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The Relation Between Work-Related Musculoskeletal Symptoms and
Rapid Upper Limb Assessment(RULA) among Vehicle Assembly Workers

Jae young Kim, Jae wook Choi, Hae joon Kim

Dept. of Preventive Medicine and Institute for Environmental Health,
College of Medicine, Korea University

Objectives. This study was conducted to evaluate the associ-
ation between upper extremity musculoskeletal symptoms and
Rapid Upper Limb Assessment(RULA) in vehicle assembly line
workers. The goal of this study is to show the feasibility of RULA
as a checklist for work related musculoskeletal symptoms
(WMSDs) in Korean workers.

Methods. The total number of 199 people from the department
of assembly and 115 people from the department of Quality
Control(QC) in automotive plant were subjects for this cross
sectional study. A standard symptom questionnaire survey has
been used for the individual characteristics, work history,
musculosketal symptoms and non-occupational covariates. The
data were obtained by applying one-on-one interview for the all
subjects. RULA has been applied for ergonomic work posture
analysis and the primary ergonomic risk score was computed by
RULA method. Association between upper extremity muscu-
loskeletal symptoms and RULA were assessed by multiple logistic
regression analysis.

Results. A total of 314 workers was examined. The prevalence
of musculoskeletal symptoms by NIOSH case definition was
62.4%. The distribution of musculoskeletal symptoms by the part
of the body turned out to be following; back:41.4%, neck: 32.8%,
shoulder: 26.4%, arm: 10.5% and hand:29.3%.

The relationship of the individual RULA scores were statistically
significant for the prevalence of musculoskeletal symptoms. As the
result of the multiple logistic regressioin analysis, grand final score

(OR=2.250 95% Cl: 1.402-3.612) was associated with
musculoskeletal symptoms in any part of the body.; upper arm
score{(OR=1.786 95% Cl: 1.036-3.079) and posture score
A(OR=1.634 95% CI: 1.016-2.626) in neck; muscel use
score(OR=3.076 95% Cl:1.782-5.310) and posture score
A(OR=1.798 95% Cl: 1.072-3.017) in shoulder; upper arm
score(OR=1.715 95% Cl: 1.083-2.715) and muscel use
score(OR=2.057 95% C1:1.303-3.248) in neck & shoulder; muscle
use score(OR=10.662 95% Cl: 3.180-35.742) in arm; writst/twist
score(OR=2.068 95% CI: 1.130-3.788) and muscle use
score(OR=2.215 95% CI: 1.284-3.819) in hand & wrist.; muscie
use score of trunk (OR=2.601 95% CI: 1.147-5.901) in back.
Conclusions. Musculoskeletal symptoms of the upper extrem-
iies were strongly associated with individual RULA body score.
These results show that RULA can be used as a useful
assessment tool for the evaluation of musculoskeletal loading
which is known to contribute to work-related musculoskeletal
disorders. RULA also can be used as a screening tool or
incorporated into a wider ergonomic assessment of epidemio-
logical, physical, mental, environmental and organizational factors.
As shown in this study, complement of the analysis system for the
other risk factors and characterizing between the upper limb and
back part will be needed for future work.
Korean J Prev Med 1999;32(1):48-59
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Figure 1. Scoring sheet of RULA.
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Table 1. General characteristics of the subjects

No. of workers (%)

Characteristics Sub/Assembly Fittingout Completion QC Dept. Total
Age(years)*
20-29 36(31.3) 18(30.5) 1( 4.0) 4( 3.5) 59(18.8)
30-39 66(57.4) 38(64.4) 16(64.0) 82(71.3)  202(64.3)
40-49 8( 6.9) 2(34) 6(24.0) 17(14.8) 33(10.5)
50 - 5( 4.4) 1017) 2( 8.0) 12(10.4) 20( 6.4)
Marital Status
Married 36(31.3) 25(42.4) 1( 4.0) 9( 7.8) 71(22.6)
Unmarried 79(68.7) 34(57.6) 24(96.0) 106(92.2)  243(774)
Education
Middle school 3( 2.6) 3( 5.0 5(20.0) 11( 9.6) 22( 7.0)
High school 111(96.5) 56(95.0) 2((80.0) 97(84.3)  284(90.5)
College 1( 0.9) - - 7( 6.0) 8( 2.5)
Work duration(years)*
-4 34(29.6) 20(33.9) 1( 4.0) 4(3.5) 59(18.8)
5-9 51(44.4) 26(44.1) 11(44.0) 52(45.2) 140(44.6)
10-14 20(17.4) 10(16.7) 6(24.0) 36(31.3) 72(22.9)
15- 10( 8.7) 3(5.1) 7(28.0) 23(20.0) 43(13.7)
Total 115(1000)  59(1000)  25(100.0) 115(100.0) 314(100.0)

* 1 statistically significant at p<0.05

Table 2. Prevalence of musculoskeletal symptoms by part of body and working dept.

