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Abstract:

[Background] Work-related musculoskeletal diseases (WMSDs) occur in a variety of occupational
populations. Because of their various discomfort and serious disease burden, they have become
an important issue worthy of attention in the field of occupational health. The prevention and
control of WMSDs is one of the public health problems to be solved.

[Objective] To evaluate the intervention effect on WMSDs among assembly workers in a railway
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vehicle manufacturing enterprise, so as to provide scientific basis for the prevention and control of WMSDs.

A total of 250 assembly workers in a railway vehicle manufacturing enterprise were selected using convenience sampling
from August to December 2017. The Chinese Musculoskeletal Questionnaire was used for epidemiological investigation, and the
Ergonomic Checkpoints was used for ergonomic inspection and worker interview. According to the above survey results, a six-month
intervention plan including stepladder improvement and ergonomics training were implemented in the assembly workshop from
September 2018 to February 2019. The intervention effects including the awareness of WMSDs, the exposure level of ergonomic load,
and the occurrence of WMSDs symptoms were evaluated with relevant cross-sectional survey results before and after the intervention.
The scores of WMSDs symptom intensity, symptom duration, and symptom frequency from low to high were 0-10, 1-4, and 1-5,
respectively.

After the intervention, the awareness rates of assembly workers on WMSDs types, affected body sites, influencing factors,
preventive measures, and symptoms all increased from 52.3%, 51.9%, 25.5%, 19.1%, and 51.5% to 68.5%, 61.3%, 48.1%, 40.9%, and
61.3%, respectively (P<0.05). After the intervention, the proportion of assembly workers who "often" bend their head backwards
frequently decreased from 34.6% to 21.8%, the proportion who "often" keep their trunk backward for a long time decreased from 26.6%
to 15.0%, and the proportion who "never" raise their arms frequently increased from 3.4% to 9.0% (P < 0.05). After the intervention, the
scores of WMSDs symptom intensity in neck, shoulders, upper back, low back, elbows, hands/wrists, hips/thighs, knees, and ankles/feet
all decreased, and the medians were mostly decreased from 6 to 3 (P <0.05); the scores of WMSDs symptom duration only decreased in
neck (P<0.05) and there was no significant difference in the other body sites before and after the intervention; the median scores of
WMSDs symptom frequency in low back, hands/wrists, and hips/thighs decreased from 3 to 2 (P < 0.05).

The six-month intervention of stepladder improvement and ergonomics training among assembly workers in a railway
vehicle manufacturing enterprise can improve workers' awareness of WMSDs, and reduce the exposure frequency of awkward postures
and the intensity, duration, and frequency of WMSDs symptoms.

work-related musculoskeletal diseases; manufacturing enterprise; prevalence; risk factor; cognition; intervention
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BB LEAR R E BT R A sl = E R (Visual
Analogue Scale, VAS) , ZIABERERZIHAEE 10cm
KHEZ EARe R ENEREAENEE, N
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EFHENNS. BENEFERNEREFRTARLS
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BRRRFET.
1.4 FHitFEHZE

SKFB SPSS 21.0 M #HITHIT DM, ITERKIE
ESMERLE, FEESHHE ISR EERR, R
RFAEESHHEUPRUBE s BRUE, E 758
DA ER, T ERFE RIS (E 2 ) ER,
WMSDs &M & 2 73 #r K = 53 2 logistic [B1)3, LAEL
{B tb(odds ratio, OR) K&z H 95%7] 15 X [8]  confidence
interval, CI) TV REXSRE, RAZ T HEZIFRE, AN
KA 0.05, BIBRAKAER 0.10, }IIKE a=0.05, T
MRTEN, FEESHHEVITEREFHAE LR
FECXY t 1058, AR S ESHHNITEEE RAE L
R FEEXY Wilcoxon FFNIHGLE, 1THEN AR ERILLIRFE
F ¥ 1050, 10387 a=0.05( XXM o

