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A Case Study on Risk Levels of Shoulder Postures
Associated with Work-related Musculoskeletal Disorders at
Automobile Manufacturing Industry
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Abstract : This study tried to develop a basis for quantitative index of working postures associated with WMSDs(Work-related Mus-
culoskeletal Disorders) that could overcome realistic restriction during application of typical checklists for WMSDs evaluation. The baseline
data for this study was obtained from automobile manufacturing company(A total of 603 jobs were observed). Specifically, data for shoulder
postures was analyzed to have a better and more objective method in terms of job relevance than typical methods such as OWAS, RULA, and
REBA. Major statistical tools were Clustering, Logistic regression and so on. The main results in this study could be summarized as follows; 1)
The relationships between working postures and WMSDs symptoms at shoulder were statistically significant based on the results from
logistic regression. 2) Based on clustering analysis, three levels for WMSDs risk at shoulder were produced for both flexion and abduction
were statistically significant. Specific results were as follows; - Shoulder flexion: low risk(< 37.7°), medium risk(37.7°~70.0°), high risk(>
70.0°) - Shoulder abduction: low risk(< 26.5°), medium risk(26.5°~56.8°), high risk(> 56.8°). 3) The sensitivities on risk levels of shoulder flexion
and abduction were 64.0% and 20.6% respectively while the specificities on risk levels of shoulder flexion and abduction were 99.1% and
99.3% respectively. The results showed that the data associated with shoulder postures in this study could provide a good basis for job
evaluation of WMSD:s at shoulder. Specifically, this evaluation methodology was different from the methods usually used at WMSDs study
since it tried to be based on direct job relevance from real working situation. Further evaluation for other body parts as well as shoulder would
provide more stability and reliability in WMSDs evaluation study.

Key Words : WMSDs, quantitative risk, shoulder postures, WMSDs symptom, clustering, logistic regression
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A A=l oot FEFAARSAE= 2010 9] 5,502 A Z(KOSHA Code H-30)"2 ZF= 3}of OWAS(Ovako
ol tjn]3le] 2011 o= OF 7.7% 73A4%E 50773502 Working Posture Analysing System), RULA(Rapid Upper Limb
Uehdtl). 212 2z AA RS0 0|9} 7o x4zl Assessment)L} REBA(Rapid Entire Body Assessment) 52
e 2003dol] T 2IRAANSE ool A =t E 5 . B3] a1zl 7P sl AREs
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Fig. 1. Measurement for shoulder flexion(120°).
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Fig. 2. Variation of shoulder abduction angle,
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were diagnosed with MSDs at corresponding body parts,
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Table 1, Descriptive statistics for shoulder angle with symptom/no

symptom
Shoulder P 5%
oulder Postures .
& Symptoms N | Mean | SD | |gwer upper Min Max
limit | limit
s n‘?otom 463 | 28.97 | 15.71 | 27.54 | 30.41 0.00 74.86
Shoulder | Y™P
flexion |symptom | 140 | 55.92 | 26.04 | 51.57 | 60.27 | 0.00 111.62
total 603 | 3523 | 21.81 | 33.48 | 36.97 0.00 111.62
somotom | 463 | 766 | 1185 | 658 | 874 | 000 | 6167
Shoulder | *Y™P
abduction| symptom | 140 | 27.11 | 26.51 | 22.68 | 31.54 0.00 89.47
total 603 | 12.18 | 18.37 | 10.71 | 13.65 | 0.00 89.47

Table 2, ANOVA for shoulder postures of groups with symptom and no

symptom
Shoulder | Source of | Sum of |Degrees of| Mean F value
Postures | Variation | Squares Freedom Square P
between | 70041 191 1 78041.121 |225.263| 000
group
Shoulder ithi
flexion | V1208213317 | 601 346,445
group
total 286254.438 602
between | 663 484 1 40663.484 [150.370| 000
group
Shoulder within
abduction 162523.622 601 270.422
group
total 203187.107 602

3) 2t XtMI2t EF RF0ll et EX|AE! 3| HEXM

ol 2] Aeh Bl F2ol dhato] olahuke 319
LA (binary response(E-5 12/312) regression) 2] 3+ Wl
ol o2y =AAE 3_?]1"15'*42 o]-gsto] of7fol Ao 2t
ARPA| 2} B2 2ol HAE Al HQkrtHTable 3). 1
A}, ool Ao AAME BH=E, ¢3) FARL
2 Rostm, wetd ofelde] AABHSZI, ¢
e R 5 pegol Qe AoR BriEdr.

