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Relationship between ergonomic exposures and work-related musculoskeletal disorders of
assembly workers in assembly manufacturing enterprises JIANG Nanyu, DONG Yidan, QIN
Dongliang, HUANG Wenchu, HE Lihua (Department of Occupational and Environmental Health,
School of Public Health, Peking University, Beijing 100191, China)

Abstract:

[Background] China's manufacturing industry is still labor-intensive, and assembly employees in
manufacturing industry are facing a great risk of work-related musculoskeletal disorders
(WMSDs).

[Objective] To investigate and analyze the prevalence and distribution of WMSDs among
assembly workers in manufacturing enterprises and explore the relationship between WMSDs
and ergonomic exposure factors such as posture load and mental load.
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From July to September 2017, by convenient sampling, a cross-sectional survey was conducted to select 670 workers engaged
in electronic accessories assembly and railway vehicle manufacturing in three manufacturing enterprises in two cities in northern China
as the research participants. The posture load assessment was based on the Chinese Musculoskeletal Questionnaire independently
developed by our research group. The mental load assessment was based on a revised Chinese version of the Subjective Workload
Assessment Technique. An unconditional logistic regression model was used to explore the relationship between ergonomic exposure
and WMSDs.

The overall prevalence rate of WMSDs was 39.6% (265/670) with 43.8% in males and 25.2% in females; the highest prevalence
rate was 47.7% in the group aged 40 years and over. The prevalence rate of WMSDs in the electronic accessories assembly workers was
16.9%, that in the railway vehicle manufacturing workers was 57.3%, and the difference was statistically significant ()(2=112.63, P <0.001).
The mental load score [median (first quartile, third quartile)] was 55.6 (51.9, 83.3) points, and the posture load score was 27.1 (16.0, 41.5)
points. The results of unconditional logistic regression model showed that women (OR=3.152, 95%Cl: 1.458-6.813), drinkers (OR=1.934,
95%Cl: 1.124-3.326), and railway vehicle manufacturing worker (OR=3.416, 95%Cl: 1.756-6.644) had a higher risk of reporting WMSDs;
The higher the mental load (OR=1.019, 95%C/: 1.007-1.031) and posture load (OR=1.034, 95%C/: 1.019-1.050), the higher the risk of
reporting WMSDs. The hierarchical analysis results showed that the risk of reporting WMSDs was higher among the electronic
accessories assembly workers who were older (compared with those aged < 30 years, OR;,3,=2.526 and OR.,,=12.263, respectively) and
with higher posture load (OR=1.025, 95%Cl: 1.002-1.049), as well as among the railway vehicle manufacturing workers who were
drinking (OR=2.035, 95%Cl: 1.155-3.583), obese (OR=3.094, 95%Cl: 1.185-8.078), with higher mental load (OR=1.013, 95%C/: 1.001-1.025)
and posture load (OR=1.033, 95%C/: 1.018-1.049).

There is a significant correlation between reporting WMSDs and ergonomic exposures such as posture load and mental load,
and drinking is also a risk factor of WMSDs. The risk of reporting WMSDs in female workers in assembly manufacturing industry is higher
than that in male workers. The overall prevalence rate of WMSDs in railway vehicle manufacturing workers is higher than that in
electronic accessories assembly workers.