2 #R
2.1 EEREFBRIAERFR
S5ARFMARNERER T AR 250 A, HAF
BUAE 235 Ao BARWRUBMNE, & 92.3%. i
RIFTREWRE M(P,s, P,s) 73 30.0(25.0, 33.0) %, H&l
5L THEEY M(P,s, Pys) /9 3.5(1.5, 9.0) &, B LA HY
M(Pys, Pys) 79 6.0(3.0, 10.0) 5, F 3 BMI 79 (23.08+
3.66)kg:m s ARSI R X WIZEARZHERERUT,
52 ALY 89.4%, 7E 235 BIARITRE, NASINEK
BIREI AL G 46.8%, FRABI AL S 67.2%, RIX
BRI S 48.9%. F£ECZE B T AR AOFMER L FF
ERER 10
2.2 EFEEEET A WMsDs FIRZMIEIZ=
SARMIGURMNELERE R, FOEEFNS
E 497 210~215 cm, FHER FEHFRN S E R IX 230~
240 cm, MEEBIZTABNFIIEF N 173cm, BLT A
AT IR REABGE, BETARFERTREER
X, BETHEERTHES, TAEEIIEREE
FREZBMRIBAAL, FERIE LA SLE,
Fig, LdE 1 FREEE WMSDs AN T =,
UBEREZSMERITFERN(P<0.05)NERENBE
2, #1727 logistic @)D M. BERER: BT
SLERSME RN, KEYEMRIFS ARG, FEMEEE
MIEEREE NS wmsDs XL 2 IERX, BIEH
T {EBY B F] TAE)REMNS wWMsDs XL B& £ £1 18 %
(P<0.05)0 3R 2,

&1 FEFEETANAOZRFEFRERLLFE (n=235)
Table 1 Demographic and occupational characteristics of
assembly workers (n=235)

I E (Item) 33(Sort) (Nu)\mgger) (Pj?piﬁr'tfil?)/r:/}’%)
M5 (Gender) St (Male) 217 92.3
L% (Female) 18 7.7
W4/ % (Age/years) 20~ 116 49.4
30~ 80 34.0
40~ 19 8.1
50~60 20 8.5
gt o
J%It? 2&3%&%{%14? = 139 59.1
5~ 47 20.0
10~40 49 20.9
A
:Etj:zﬂmj!;{)%enure/years = 92 39.1
5~ 66 28.1
10~40 77 32.8
BMI934H(BMI group) 1E % (Normal weight) 125 53.2
1K E (Underweight) 17 7.2
#BEE (Overweight) 70 29.8
BB (Obesity) 23 9.8
SRR AR » 6o
Education level Middle school and below
= MA(High school) 87 37.0
K% (Junior college) 109 46.4
zBiiﬁehic#LdJe:gree and above 23 106
A B IR (Exercise) M7 (Never) 110 46.8
~3
ﬁﬁ%&as%ﬁarter 49 209
~2)
Zﬁi}?t%m?gs)/\month 36 153
FE1~2/R(1~2 times/week) 28 11.9
E3 Nd
ﬁﬁefhﬁﬁ% times/week 12 5.1
TR A& (Smoking) %(No) 158 67.2
Z(Yes) 77 32.8
IRE(Drinking) 7 (No) 115 48.9
= (Yes) 120 51.1
A1t (Total) 235 100.0

2.3 FiaiEEELEE T A WMSDs IAKIIE R LR

BRRABITRFPIAELERET, THE, EEREE
1B TAXY WMSDs g0 EZM TR EMERARI R R E
30%o KR LFIE IRV FFig, 22ECEREI TAXS WMSDs
FKERPIAHZER 52.3%F E 68.5%, XF WMSDs 52030
LANFIZERE 51.9%F = 61.3%, Xt WMSDs &2MEZRY
INFIZRE 25.5%F+ F 48.1%, X WMSDs FiBA1E iR IA
HIZEH 19.1%HE 40.9%, 3T WMSDs 3% S GEIR A9 I AT
KW 51.5%F E 61.3%, EF W EHRITFE X (P<
0.05), J13R 30
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R 2 FpiiFiE T A WMSDs ®MmEZRR logistic
EIVEP, g i~
Table 2 The results of logistic regression analysis describing
influencing factors of WMSDs among assembly
workers before intervention

