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Development of Work-related Musculoskeletal Disorder Questionnaire

purpose of AUC reliability test.
Results :

N

Using Receiver Operating Characteristic Analysis

Jaiyong Kim, Ho-Jang Kwon", Yeongsu Ju, Soo-Hun Cho, Dachee Kang,
Joohon Sung, Seong-Woo Choi, Jae-Wook Choi?, Jae-Young Kim?, Don-Gyu Kim?

Department of Preventive Medicine, Seoul National University College of Medicine & Institite of Environmental Medicine, SNUMRC
Department of Preventive Medicine, Dankuk University College of Medicine”
Department of Preventive Medicine, Korea University College of Medicine?

Objectives : Receive Operating Characteristic(ROC) curve with
the area under the ROC curve(AUC) is one of the most popular
indicator to evaluate the criterion validity of the measurement tool.
This study was conducted to develop a standardized questionnaire
to discriminate workers at high-risk of work-related
musculoskeletal disorders using ROC analysis.

Methods : The diagnostic results determined by rehabilitation
medicine specialists in 370 persons(89 shipyard CAD workers,
113 telephone directory assistant operators, 79 women with
occupation, and 89 housewives) were compared with participant’ s
own replies to ‘the questionnair on the worker s subjective
physical symptoms’ (Kwon, 1996). The AUC' s from four models
with different methods in item selection and weighting were
compared with each other. These 4 models were applied to 225
persons, working in an assembly line of motor vehicle, for the

In a weighted model with 11 items, the AUC was

Seo-Gui-Po City Health Center®

0.8155 in the primary study population, and 0.8026 in the
secondary study population(p=0.3780). It was superior in the
aspects of discriminability, reliability and convenience. A new
questionnaire of musculoskeletal disorder could be constructed by
this model.

Conclusion : A more valid questionnaire with a small number of
items and the quantitative weight scores useful for the relative
comparisons are the main results of this study. While the absolute
reference value applicable to the wide range of populations was
not estimated, the basic intent of this study, developing a
surveillance tool through quantitative validation of the measures,
would serve for the systematic disease prevention activities.

Korean J Prev Med 1999;32(3):361-373

Key words : Receiver operating characteristic, Questionnaire,
Surveillance, Musculoskeletal disorder.
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Applying same musculoskeletal questionnaire to
primary study population.

{

Analyzing data of primary study population.
( Total=370)

L &

Reassembling & weighting of each question items
within 4 models(Correlation & regression analysis).

1

Confirmative applying 4 models to secondary study
population. ( Total=225)

. g

Criterion validity estimation
(ROC analysis using area under the curve)

. &

Developing valid & reliable musculoskeletal
questionnaire with simple form.

Figure 2. Schematic flow chart of the questionnair reassembling process.
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Table 1. ltem groups included in the ‘Questionnaire on the worker s subjective

physical symptomns’ (Kwon, 1996)

Content of question items groups No. of items
Personal information(name, gender, address, education, marriage etc.) 10
Neck symptoms 13
Shoulder symptoms 13
Elbow symptoms 13
Hand and wrist symptoms 13
Ocular Symptoms 7
Past medical history and life style 13
Household affairs and hobbies 4
Conditions of past and current job 7
Self-consciousness on current job stress 16
Total 109
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Table 2. ltem selection criteria and total weight scores in each model

, [tem selection criteria

Total weight score

All the question items asking the subjective

Model 1 symptoms(n—-52)

é‘ (Rj)

Quesuon items with thh internal consistency

which is included in the question groups
having statistically significant association
with myofasc1a1 pam syndrome(n—lO)

Model 2

Quesuon items showmg high score statistics
derived from automatic variable selection

Model 3
process in loglstlc regress1on(n_10)

Model 4 Quesuon items asking the symptom

regions(m=4) and symptom severities(n=7).

jgl‘ (Byi+1)

%nf st ‘:?(/o’ +4,)

n = number of the selected question items.

m = number of the symptom regions checked in the questionnair.
Rj = response score of jth question by the ordinal scale(1,23,... etc.).

fri = parameter estimate of ith region showing subjective symptom
(i=1 for neck, 2 for shoulder, 3 for elbow, 4 for hand & wrist).

