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The Development of a Checklist for Quantitative Assessment of Risk Factors and Management

of Cunmlative Trauma Disorders :

Application to Automebile Assembly Lines

Yun-Keun Lee’ + Hyun-Wook Kim” - Shang-Hyuk Yim - Hee-Sok Park”

Wonjin Institute for Occupational and Environmental Health, Dept. of Preventive Medzcme, Catholic University”
Dept. of Industrial & Information Engineering, Hongik Umverssz‘y

Objectives : This study was designed to develop and
standardize a checklist for ergonomic risk factors, and to
provide ergonomic guidelines for managing cumulative
frauma disorders (CTDs) in automobile assembly lines,

Methods : The Checklist for Ergonomic Risk Factors
(CERF-1) was developed based on the results of previous
studies, and then modified after performing pilol study.
Information on the symptoms possibly related with CTDs was
obtained using a self-reporled questionnaire from 465
automobile assembly workers. Their job conditions were

examined to assess risk factors through both direct
observation and video analysis.
Results : Rate of detecting risky job through CERF-1 was

85.6%, and was similar to that (88.8%) by Occupational
Safety and Health Adminstration{OSHA) checklist but higher
than that (63.7%) by American National Standards Institute
(ANSI) 7-365. Relationship of the exposure scores derived
from CERF-1 with levels of symptom was grealer (=0.49)

than OSHA (.=0.28) and ANSI 7-365 (+=0.22). Considering
the relationship, jobs scoring higher than 16 could be
classified as the Risk Job, and fower than 16 as the Low Risk
lob. Sensitivity and specificity of the Risk job were 925 %
and 31.5 %, respectively. Odds ratio (OR) after age adjus-
{ment was 5.69 (95 % confidence interval 3.15-10.29) for the
Risk fob, and these ORs were significantly different from
those of the Low Risk Job, The exposure scores were quite
valid, in that the scores at the main survey were significantly
correlated with those at the follow-tp survey, as suggested
by test-retest(r=0.88) and inter-rater reliability(r=0.80).

Conclusions : The CERF-1, developed in this study, will
be an efficient tool for evaluation of risk jobs for CTDs in
automobile assembly lines, and can be used easily by health
care providers.

Key Words : Cumulative trauma disorders, Risk factors,
Checklist, Job analysis, Management criteria
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Table 1. Awkward work postures defined in existing checkiists related to cumulative

trauma disorders

Body part RULA" OSHA” BRIEF’ ANSI?
pinch grip
. pinch grip pinch grip power grip
Hands/ r/u dev power grip finger press key strokes
wrists fx/ex<0-15,>45 fi >20 ° r/u dev trigger action
ex >30° fifex =45 ° t/u dev
fifex =45 °
Elbows/ x<60-100, i forearm rot
- a—" >100,.<60 * forearm rot fl ex forearm rot
1X/ex<20,20-45, elevation raised =45 ° x=>45,90 °
Shoulders 4590 S0 ° arm behind body  abd=4590°
. bent =20 o
o bent =20 g x=>20,45
Neck fx<10,)1(?3@i20 twisted >20 * bs 1dl(z\v;a)./§ d;v ex>20,45 °°
e backwards =5 . t\N?;tesci V' rotation =45
. bent=>20 5
Low o fx=20/45 . % =>20,45
back £x<20,20-60,=60 twisted sideways dev rotation=>45 *
twisted
s squat SauaL squat
Legs stability Ty kneel feins]

stand on one leg

1) Rapid Upper Limb Assessment, RULA(McAtemney & Corleet, 1993).

2) Occupational Safety and Health Adminstration(OSHA, 1995).

3) Baseline Risk Identification of Ergonomic Factors, BRIEF(Humantech Inc., 1995).

4) American National Standards Institute Z-365(ANSI, 1996).