No. of workers (%)

© £ 9+¢] Grand final score®} A4

AsS:gbly Fittingout Completion As-ls—gs\llbly QC Dept. Total
neck 35(304)  27304)  6(240)  68(342)  35(304)  103(32.8)
shoulder*  43(37.4)  17(288)  6(240)  66(332)  17(148)  83(26.4)
arm* 21(183)  9(153) - 303150)  3(26)  33(105)
hand* 48(41.7) 23(39.0) 4(16.0) 75(37.7) 17(14.8) 92(29.3)
back* 57(49.6)  38(644)  3(120)  98(492)  32279)  130(41.4)
;’;{ O(ffal')‘gdy* 81(704)  50(847)  9(360)  140(704)  56(48.7)  196(62.4)
;‘;g‘;{ G OABT)  32542)  8(320) 961482 39339)  135429)
arm/and*  55(47.8)  26(d4.1)  4(160)  85@27)  20(174)  105(334)
Total 115(1000)  59(100.0)  25(100.0)  199(100.0) 115(100.0) 314(100.0)

* : statistically significant at p<0.05
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Table 3. RULA score by working department {(Mean+SD)
Sub/Assembly Fittingout Completion QC Dept.
Upper Arm Score * 3.16+0.962 2.99+0.88 336+125 2.80+0.78Y
Lower Arm Score* 143+0.542 1.44+0.59% 1.64+0.48 1.69+0.54b
Wrist Score* 2770+0.68% 2.57+40.59% 2.52+0.96% 1.69+0.54°
Wrist/Twist Score* 13440472 1.23+042% 1.12+033 1.05+0.22b
Posture Score A* 3.86+1.302 3.51+0.962 3.92+1.89% 2.89+0.86"
Muscle Use Score* 0.95+0.20% 0.89+0.302 0.12+0.03 0.00+0.00°
Force/load Score* 0.61+0.07? 0.11+0.03b 0.08+0.02° 0.18+0.06°
Final Wrist & Arm Score* 5.38+1.41% 4.50+1.08? 4.12+1.982 3.06+1.27°
Neck Score* 240+1.022 2.46+0.98% 2.68+1.062 2.04+0.65b
Trunk Score* 268+1.28% 322+1.21b 236+1.28? 243+1.03%
Leg Score 1.10+0.302 13240470 1.1040.33 1.1540.36
Posture Score B* 3.95+1.682 46141572 4.04+1.76 329+1.670
Final Neck,Trunk & 42041888 46741502 4124187 3574174
Leg Score*
Grand Final Score* 52141312 5.11+1.26a 4.52+1.96a 3.61+147b

*: statistically significant(ANOVA) at p<0.05
a,b: group with the same letter were not significantly different(p>0.05) by scheffe test.

Mean score

awrist

aupper

ascore bscore afinal bfinal
Factors of RULA

|D asx.group* B sx.group**

final

Figure 4. Mean RULA scores in symptom group versus asymptom group.
*: asx. group& ZEAA ALFdel Y L ¥ sx.group

awrist : wrist score

ascore : posture score A
afinal : final wrist & arm score
final : grand final score

Table 4. Factors of RULA and other work-related factors significantly correlated

bscore : posture score B

2B 4450 S 7
aupper : upper arm score

bfinal : final neck, trunk & leg score

with musculoskeletal symptoms

Sx.group Neck Shoulde

r Neck+
Shoulder

Am  Hand

Am+

Hand Back

Age

Work duration
Work process
Vibraion tool use
Repetition

Upper Arm Score

Lower Arm Score

Wrist Score

Wrist/Twist Score
Posture Score A

Muscle Use Score A
Final Wrist & Arm Score
Muscle Use Score B
Grand Final Score

E I

E I S R R

*

L

L S S
*

L

L S
* K% ¥ X ¥

I
* ¥ K * K

* % ¥ X X ¥
* O K ¥

9 A4F 359 F A9 %
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Table 5. Multiple logistic regression analysis of RULA score by symptom group

and back sympom.

SX. group

back sx

age
work duration
repetition
vibration tool use
muscle use score
grand final score

2.346(1.452-3.793)*
2.183(1.347-3.537)*
2.775(1.689-4.560)*

2.333(1.363-3.659)*
2.198(1.354-3.570)
1.900(1.161-3.111)*
1.937(1.160-3.237)*
2.601(1.147-5.901)*

2.250(1.402-3.612)* NS

*: p<0.05

NS: not statistically significant.

Table 6. Multiple logistic regression analysis of RULA score by neck symptom

and shoulder symptom.

neck sx shoulder sx neck + shoulder
age 2.623(1.531-4.493)* NS 2.130(1.313-3.456)*
repetition NS NS NS
vabration tool use NS 2.130(1.267-3.581)* NS
upper arm score 1.786(1.036-3.079)* NS 1.715(1.083-2.715)*
muscle use score NS 3.076(1.782-5.310)* 2.057(1.303-3.248)*
posture score A 1.634(1.016-2.626)* 1.798(1.072-3.017)* NS
*: p<0.05

NS: not statistically significant.

Table 7. Multiple logistic regression analysis of RULA score by arm symptom and

hand symptom.

am sx hand sx arm + hand sx
age NS 1.833(1.056-3.182)* NS
work process NS 1.527(1.230-1.895)* NS
repetetion NS NS 2.158(1.287-3.619)*
vibration tool use NS NS 2.715(1.656-4.450)*
wrist/twist score NS 2.068(1.130-3.786)*  2.339(1.283-4.264)*

muscle use score 10.662(3.180-35.742)

2215(1.284-3.819)*  2.441(1.441-4.133)*

*: p<0.05
NS: not statistically significant.
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% F-F-(repetition), 7531 AHET
(vibration tool use), &4 (work
duration)7} 242}5433 SAX o2 79
3 AFE B THp<0.05).
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