work-related musculoskeletal disorders; manufacturing industry; ergonomic exposure; mental load; posture load
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£ 1 BAENRFREMFFEAR WMSDs ZEB R
Table 1 Comparison of prevalence of WMSDs among assembly workers with different individual characteristics
ait TEERl(Work type) WMSDs
I H (Item) Total BT AL HMEEERIE
n(%) Electronic accessories assembly  Railway vehicle manufacturing X P n(%) X P
n(%) n(%)
M 5(Gender) 188.32 <0.001 17.74  <0.001
FE(Male) 470(74.2) 143(48.6) 327(96.5) 206(43.8)
Z(Female) 163(25.8) 151(51.4) 12(3.5) 41(25.2)
£EHR/ % (Age/years) 57.35 <0.001 8.68"  0.003
18~ 352(53.0) 197(67.7) 155(41.6) 120(34.1)
30~ 247(37.2) 87(29.9) 160(42.9) 112(45.3)
40~ 65(9.8) 7(2.4) 58(15.5) 31(47.7)
XA¢F2E (Education) 182.77 <0.001 34.32° <0.001
=R LU T (High school and below) 374(58.6) 252(87.5) 122(34.9) 111(29.7)
K% (College) 223(35.0) 26(9.0) 197(56.3) 120(53.8)
54 K2 Lk (Undergraduate and above) 41(6.4) 10(3.5) 31(8.9) 23(56.1)
B BIR/CR-FB™) [Exercise/(time-week™)] 7.84  0.020 3.53°  0.060
<1 450(70.3) 181(65.1) 269(74.3) 190(42.2)
1.2 129(20.2) 62(22.3) 67(18.5) 42(32.6)
3~ 61(9.5) 35(12.6) 26(7.2) 21(34.4)
BMI 21.56 <0.001 20.96 <0.001
{R¥E (Underweight) 364(55.1) 186(63.7) 178(48.2) 21(38.9)
1E & (Normal) 54(8.2) 27(9.2) 27(7.3) 118(32.4)
#BE (Overweight) 188(28.4) 63(21.6) 125(33.9) 87(46.3)
BB (Obesity) 55(8.3) 16(5.5) 39(10.6) 33(60.0)
T 48 (Smoking) 47.73 <0.001 850  0.034
B (Quit smoking) 65(9.8) 16(5.4) 49(13.2) 24(36.9)
Z(Yes) 213(32) 64(21.8) 149(40.2) 101(47.4)
Z(No) 387(58.2) 214(72.8) 173(46.6) 137(35.4)
TRE(Drinking) 135.23 <0.001 46.04 <0.001
Z(Yes) 313(47.3) 63(21.7) 250(67.2) 167(53.4)
Z(No) 349(52.7) 227(78.3) 122(32.8) 96(27.5)
B N/7t(Monthly income/yuan) 69.66 <0.001 18.54° <0.001
<2000 7(1.1) 1(0.4) 6(1.7) 4(57.1)
2001~ 356(58.3) 204(77.0) 152(43.9) 112(31.5)
4001~ 169(27.7) 46(17.4) 123(35.5) 92(54.4)
5001~ 79(12.9) 14(5.3) 65(18.8) 40(50.6)
B T4 (Length of service in current job) 265.82 <0.001 43.45° <0.001
1~ 289(43.1) 231(78.3) 58(15.5) 65(22.5)
5~ 276(41.2) 47(15.9) 229(61.1) 148(53.6)
10~ 105(15.7) 17(5.8) 88(23.5) 52(49.5)
ST #&(Total length of service) 154.45 <0.001 25.83" <0.001
1~ 163(24.6) 139(48.3) 24(6.4) 29(17.8)
5~ 311(46.9) 89(30.9) 222(59.2) 149(47.9)
10~ 189(28.5) 69(20.8) 129(34.4) 86(45.5)
BOBE/CR-B™) [Work overtime/(times-week™)] 59.59 <0.001 8.93° 0.003
0 63(10.0) 46(16.3) 17(4.9) 18(28.6)
1 291(46.3) 157(55.7) 134(38.6) 101(34.7)
2.3 172(27.3) 46(16.3) 126(36.3) 82(47.7)
4~ 103(16.4) 33(11.7) 70(20.2) 46(44.7)

[ ] a: BB IR, B EURTRK,

[Note]: a: The results of Chi-square test for trend. Some data are missing.
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BEEXRR WMSDs & £ 1HRERRAZ PR H
BERk ¥ RINERIENRK 1. £RETRAREIIERS!
HiE) MR Fit. XHURE. ABREME. BMIL ]
RER OEE R B R, S TH A
BADHBYIGFEEER, PEINMETR NEREFIE
Rl A RBAFAELE WMSDs Bk & K95 FHENISE
(AR FREHAZEIRILA R,

AR XTR WMSDs 2 & & F /9 39.6%(265/670) ,
HpBFERAAREFEILAREEE 16.9%, EEEF
FREEW AR 57.3%. HIEBRZEFHSEW AR, U
TERBAERRS, N 35.2%; RS BEB. F/
BEEB, R T 29.3%. 27.5%F1 27.5%; FIER A4 E R,
N 14.1%. BFEHAEFEIARHEP, FEULEER
EIBIRIE, b E =, /9 10.2%, W& 2,

R 2 FEEFIREHFEE R ARSEZ IR
WMSDs Z4£1E 5
Table 2 Prevalence of WMSDs in various body parts by work
types of assembly workers in manufacturing enterprises

LBRMEN 17.4(10.6, 26.6) 73; MEREHHSIELA
RO AT M(P,s, P,s) 79 63.0(51.9, 88.9) 53, &
BT 36.0(23.9,53.9) 53, MK 3, RELIEXS!
Rl AR Z BRI 1 a1 5376 (2=3.101, P < 0.001) J2&
A AR H(2=5.573, P<0.001) EEWEHITEE X,

xR 3 FREXFIRREEEWELARTIF AR S
Table 3 Ergonomic exposure distribution by work types of
assembly workers in manufacturing enterprises