TE 2 OR
Variable b Waldy g (95%Cl)

ST 2.017
Total job tenure 802 =Y Qo0 (1.299~3.131)
Sk EMAEIE 436
Bending one’s head 0.362 4.427 0.035 a 025~2 012)
backwards frequently : .
KESIERIS S R/ Lsas
Keeping trunk in a backward 0.298 4.178 0.041 a 01i~1 794)
posture for a long time : .
FETERE 473
Raising one’s arms 0.387 5.213 0.022 .
frequently (1.056~2.055)
TEERRSEN 1.944
Working hard 0665 14612 <0001 ) 3553 733)
EIEH T {ERYIE] IS
Enough working time “DEE 200 S0000 (0.366~0.749)
TRRE 0.734
Plenty of decision freedom -0.309 4.107 g8 (0.545~0.990)

&3 FniaREEFEILA WMSDs IAKIKFLEE (n=235)

Table 3 Comparison of WMSDs cognitive level among assembly
workers before and after intervention (n=235)

mE FHAEIN%)]  FHEN(%) ¥ p
Iltem Pre-intervention Post-intervention
PR (Types) 123(52.3) 161(68.5)  12.848 < 0.001
M EBAAL (Influencing sites) 122(51.9) 144(61.3) 4192 0.041
FMEEZ (Influencing factors) 60(25.5) 113(48.1)  25.695 < 0.001
FABHEHE(Preventive measures) 45(19.1) 96(40.9)  26.353 <0.001
& BIEK (Symptoms) 121(51.5) 144(61.3) 4,577 0.032

x4 FHEEEEZEETIA WMSDs IERZERMAEIEE. #F40TE. KERR

24 TFHaIRERERIAIMFEARTREZRE LK
LhEHENRES TRFEIINTFGE, i FET
AR REZBNA EMEGFT TR, Hp &8 L Ef4M
KEM 8L B 34.6%F& E 21.8%, “fB/R”AVELFIH
15.8%FE 30.3%, ERBHRITFRX(P<0.05); “GFE"
“KEEIRFSEGEM AL GIHR 26.6%% E 15.0%,
“UB/R"AIELBIE 15.5%F F 30.5%, ERBHRITEREX
(P<0.05); “MA"“FEMBELHE"BIELFIH 3.4%F
EF9.0% EREBRITFREN(P<0.05), B, KEE
B TATEERRELE . BB ITIERBEMTIERE
NHRBREBEMESFMEILR ZRHTATEEREX
(P>0.05)0 TLANFEAARLER S1,
2.5 FimiEEEZEEITA WMSDs FEIR & E1ERELE
FfE, Z£EZEE T A WMsDs BIER KR EXH
67.2%P%E 61.3%, BEEFRHERITFEEN(P>0.05);
T ABEBI WMSDs FERR R £ L XS FaithiR,
j—n—ﬁf FITFEEN(P>0. 05); TAR. B, £EB.F
5. B /8. B/RE. BRANER/ B BT VAS 93 CER
BRE)RFTMAIYERE, ERBRITFEN(P<
0.05); T AZNEF WMSDs fEARIFLEEY (B3R T F Al FE MR
(P<0.05), ER & ERAI WMSDs FEARIFLEET 8] 5 T T
HIZBRTLHRITFEEN(P>0.05); TANTHE. F/FBH
B /BREBEY WMSDs FER & £ SNER T FaEI (K, BZE
SEFRITFERN(P<0.05), &K 40
L2 1= 0]n A2Y

Table 4 Comparison of prevalence, intensity, duration, and frequency of WMSDs symptoms among assembly workers
before and after intervention

FEIR &R & 38(ZE) [n(%)] FERGREIT D [M(Pyss Pys)] FERFFEERS BT 53 [M(Psss Pys)] FER R ESREITL TS [M(Pyss Pys)]

SR Prevalence of symptoms Intensity of symptoms Duration of symptoms Frequency of symptoms

R =]

Affected A

body part T THE F-san TiE F-suan THE . F-san TiE N

Pre- Post- Pre- Post- Pre- Post- P Pre- Post- P
intervention intervention intervention intervention intervention intervention intervention intervention
%