*r/u dev : radial/ulnar deviation, Tf: flexion, Tex: extension, Il forearm rot : forearm rotation
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Table 2. Criteria of risk factors adopted in this study

(Armstrong et al., 1982 ; Moore & Garg,
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A7 S H5H|MeAlemey & Corleet,
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% 3t1l Sl RULA(Rapid Upper Limb
Assessment, McAtemney & Corleet, 1993)
4 BRIEF(Baseline Risk Identification of
Ergonomic Factors, Humantech Inc., 1995)
S} OSHA(1995) 2 ANSI(1996)0l14] 3t
FAES A4 AN TR} B} 7)E
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A8 add doig F3H IAs
NIOSH(1997)¢l14] 7+ A4 -9 93
Q19| A8k 7 (epidemiologic evid-
ence)Z AAISIL Sl AT A9} 71ef
NEAN A Pamela ef al, 1977 :

Body Work posture Boion Repetition Static Total exposure Others
part (=1 hour total exposure duration) (no./min) duration(sec) duration(hr)
Fingers/ (D Pinch/Finger press/Power grip/ @O >4.5kg @ =200 D =210- 9 D2 ¢4 (D Contact
Hand/ Wrist deviation/Wrist flexion or (wrist) (Fingers)/ @ =30 @ >4 stress
Wrists extension(20-44° ) > 1kg(fingers) 2-9(wrist) O H-A
() Extreme wrist flexion or Extreme @ =10(wrist) vibration
extension(=>45° ) force
Elbow/ (D Forearm rotation / D >4.5kg D 29 D =10- Q9 D2« (D Contact
Forearm Extreme elbow extension @) Extreme @ =10 @ =30 @ =4 stress
force
Shoulders (D) Flexion/Abduction(=>45-89° ) @ >4.5kg D2 4G O =10-29 O2- 4
@ Extreme flexion or abduction (3 Extreme ® >3 @ =30 @ =4
(=90" ) force
Neck (D Flexion or twisted sideways @ Weight D23 DO >10- 9 D2 ¢4
(=20-44" )/ Extension(>10-19° ) (head gear) @ =3 @ =30 @ >4
@ Extreme flexion or twisted side
ways(=45" )/Extreme extension
(20" )
Low (D Flexion or twisted sideways @ Lift/push D23 @O =10- 9 D2 ¢4 @ Whole
back (=20-44" )/ Extension(=10-19° ) or pull/ @ =3 @ 230 @ =4 body
@ Extreme flexion or twisted side carry(=9g) vibration
ways(=45" )/ @ =225 kg
Extreme extension(=>20" )
Legs (D Squat/Kneel/Foot pedal/ @ >4.5kg D2 G @ =10- 29 @2 4
Stand on one leg ) Extreme @ =3 @ 230 @ >4
force

Others

@ Low temperature(<77C)

(D Machine paced task

@ Routine overtime

"H-A vibration :

Hand-Arm vibration ; @, @), @ =

score 1, 2, 3
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Table 3. Management categories based on risk factor scores

Category Activities Cut-off point

Normal ~ No action required When CTDs symptoms are
job negative

—_— Actions like education and follow up on ~ When CTDs symptoms are
; task or symptoms should be taken in the  between positive 1 and
jab future positive 2 criteria

Actions including education, stretching ~ When CTDs symptoms exceed
Ridk ok exercise, screening physical examination,  positive 2 criteria

be taken as soon as possible

and detailed exposure assessment should

*positive 1 criteria - those who experienced symptoms either once per month or for longer than a week

over the last year.

posmve 2 criteria * those who experienced moderate, severe, or very severe pain, with symptoms
occurred once per month, and for longer than a week over the last year.

Table 4. Prevalence of CTDs based on self-reported symptoms

(n=465)

Characteristics CTDs Positive, n(%)
Body parts

Shoulders 227 (48.3)

Wrist and hands 206 (44.3)

Low back 196 (42.2)

Legs 166 (35.7)

Elbow and forearm 148 (31.8)

Neck 146 (31.4)

Any part of the body parts 332 (714)
Age(yr)' »

20 - 29 69 (64.5)

30 - 39 109 (72.7)

40 - 49 93 (86.1)

50 - 60 35 (79.5)
Tasks "

Automobile fittings assembly 178 (74.8)

Stamping 30 (73.2)

Frame assembly 99 (69.7)

Painting 25 (56.8)

"p<0.01 by r-test,

Tprevalence of any part of the body parts.
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Percent of risk job \

85.6
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Figure 1. Percent of risk job as risk factor scores using OSHA, CERF-1,
and ANS| Z- 365 checklists. Threshold score of risk job were OSHA
score>6, ANSI score>10, and CERF-1 score=16
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Table 5. Exposure rates of risk factor scores by body part and risk factor characteristics

using the CERF-1 checkist (n=465)