DRSS EBHHED/5
Mental load score/point  Posture load score/point

T eS|
Type of work

BB FECHAALE
. . 270 48.1 519 63.0 236 10.6 17.4 26.6
Electronic accessories assembly
MEEERIE
. ) ) 315 519 63.0 889 322 239 36.0 539
Railway vehicle manufacturing
&it
585 51.9 55.6 83.3 558 16.0 27.1 415
Total
Z(P) 3.101(<0.001) 5.573(<0.001)

mE B FECHFESE HEEEH)E At
It;m Electronic accessories  Railway vehicle Total X P
assembly, n(%) manufacturing, n(%)  n(%)

FER

30(10.2) 110(29.3) 140(20.9) 36.68 <0.001
Neck
o 23(7.8) 103(27.5) 126(18.8) 41.84 <0.001
Shoulders ’ i : ’ :
L 17(5.8) 97(25.9) 114(17.0) 47.26 <0.001
Upper back ’ . ’ ’ :
TH/E 16(5.4) 132(35.2) 148(22.1) 85.06 <0.001
Low back/waist ’ ’ ’ ' ’
i 11(3.7) 53(14.1) 64(9.6) 20.69 <0.001
Elbows ’ : ’ ’ :
F /B 10(3.4) 103(27.5) 113(16.9) 68.26 <0.001
Hands/wrists ’ . ’ : .
%/xiR 10(3.4) 89(23.7) 99(14.8) 54.26 <0.001
Hips/thighs ' ’ ' ' ’
BRER

4(2.3) 81(21.3) 91(9.2) 46.65 <0.001

Knees
Sy 4(1.4) 88(23.5) 92(13.7) 68.14 <0.001
Feet/ankles ’ . ’ ) :
WMSDs 50(16.9) 215(57.3) 265(39.6) 112.63 <0.001

ZRERNBEXRNROIBARER M(P,s, P,s) 5 55.6
(51.9,83.3) 53, BHEMTTN 27.1(16.0,41.5) 73; EF e
FECHAZEI A G RYOIR R 51.9(48.1, 63.0) 57,

WE T2 BIMEXFERFEITHMT, Spearman #4H
XERET, VIENESEB AT 2 BIHEXREN
0.351; R TS OIEBAE. BB AFZEHKEXR
53579 0.139. 0.269; XL RKA, =FHZBR
AEEEXNE, ERTEZEHEXEEHRS, £4&
BRHRE, AP TERKE, ETEW VIF
¥NF 2.3, TOL AT 0.4, NS HERISIEED
RBEEDBILHIERYBRTEZ BNLZEHLE
MAE,

& TEZEFIERN WMSDs & £ R IREREHT
BRI, B IEE M logistic BYIREY, LER B R: M5
AL KB, TEXNRNEREHIIEE WMSDs &
X ES,; DIEAREIEM 1 MRE, X% WMSDs
BIXBEIEIN 1.9%(P<0.05) ; ZF AR EIEI 1 MR
FE, & WMSDs BIXIBEIE AT 3.4%(P<0.05), L3R 4o

NABLIERANBRERE, ZRERINERER:
FiR. 2B AT S BFERGHEEL AR WMSDs BY
KEMRPE X, 30~39 % 40 & MUl EFE SR B FE
HBAEEIAREEXKSHIZ 30 5 L TEILAR
B9 2.526. 12.263 &, MY FMNEREEEFI AR,
TROB. BEREE wMsDs IR AR E RS, thIMLIE R
far. ZHAEEIEI 1 MFE, WMSDs & £ X 18
NiRE 1.3%H0 3.3%(P<0.05), ZEER LK 5o
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x4 EFHERWMEL AR WMSDs ZEZ logistic BlY35347 (n=670)
Table 4 Multiple logistic regression analysis of WMSDs in assembly workers in manufacturing enterprises (n=670)
TE (Item) b S, Wald x* P OR 95%CI

EE(Constant) -4.444 1.314 11.430 0.001 0.012 —
M (Female)’ 1.148 0.393 8.514 0.004 3.152 1.458~6.813
ZXB(Drinking)” 0.659 0.277 5.680 0.017 1.934 1.124~3.326
B UN/TT(Monthly income/yuan)