Ayj = parameter estimate of jth question item for the subjective symptoms.
Sj= parameter estimate of each dummy variable by response level of subjective symptom severity

in jth question itemn.
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_PpXIR @
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p=prevalence or prior probability.

P=positive predictive value or posterior probability.

LR=likelihood ratio.
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Table 3. Demographic and work-related characteristics by occupational groups

Shipyard  Telephone directory Women with
Group CAD workers operators occupation®  Housewives
(Persons, n=370) (89) (113) (79) (89)

Gender Male Female Female Female
Mean (S.D.) Mean (8.D.) Mean (S.D.) Mean (S.D.)
Age* 32367 385(44) 354 (4.0) 399(6.2)
Work year* 9.0(5.7) 18.1(4.9) 9.8(5.8) 15.7(6.9)
No. (%) No. (%) No. (%) No. (%)
Education!  College 54 (60.7) 8(71) S1(646) 29(326)
High school 35(39.3) 86(76.1) 27(342) 48(539)
Below middle school - 17(15.0) - 3(34)
Missings - 2(18) 1(1.3) 9(10.1)
Marriage!  Married 65(73.0) 107(94.7) 60(76.0) 83(93.3)
Not married 24(270) 5( 44) 19(24.1) 1( 1.1)
Household"  Labor 26(29.2) 57(504) 38(48.1) 79(88.3)
Care 19(21.4) 15(133) 15(19.0) 9(10.1)
Sympom' Neck  59(663)  100(885)  46(582)  49(55.1)
Prevalence  Shoulder 43(532) 90(79.7) 42(53.2) 53(596)
Elbow 10(11.2) 48 (425) 10(12.7) 18(20.2)
Hand 38(42.7) 84(74.3) 24(304) 38 (42.7)
None of above 12(13.5) 4(35) 18(22.8) 19(214)
Myofascial Pain Synd.(+)30 (33.7) 53 (469) 19(24.1) 21(23.6)

*: p<0.01, by ANOVA (between 4 groups)
': p<0.01, by chi-square test (between 4 groups)

*: This group consists of nurses(34), insurance counselors(15), public officials(14), and clerks(16).
:In CAD workers, it s nota prevalence, but an arbitrary proportion. The minimal prevalence

could be 3.8 %(30cases / 787subjects).

Labor : household loboring, alone / Care : taking care of children < 2yr. or elderly, disabled.



Table 4. Distribution of risk factors in MPS(+) group vs. MPS(-) group

. Persons, MPS(+) group MPS(-) group
Risk factors ;. orporated (n=123) (n=047)
No. Mean (SD) No. Mean S.D)
Age(yr.) 369 122 363 (58) 247 368 (59)
Work year 348 117 138  (7.1) 231 133 (69)
No. (%)* No. (%)'
Gender Male 89 30 (244) 59 (239)
Female 281 93 (75.6) 188 (76.1)
Education College 142 44 (35.8) 98 (39.7)
High school 196 64 (52.0) 132 (534)
Below middle school 20 13 7 -
Missings 12 2 10 -
Marrage Married 15 105 (854) 210 (81.0)
Not married 49 15 (12.3) 34 (13.8)
Household Labor Yes. 200 62 (50.4) 138 (559)
No. 149 51 (41.5) 98 (39.7)
Care Yes. 58 16 (13.0) 42 (17.0)
No. 84 19 (154) 65 (26.3)
* : The denominator is the number of persons in the MPS(+) group(n=123).
' : The denominator is the number of persons in the MPS(-) group(n=247).
Labor : household loboring, alone / Care : taking care of children < 2yr. or elderly, disabled.
Table 5. Symptom prevalence in MPS(+) group vs. MPS(-) group
Persons MPS(+) group MPS(-) group
Regions incorporated (n=123) (n=247)
No. (%o)y* No. (%)!
Neck! 254 113 (91.8) 141 (579)
Shoulder* 228 106 (86.2) 122 (494)
Elbow* 86 42 (342) 44 (17.8)
Hand' 184 84 (68.3) 100 (405)

