, ligaments, and joints, the forces
of pressing and twisting can result in excessive
injuries to spinal discs and peripheral muscles
tissues[25]. Sweden has conducted surveys on over
209 white-collar and 241 blue-collar workers in
eight companies for investigation of the relations
between musculoskeletal symptoms and mental
and physical workloads and found that in metal
manufacturing factories, blue-collar workers are 1.8
times more likely than white-collar workers to have
lower back injuries. When exploring the workload
factors of blue-collar and white-collar workers,
extremely twisted postures were found to frequently
occur in blue-collar workers while white-collar
workers often work in a static environment[26].
From a Swedish national survey, the relative risk of
lower back pain was shown to increase 1.3 times
when exercising forward bending, 1.2 times when
exercising lifting, and 1.3 times when exercising
long periods of standing. From the study herein
for employees in the paper industry, where lifting,

pushing and moving papers or cardboard boxes
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are often required, the back is the body part where
musculoskeletal discomfort occurs most seriously
for both blue and white-collar workers.

The results of the study were subject to
statistics of one-way ANOVA and the self-aware
level of fatigue in the three different types of work
was found to be of statistical significance (p<0.05),
whereas the continuous duration of fatigue and
shifting were not. Particularly, those blue-collar
workers in a laborious type of work have self-
aware fatigue always or often higher than those in
a repetitive type of work (accounting for 10.9%).
The fatigue durations are mostly short-term, like
2-3 days, and long-term, like six months or more,
being distributed as a U curve, while blue-collar
workers experiencing chronic fatigue that lasts for
more than six months account for the majority.
Melamed et al. found that the chronic fatigue
experienced by the blue-collar class[27] is more
significant than that by the white-collar class, and
such finding corresponds to the study herein.

Late night shifts (11PM-7AM) are the shifts
where most employees feel fatigue. The cycling
regulation mechanism of the human body’s
physical functionality is mostly controlled in the
pineal gland of the brain. Pineal gland stimulates
the brain during the day and rests the brain at night
in response to periods of light. Workers of the
night shift need to counter the physical reaction
of sleepiness in order to maintain awake while
working. While in time they can sleep, the physical
activation due to days makes them more awake
such that their sleep deepness is affected, and thus
they experience an insufficiency of sleep[28].

According to the investigation of this study,
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workload, nervousness, and insufficiency of
sleep are the main sources of fatigue as reported
by workers in all three types of work examined.
However, the differences in the type of work
contribute to factorial variations in the causes of
fatigue. For example, chemical materials, glues, and
pastes used to make paper, the dirty air, noise of
machine operation, high temperature and stiffness
for lack of air-conditioning, shifting, environmental
noises, and high indoor temperatures are the more
significant causes of fatigue for blue-collar workers.
White-collar office employees mostly work in
sales and marketing. Heavy workload, stress,
and workload that requires excessive exercise
of intelligence are the causes for white-collar
employees’ fatigue, which corresponds with Roelon
CA’s finding that white-collar workers engage
more in tasks with mental requirement whereas
blue-collar workers engage more in heavy-loading
works[24]. According to this study, both blue-collar
and white-collar workers find the first day of the
week to be the day when fatigue reaches its peak,
revealing that during the weekday, labor workers
are tenser mentally and are only able to rest on
their days off. When the holidays end and they need
to return to work, they more or less experience post-
holiday syndromes, such as fatigue, drowsiness,
lack of sleep, and difficulty concentrating, so the
feeling of fatigue reaches its peak on the first day of

work.

Conclusion

This study proves the differences in causes
of fatigue to musculoskeletal disease among three

different work types in the paper industry. Blue-
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collar workers are exposed more to heavy labor,
lifting, and repetitive body loading, as well as loud
noises and high temperatures. Musculoskeletal
injuries and chronic fatigue are more likely to
occur. On the other hand, white-collar workers
suffer more mental stress. Insufficiency of
sleep and rest occurs more universally in white-
collar workers. However, limited by time and
human taskforce, the scope of this study is only
limited to one factory. It is suggested that the
number of factories and number of surveyed
individuals should be continuously increased
in order to improve the understanding of risk
factors of employees’ musculoskeletal injuries
from exploration of differences of health risks
between laborious and repetitive types of work.
Health education and the promotion of causes
of musculoskeletal injuries and of maintaining
good posture during work should be provided
to employees, and exercise programs such as
stretches, fitness exercises, and aerobics should
be introduced to employees in order to improve
workers’ required muscular strength, persistence
and mobility of joints. Providing employees with
a safe and healthy working environment would
decrease the frequency of musculoskeletal injuries

and further increase productivity.
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