<2000 = = 15.166 0.002 — —

2001~ 0.110 1.198 0.008 0.927 1.117 0.107 ~11.684

4001~ 1.221 1.205 1.027 0.311 3.391 0.320~35.964

5001~ 0.811 1.232 0.434 0.510 2.250 0.201~25.149
TR FHERE ZF I3 (Railway vehicle manufacturing workers)” 1.228 0.339 13.092 <0.001 3.416 1.756~6.644
IR F T (Mental load) 0.019 0.006 10.265 0.001 1.019 1.007~1.031
ZH T (Posture load) 0.034 0.008 19.169 <0.001 1.034 1.019~1.050

[3F | HEGARE T S, XRE. KB IREK. BMI. IRME. KA. 2. IYHER. *: 23UBM. RIUE. TIEXRFNBFEREMEAEER
X$HR,
[Note] The model is adjusted for age, education level, exercise, BMI, smoking, length of service in current job, total length of service, and work overtime.
*: Male, no drinking, electronic accessories assembly workers serve as references, respectively.

£ 5 FREAEFEEHERI I AR WMSDs ZFHEZ logistic [B])393#7 (n=670)
Table 5 Multiple logistic regression analysis of WMSDs for different work types of assembly workers in
manufacturing enterprises (n=670)

BB (item) b S, Wald x* P OR 95%CI
BB FER 4B 2% (Electronic accessories assembly)
=B (Constant) -2.497 0.369 45.751 <0.001 0.082 =
Y/ % (Age/years)
18~ = = 10.598 0.005 — —
30~ 0.926 0.394 5.528 0.019 2.526 1.167~5.467
40~ 2.507 0.956 6.880 0.009 12.263 1.884 ~79.799
ZEH 1T (Posture load) 0.025 0.012 4.463 0.035 1.025 1.002~1.049
BN IE & & HliE (Railway vehicle manufacturing)
& 8 (Constant) -2.641 0.548 23.215 <0.001 0.071 =
BMI
1E (Normal) = = 8.572 0.036 — —
{REE (Underweight) 0.942 0.522 3.261 0.071 2.565 0.923~7.131
B EE (Overweight) 0.547 0.308 3.168 0.075 1.729 0.946~3.159
BER¥(Obesity) 1.129 0.490 5.319 0.021 3.094 1.185~8.078
EX5E(Drinking)” 0.710 0.289 6.052 0.014 2.035 1.155~3.583
(LR T (Mental load) 0.013 0.006 4.323 0.038 1.013 1.001~1.025
LB 7T (Posture load) 0.033 0.008 17.736 <0.001 1.033 1.018~1.049

[E]* BURIRBEENSE,

[Note] *: No drinking serves as reference.

3 e

wWMsDs BRIE & AER BRI ER X ERN
)RR, thRREEFMmIEW A R TIERES, BRI
EEMNZFRASHMEY, TREHRENTA
EESERASWEIR, DEBESEEKENR
ST, BIEERB AR UNOEA TS, IR,
THERHNZEBARNAEHESEINFEAE S RS
WMSDs ZEBRKFHEERER", THFEARKFE
HNENXTFEHERFRIEIAATLTFEEKE, Wb
WMSDs E B FE, IEMITG TR F AR R FHLA