Risk factors Exposure rate (%)
Risk factors by body part
Hand and wrists 49.5
Shoulders 46.0
Low back 32.0
Neck 289
Elbow and forearm 243
Legs 20.8
Characteristics of risk factor
Awkward posture 581
Total exposure duration 38.1
Static posture duration 373
Repetition 22.7
Force 14.8

*Exposure rate (%) : risk factor scores/full number of point.
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Table 6. Risk factor scores according to positive or negative CTDs by self-reported

-symptoms (mean=SD)

Numbers(%) OSHA ANSI Z-365 CEREF-1
CTDs (-)' 133(28.6) 79%35 10.1£2.9 19.1£7.37
CTDs (H)* 332(71.4) 8.512.1 104£23 243157
;p<0.05 ; "p<0.01 by t-test CTDs(-) to CTDs(+)
CTDs (-) : negative of cumulative trauma disorders by self-reported symptoms.
*CTDs (+) : positive of cumulative trauma disorders by self-reported symptoms.
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Figure 2. Distribution of risk factor scores by the CERF-1 checklist and
: those who experienced
symptoms either once per month or for longer than a week over
the last year, positive 2 : those who experienced moderate,
Severe, or very severe pain, with symptoms occurred once per
month, and for longer than a week over the last year)
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Figure 3. Exposure scores and symptom prevalence according

to hazard classification based on risk factor scores
by the CERF-1 checklist (n=465, normal job :score<
9, low risk job : 10<score<15, risk job : score>16)
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Table 7. Odds ratios from multiple logistic regression analysis of CTDs on exposure
scores using CERF-1, OSHA, and ANS| Z-365 checklists (n=465)

Checklist Numbers(%)  CTDs(+), n(%) OR(95% CIy

CERF-1

Normal or low risk job 67 (144) 25 (373) 100

Risk job 398 (85.6) 307 (77.1) 5.69 (3.15-10.29)
OSHA

Low risk job 5 (112) 21 (404) 1.00

Risk job 413 (88.8) 311 (75.3) 4.51 (2.38-8.54)
ANSI Z-365

Low risk job 169 (36.3) 110 (65.1) 1.00

Risk job 296 (63.7) 222 (75.0) 1.93 (1.21-3.07)

"CTDs (+) : positive of cumulative trauma disorders by self-reported symptoms.
“OR (95 % CI) : odds ratio (95 % confidence interval) adjusted by age and task.

Table 8. Correlation coefficients as exposure-response relationship, test and retest, and
inter-rater reliability using CERF-1, OSHA, and ANSI Z-365 checklists

CERF-1 OSHA ANSI Z-365
Exposure-response relationship 0.49:: 0.28: 0. 22
Testand retest’ 0.88 0.94 0. 94
Inter-rater reliability® 0.80 0.89 067"

TPamall correlation coefficients between CTDs symptom scores and risk factor scores (n=465).
Pealsons correlation coefficients between test and retest of exposure scores (n=102).
Spearmans correlation coefficients of exposure scores between health care providers and ergonomist(n=30).
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Table 9. Correlation coefficients between test and re—test of
checklist (n=102)

Risk factors

Pearson's correlation coefficient

Risk factors by body part

Neck 093"
Legs 091"
Low back 090"
Shoulders 0.84"
Elbow and forearm 080"
Hand and wrists 071"
Characteristics of risk factor ‘
Exposure duration 0.92“
Static posture duration 091
Awkward posture 0. 89
Repetition 0. 81
Force 065"
“p<0.01
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Table 10. Validity of the CERF-1

checklist by management category as exposure scores

Migfe%::;;m Exposwre  CTDs(®) CTDs()”  Total  Validity(%)
Exceeding scores =10 331 119 450 e

low risk job scores<10 1 14 15 :enili%\;):l 0'2

(scores > 10) fotal 332 133 g5 Speenmeny=il
Exceeding scores =16 307 91 398 we
risk_job scores<l6 25 0 0 o

(scores >16) fotal 332 133 dgs  ERlEIyL

"CTDs(+) : positive of cumulative trauma disorders by self-reported symptoms.

“CTDs() :
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