Table 3. Results of logistic regression for shoulder postures of groups

e

=Y

Table 4. Results from cluster analysis for shoulder flexion

Cluster 1(N=200) Cluster 2(N=132) Cluster 3(N=70)

Mean(37.70) Mean(13.26) Mean(70.04)
SD(7.79) SD(9.36) SD(13.20)

Table 5. Cross tabulation of clusters and symptom(shoulder flexion)

Symptom(Shoulder flexion)
Clusters
No Yes
Frequenc 177 23
Cluster 1 d Y
% 85.50 11.50
Frequenc 119 13
Cluster 2 aneney
% 90.15 9.85
Frequenc 11 59
Cluster 3 ameney
% 15.71 84.29

Table 6. Risk levels for shoulder flexion angles based on cluster
analysis

Risk Levels Low Medium High
Shoulder flexion angle(degree) | < 37.70 °© < 70.04 ° > 70.04 °
Number of cases with symptoms 22 46 27
Ratio of cases with symptoms [22/242 (0.09)| 46/132 (0.35) | 27/28 (0.96)

342 SHs WHS HuEtdch EE T 43 W
57 A2 el 71 b el WEAA 2hE
AsIse.

3.2.1. O{7 22 2tz o| W

SPA ARt vk} o] Hzof Haat 8 =
A7gsto] BAR dah, 2 4= 3709 A9 248 THIH)
2pol5 7 # Fdshs HYEAY] HFTHAR YR
t}. Table 4= o7l == ztof 3t 3] Zi}o]al Table
S5t 2 ol oMol S5 Eolth Table 6
Table 48} Table 59| 25 EQ|Z sl A3 o7) =
= o] tigt A=A AdeEe] FRolt:

3.2.2. O{7Hl o™ Zt=o| HE5}

VSIS B o 349l Ak 2ol Azl

with symptom and no symptom F AR 42 3742 N AFte] Bt Ax}, 7] 4=
Degrees p5% CI for Exp(B) Mo} A7 21 7HH) Aol 71 2 Bdst= :.1x1
Shoulder B |S.E.| Wald of  |p-value|Exp(B)
Postures - Freedom lower | upper
limit | limit Table 7. Results from cluster analysis for shoulder abduction
SPOUST |0 093 l0.009[107.012) 1 [ 0.000 | 0911 | 0:896 | 0928 Cluster 1(N=90) Cluster 2(N=39) Cluster 3(N=273)
Mean(26.53) Mean(56.75) Mean(2.07)
Shoulder |, 4e5 10,009 88598 | 1| 0.000 | 0.918 | 0.902 | 0.935 SD(@8.01) SD(1085) SD(4.28)
abduction
Constant | 6329 0.513[152.385 ! 0.000 |360.848 Table 8. Cross tabulation of clusters and symptom(shoulder abduction)
ot Symptom(Shoulder abduction)
_ . t
3.2. K- 77I5H(K-means Clustering)E 0|23t X129 usters No Yes
= x.‘?.l‘ ci | Frequency 70 20
uster
K-H@ 25} 7198 olgelel 7 A7 neue = % s Bz
AL =& Z§]. 3].0:11:]‘ v A ]-( H‘ﬂ)_J EX]o] = Cluster 2 Frequency 3 36
ol ek 23 48 A3p] fistel 32 24el % 6 5231
2 IR Agstel FUSE AAsh 23] 1K) o 3| Freeney 234 D
Aol7k £RIoA ghowl #Ael £8 FHAA thl w3 % 51 1429
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Table 9. Risk levels for shoulder abduction angles based on cluster