Nt 129(54.9)  125(53.2)  0.711 6(5,7) 3(2,4) 0.002 2(2,3) 2(1,3) <0.001 3(2,4) 2(2,3) 0.662
Sﬁhoulders 119(50.6) 113(48.1) 0.580 6(5,7) 3(2,5) <0.001 2(1,3) 2(1,3) 0.480 3(2,4) 2(2,3) 0.480
J:zib
Up'?er back 102(43.4) 97(41.3) 0.641 6(4,7) 3(2,4) 0.002 2(1,3) 2(1,2) 1.000 3(2,4) 2(1,3) 0.706

£l
Lov?back 115(48.9) 114(48.5) 0.926 6(5,7) 4(2,6) 0.007 2(2,3) 2(2,3) 0.291 3(2,4) 2(2,3) 0.048
Eibows 76(32.3) 67(28.5)  0.367 6(5,7) 2(1,3) 0.001 2(2,3) 2(1,3) 0.744 3(2,4) 2(1,3) 0.170
FB 106(45.1) 97(41.3) 0.402 6(4,7) 3(2,4) <0.001 2(2,3) 2(1,3) 0.654 3(2,4) 2(1,3) 0.023
Wrists/Hands . : : ’ ’ . ’ ’ . ’ ’ .
/8 77(32.8) 76(32.3) 0.922 5(4,6) 3(2,5) 0.024 2(2,3) 2(1,3) 0.154 3(2,4) 2(1,3) 0.017
HlpS/Th|ghS 8 . . el b o 3 ) . ) b o
Knees 81(34.5) 78(33.2) 0.770 6(5,7) 3(1,5) 0.022 2(2,3) 2(1,2) 0.055 3(2,4) 2(1,3) 0.090
R/ 2 83(35.3 78 6(4,7) 3(1,5) 2(2,3) 2(1,3) 3(2,4) 2(2,4)
Ankles/Feet (35.3) (33.2) 0.627 s (1, 0.026 5 s 0.055 s (2, 0.156

[3E]a: ¥ WISFR1E P {E; b: EEXT Wilcoxon BRI IRFRTE P (B,

[Note] a: P value obtained from y’ test; b: P value obtained from paired Wilcoxon rank sum test.
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AR A MIZNE R F LR F BT AT
WMSDs SIER & EZEA 67.2%, M3 FE SIS 2
e B T A WMSDs SERE £ X, EREPHRER
2 57.9%, BRABEMRERRE 51.9%, TTFH
RERRZE 84.0% s ANIHARBEI WMSDs FEIR A E XRS5
HIfRERT—, FHR T RER A RHRFP ERAR
BIAOFHHEMN TEMEXE ZEKFERBIE.

WMSDs @ ZAMEE, 5MNA\ERE. EMHER
=Mt 0 ERERR BB 2%, K5 ET
LERER, RIS WMSDs IR EE X, X 5BEFH
RE—F, TEFERREKNERERTIARS
WMSDs FIXBLER S, AlREREANBRE TR EERE
BB R KR £ HFRRIMLIBME S, K6
BRFSEEMMFEMBELEILINELR WMSDs
XBe, Xel g BT KEERETRER, BZEN
AEAFREFRS, LugERRTF IATERRERTT
EFEELSWIRERBEFRENES, XEXIEM
B s AN (a2 EESERN /25 a0 BRER
WTEERBEHSIEINER WMSDs X2, X 0] 88
EHTFEIEERIMENSEEUMEIFARER
B9 & 4, #miE mA A fE>, RN TIENEINS
TERENSBERESE wMsDs XIS, XA RER BT
TENEZEMNTERAENESHN IATESEES
B9 B Y, 1ERRE B A A B S A th A A T,
HEFELZHNEEEURERIARKS, mLIENER
EMTERENENTANEEN SR BEENES,
ARG B K T RY B A3,