HEST A E T F R ESBRA LR, B TE
SEHRG, e IEXRE,

AR P EAE IS R A B WMSDs 2Rk & £
) 39.6%, REFRSHEMU AN TE/MEER(22.1%)
FER(20.9%) « FBEB(18.8%) ’e EHEB(17.0%) , SBEERA
FEeRHE LRI A RABXRERL WMSDs &R,
RIFXLEEIRALRHE L VEAl A B WMSDs B9 & 20111,
EEWVEREREEIENTE USRI 2B IF N Y
TLUEM, FEIEFEEFIE R EL A WMSDs
EERGFEER, BFRRAEAZEEIARNRN 16.9%, M
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MEBRESSE(EWARIK 57.3%, BEBUAEERR
BEEERYETIE, SRREVNF=RIEFERR
HEEF TARRER(57.4%) FiL, BRFEST
EERTEFE R T AN RER(84.0%) , XAIEER
FAREEIEL AR THEATEFEES
SAREFT HFEINARASREERE BRI A
REIEIEFNNS TEEENBESTNELT
NZEB TN G Z, AESZ2B AN 5 0ERA
RN H L, STEL A BN ITREAREITEE 2K
o BRIEBEENZEBAGS MEATEENNEH
% logistic B)IHREY, HEM D INERKE, SLEW
VIF 3/NF 2.3, TOL 3K TF 0.4, ZEENFEED T
RAEEDBRUEHIE R BTRELE BRI TE, AH
RERAZRVIRBEDHERER: M AL KB
TEXFBRHER EHISHARITR WMSDs BI& £
XpeER; LREREMES RS, wMsDs A%
XPoitts. 2B 5L R ER, WMSDs BiR1E LF3
BERBUSHENE X, TEBRENA QST B,
THRERSHEM, XAIERHTFLEAER/D,
EHERIFEXG T, BN IFREES, BH/KFE
=%, MIGE#E WSMDs & 4 XK E S RE R 8E
BZENSEERASSRAKE2MRHE,
RIEAMR TERFANZREDTER, E88
S58BFRHAEEILARLE WMSDs B X, Fidid
= NEL AR WMSDs V& & RS, S FHMER
EHIEEI AR, BMI ARBREE B WMSDs & 4 X G
E=(0R=3.094) s ZHARLER B, BB T ROIE
A fEKFES wmsDs NAE N EIEEXX R, BEE
MRERSIHHEE™, FELERFEELAR
WMSDs FY& 43R 2 B8 FECHHALERY 3.4 15, NS5
BEFHFEANELES. Afis. TERERERE
Ko BFEMHAZET A—RRENLZEHIEL, TK
BB, SRSk $23k, SEENEA L RRANEEH IR
RZEBME, BTEERSENAHE A EETRHE,.
IR P B FEHFHEE A RB WMSDs X EZE 7
16.9%, FEPAI A E X E BRI, &=, I 10.2%,
SHkETIEMP, wMmsDs BRI ES ETEZH. B.
BHE5EH, SKEFFINAREICEER . B
. EEE. TE/MEBLEEHSERMKRA 7.8%.
5.8%. 5.4%, WMSDs S &% £ KT K = F R
RER(69.4%) XAIES TEARNKREAZTHHER
—HE X, A TEIFIE R R BB R T F FFita
M ERREEAIREE WMSDs K& REZEEESNRR,

MRTFBEFREHAZEAR, MEREFISIELART
ERRERK, BETERBERNES, LNILEES, F .
K&, Nif. EAFBEZTETAEKNERFINE
TREEFARIFEERESE, WM T E/ES WMSDs & & =
(35.2%) & T HEMERL, 5 UFEE RS #289 WMSDs
FERNTEBSEIHNARE LK%

Bk A BRI FMER RN R ERI AR
ZRARME. DIEBAREFINAAXERE A fEE
WMSDs IR EB X, BEFRRZ N logistic [B])31%
BRI TERFE MO IBRERZE wMsDs BB E
K EBRAZEZUBENMERFENERAMANEIREE,
TAFREN TR FERNIR R RR %, B7ERER
W EERANEZ, EDITERNERE R U AEEIER
BRREAREFENTIHBRE, RETMHER WMSDs
BRERNH#HITE— DR i & A E TIELZ
BHEOIBHERZES WMSDs fYXEB%, B4+ 0 g a]
BEHIMERMERRBTATEREXMREHFANZEHR
MRBEN TIELZB TN KB WEFELFRNIER,
I ARG T FE TS WMSDs BYx 2 7= 4 R FI 82
I, I AREEITHERBER R T L nfEEX
FESBNZEHEMXIEILERNEM, BT
2PN ELARTEIEIRRRAZHN TR F AT

FRARHEEFE—LERE. BRIERNIMNEFEXT
WMSDs BIBATIER T, ZBRARFTRAN S E2 RIS,
BBRSERNNFEXRATERE, (NENFERRILIE
#HEE, MO EAREHEFETE—ERHBE. WMSDs @—%
ZoMEE, REBFIFERNRRITRFEAS S A
EARMRRRITRFRRARTIL AT, BARHAFTR
BB IREFIZ A AR EFERIZRE, EHRE
IRFRIZHT 128 2P E EE B KN IRKIZ BT
o AR AR AT OR BRI, RE AT 8EE T
NBEEEESR, BRARITERFABNELRER
THEZHEFEEERE. KARIHRFELBTAS. TN
FEAEARERETEH T RE, BREZNNHEATSE
BEETRFENEREZZMIT(E, FEXAETEEIER
HITHEI A B R R 0 R R I,

TRFREHARITEEE B AR WMSDs BY R HA
EUNRRIEEABRAEBNY, REHE—FTRETEIL
BN TR FERTTENER, UL THFHRFH
FEETIE. Be. MEZFMHEIT.
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