fnl

o7 AR PITE ZHE DAt ARAH H2

Table 13. Comparisons of shoulder abduction angles among clusters

analysis based on scheffe's method
Risk Levels Low Medium High . 95% CI
= O () Difference | Standard I
Shoulder abduction angle(degree) | < 26.53 °© | < 56.75 ° | > 56.75 ° Cluster | Cluster -3 Error p-value | [ower Upper
Number of cases with symptoms 48 32 15 Limit Limit
B * . R
Ratio of cases with symptoms |48/319 (0.15) | 32/67 (0.48) | 15/16 (0.94) ! 2 302288 11824 0.000 331339 | 273231
3 24.4577* 0.7497 0.000 22.6158 | 26.2997
5 2 1 30.2288* 1.1824 0.000 27.3237 | 33.1339
248 HFmds Edt: 5 w49 5 3712 A% 3 54.6865* 1.0558 0.000 52.0925 | 57.2806
sto] o7 9 Zief Higt Y 42 AAISHRE ul, ' : : : :
- = 3 1 -24.4577% | 0.7497 0.000 | -26.2997 | -22.6158
3 ZHIH) 2ol 7k 71 A eksiAl LrebT Table 72 ©f
2 -54.6865* 1.0558 0.000 | -57.2806 | -52.0925

7 ol Zhol et 24 ATo|IL Table 8L 7+ 240
Qlojxe] 5 AKX ol Table 9= Table 71} Table 8
o] A5 Edl2 3t 4% o & Z=of Hiet A
F4 Sl BHEolrh

3.3. T3 Bl BN HE

B Aol b mEE A Aol Bl o
A Bge AEstgnt TAHOR T A WEe A
gotol TH3 Anl ofFt AL HEshect

3.3.1. =& ZHH) AIZHYE fIst 242N

Table 103} Table 12 o7 == 2 A zZzof s}
of Kemeans 2A5410] tjsto] Qelajx] HAkEAS A
A Akl Qe b o2 8 9d 2 Bl
Sfo] frolat Aolrk = Ao Uttt

Table 10, ANOVA for shoulder flexion angles between clusters

Shoulder | Source of | Sum of [Degrees of| Mean

Postures | Variation | Squares | Freedom | Square F p-value
between 1119543206 2 |74771.648 | 834.465 | 0.000
group

Shoulder within

flexion 35752.093 399 89.604
group

total  [185295.389| 401

Table 11, Comparisons of shoulder flexion angles among clusters
based on scheffe's method

) 95% CI
(I) Cluster| Clgs)ter le(er_ance Stﬁarrli)arrd p-value qugr Upp;r
Limit Limit
1 2 24.1267* 1.0501 0.000 | 21.5467 | 26.7066
3 -31.7344* 1.3235 0.000 | -34.9862 | -28.4826
2 1 -24.1267* 1.0501 0.000 | -26.7066 | -21.5467
3 -55.8611* 1.3824 0.000 | -59.2576 | -52.4645
3 1 31.7344* 1.3235 0.000 | 28.4826 | 34.9862

2 55.8611* 1.3824 0.000 | 52.4645 | 59.2576

Table 12, ANOVA for shoulder abduction angles between clusters

E3F Table 1137} Table 132 o]7) 23 9 oA z}wo]
t5}to] ScheffeS ©|-83F AFS-7 A (Post Hoc Tests) Z1}o]
th of7A, ol A2 9 o4 A mEL wEE ol
ko7 = AeE YETh

3.3.2. "I XI=E o|2st Ao} ™I}

K-means #2175 EH2 slo] whEoXl % 3
7H o] Bl ARE 9] AT F WA Ho R
A 2R A 603709) 378 5 2/3%1 4027) Fg e AlmE
ZW(Training) A2 2 AREste] 35 25 EQE
M| 1/3¢] 2017)19] A} (Test Data)E o|-835}o] 1 el
=5 Asstazt syt olg flsto] ZF A H9E 54
Zte7b 3 Aatel] A A Y@ Aol &3 5
ol 9= Aolgtar 7hstal, 1L JHaeE ool &3t
H F5°] Sl Aolgtal 15ttt &3] 5 e
o vHlESol EAEANE AA FHETAY HlE:
35% (o712, 48%(o17) 2jd))eletal whtste] F ¢
oz Ade| ol 4k 7 AR 55 = E
Ao A Q] B 7ol ZJAIFZ]A] EFTHTable 6,9).