AR FEIRITRFRAELE RKA, EALE (8
T AX wMmsDs & M E R M T8 e IAFI R R B
30%, BERTEREGRSEUNEEERABRERFE
RAMRTHEE, TAEELIZFRNEERRE
AERIBAML 155 2 LR ZT LNEE, HXHAR
RO, BEREANAEANRRIESHE, KEFL
HEBERE, T TEALSMERE, WIELARTER
BB MIZNELRFETM, X FBAAIES] wMSDs
EEFRIRMERMEI® >, Ritt, XFRETF L
FRERERRHALSEEERIEFRE R, KB T HEEE
B I F IR L TFE i,

ARAREABELERS ITHFEIINTFGE,
EAo 48 TAX WMsDs K8, ®2IEp(i. FMmEAE.
TR HERE BAERBVAE A B IRS. X5EERN
ARAE—E, REATRFFIFT LIRS TANINE

INEIKIED 4, FifE, REERB TANARZEE R
EAMEREE, Xl ge— A HER T IRFEFIRST
T AR ITREFIAFIKE, @1 T TAZBITHNLE,
S—FHAESHRERNET—EEELRLTIA
SKERSRE R, KN ERF S EEMHFEMELE
ERRZBNREB X, XHAREGRKRAE, ZH5EN
IRFFFAIUET—EEELRLDAREZNLE,
AR TR FERNEKT, XELMSTFRRER—H.
Robertson F R LI, REVERLER S THFIE
WEFfE, D AEFWABZHRRZZ R, RIE
ERTHERITDBEK. Esmaeilzadeh HFUHR LM, F
BT RGBS TR ERIN TG, it 8V IIE
ENTAREZFBIAENE. SHMARE—, BN
PRF TFEI, M RETERR L, R IHEE
BTG, BLt XM IT AR ENRE, AR
LB ; Mirmohammadi F" R A, REX T
G, TEN TEEN TR ZEZBEBINE, RR
ERRIFRIT R LI, SRMRLER—E, B1R
PR F3#Bh T B AIE#H, Daneshmandi F IR A,
BERRRE, BFERE T ANMSNEREFZEE TS
PR
KRAARRBABERNERK S ITREB)INTFE,
FECE B T AR WMSDs FER 3R E  FEARFFEL B8] A0
TEREZ EMEIYEME, X geRE N IR FETF RS
T TARPARIKE, R T AREEN L EME,
MM Z T XA R B ERE, TRFIFZINE AR T
NEMHENRBRE TIETIXFE wMsDs FUEIRE
—ENRRER, AR Z A EN TREFI® ),
Esmaeilzadeh E 5 Z I, REX TIEILIT(HEES TR
2NN FFG, BN TEE wMsDs BIERRE .
TEARFFEEET BIFVER & EIMEIIER. SEMRER
H—, BRRFIHEEI, HFEEEHRELM,
K TRFZINFG, 37 WMSDs BIERF 42 BT
B & EMEIE R SEMRERE—HERBR
F4HBh T B AICRGH, Mekhora HFHFZT &K I, RENEA &
ETEaE HE #RSESFHITANTMG, it
BN IIEEI. BMEEBEY WMSDs FER TR EFEK,
KARHNABET RN T ZHEHNINE T,
MR 18T, 2 ENTMENRE LELES,
PR TR F K R 2E WMsDs ERSE A | £
BEE—TEMWRRRIEA"*, Robertson FE"HR A, T
fifE, B ERE TRFZINAEL A RN ITER
BT D PR, MB—BTRF A 2 —BYEER 2L
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Robertson E MR A, TG, TEHANERKS
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G ANBAEREE R L LR R T,
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£HRRA, KB 6 MANBENREHE TRFIFIN
Ffa, BAMEFEE LB T A WMSDs fEREE.
TERFF LB (B R E R & £ SR8, 18 WMSDs fiE
REEXZNWBREBANERITE LXTER JIRE R
WA, KB 6 ™A TR FFINNFFfG, Bl X
M WMSDs BIER Z E KR F AR WA T FER
Ak, $HITAHARHN 6 NB FRAE, ERENVHAR
PR EREIE INFIE K B IE INFE AR5, Kt —
SRR T IS FERY B R %, thob, ZSH 53 9 48 iy ]
HIRAE, BFT T EENRERH, BMAEELE
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2%
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