ZF AAEE 55 5 By A o3t Aok 2
Tio|A] WHES] 2= FFo] At AYAE 50l
Aohal TS W Ao v go|al Eolxrl] 2= F
ol gl AAAE T35l vt WEE W ZAate]
H-go|t} Table 14= o7 25 2= @420 3 5
= 5 g Aafolrt. AutoA & 4= o] T35l U
= APAE Fol lvkal S i 2] A=
64.0%°]3L F3°] = AIAE 5ol vt BFS
Wl Zyte] A== 99.1%= et Table 15= o7
A Zt= Yo o3t 55 f-5 T Aol o7
QH9] A= Fool A= AAAE Fool Aok
AS Wi 2] Few= 20.6%0]1 F50] §le ARk
£ 55°| glokar B W ko] A= 99.3%= o

Table 14, Test results for risk levels of shoulder flexion angle

Shoulder SOuleC. of | Sum of [Degrees of| Mean F p-vilue Based on Risk Levels
Postures | Variation | Squares | Freedom | Square
b Symptoms at Shoulder .
CIWERN 123745668 2 |61872.834| 1626535 | 0.000 N v Accuracy(%)
group (V] €s
Should -
Abduction| VI (15177805 309 | 38.040 Actual Symptoms at| __No 105 ! .1
group ) ) Shoulder Yes 9 16 64.0
total |138923.493) 401 *Sensitivity: 0.206, Specificity: 0.993
SRSt K|, H28F 15, 2013E 99
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Table 15, Test results for risk levels of shoulder abduction angle

Hi=
S

22

3l

Based on Risk Levels

Symptoms at Shoulder
Accuracy(%)
No Yes
Actual Symptoms at No 146 1 993 %
Shoulder Yes 27 7 20.6 %

*Sensitivity: 0.206, Specificity: 0.993
Ept.
4. DEUHE

A4 wol BEET e AR BT E Aww
H, OWAS(Ovako Working-posture Analysis System)2] 73-9-
= s 282 = Sl= Aol e Aet £4
o= &t ©do] dvk RULASF REBAS] 7-9-oll= 4
doz FHATT A87FsAel oiA= OWASS| 4
FHY AE 7 4= oloy AYdt E45 shedl A
olA, 53] AHH LR =2 UAEE 85k BA=
OWAS?| 7R} 7de 7Pdckar x| Ik, dwk
Aoz o]9} 2 Bl 7k WEAR B HEA 9
UR|goll FAst] et WA A& A, 85%
ool & UX| %= (good agreement)2til A i,
AR AA&E] A9, T5%0) ol I AuE Q1
(acceptable) & 4= QIchal A A ULH?. x|k o] 9} Zhe
Ef/dol izt aejvte g =2 29 E Auke] A
e 2 AeHde dshlole w2 AL itk 71E #
7HR o] ojet 22 FHAIE Hekshr] siAl= B 4l
2= 9l s gofstr)of hAA sid 2l agsl
= ZAQate] ZEAA el et S A ofRet s 2
AollA o] 2 Al Hrete] Helde sk, 1 A
£ A8k Aol 7t 7k Wo] d 4= glee]e} wehErh
A 2 Ao A= e Ahd= Al AdAke]
=AAEg | et S B o7} g AGollAle 2
A AR FEeRe] IS vefsty] ffste] F=AA A
e = B7Ee AbEl A e B7PrEt skt skelch
2 A5 =8 AyE Aeshd o 2tk

AR, o7 24 AAF B S50l tisto] oy 24
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