* : The denominator is the number of persons in the MPS(+) group(n=123).
t: The denominator is the number of persons in the MPS(-) group(n=247).

t: p <0.01, by chi-square test(between 2 groups)

Table 6. Selected questions and weights of each question in model 2 and model 3

Weights by response level

ltems in Remsin

Region  Questions in item 1* 2 3 4 5 Model2 Model3
Frequency of symptom 6 21 23 32 35 (
Severity of symptom 7 24 30 37 41 ® [
Neck Onset(before vs. after current job) 10 26 ®
Relation to current job history 9 22 34 ]
Symptom since last week 16 25 ° [
Self treatment since last year 10 21 27 ° °
Frequency of symptom 5 15 22 20 31 o
Severity of symptom 7 19 26 35 50 o [
Shoulder Onset(before & after current job) 9 24 [ )
Relation to current job 8 19 29 ® ®
Symptom since last week 13 35 ® ]
Self treatment since last year 10 25 23 ® ®

* : Weights in primay response level = weights in each item + 0
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Table 7. Selected questions and weights of each question in model 4

Weights by response level

Questions in item

1 2 3 4 5
Neck Symptom 0 21
Shoulder symptom 0 18
Elbow symptom 0 9
Hand and wrist symptom 0 12
Duration 5 16 18 19 28
Frequency 7 21 24 31 39
Severity 9 25 38 4 40
Onset(before vs. after current job) 13 34
Relation to current job history 13 19 34
Symptom since last week 21 62
Self treatment since last year 9 19 25

Table 8. Demographic and work-related characteristics in secondary study

population
Group Automobile MSD{+)* MSD(-)
(Persons, n=225) assembling worker group group
(n=225) (n=29) (n=196)
Mean (SD.) Mean (S.D.) Mean (S.D.)
Age! 326 (5.0 33.2(5.1) 325(5.0)
Work year' 87 4.1) 8.8(3.9) 8.7(4.2)
No. (%) No. (%) No. (%)
Education College 3(13) 0(00) 3(1.53)
High school! 208 (92.4) 27(93.1) 181(92.4)
Below middle school* 12 (5.3) 2(69) 10(5.1)
Missings 2(09) 0(00) 2(1.0)
Marrage Married 165 (73.3) 23(79.3) 142(72.5)
Not married* 54 (24.0) 5(172) 49(25.0)
Symptom Neck 139 (61.8) 22(759) 117(59.7)
Prevalence Shoulder 139 (61.8) 25(86.2) 114 (58.2)
Elbow 64 (284) 14 (48.3) 50(255)
Hand 103 (45.8) 21(724) 82(41.8)
None of above 32 (142) 0(0.0) 32(16.3)
Musculoskeletal disorder(+) 29 (12.9)

*: MSD means musculoskeletal disease.

' p>0.05, by ANOVA (between MSD(+) group & MSD(-) group).
! : p>0.05, by Chi-square test (between MSD(+) group & MSD(-) group).
$ . In the percentage columns, the denominators are 223, 29, and 196, according to the order.
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Figure 4. Box plots of score distribution with 90% confidence
interval according to the diagnosis in 4 models.
(-} : noraml / (+) : myofascial pain syndrome

Figure 3. Mean of scores according to each model in
four occupational groups.
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Figure 5. ROC plots in the primary and secondary study population by model 1 to 4.
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to three slopes by the order of cut-off points.
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Figure 8. Designated cut-off point scpres according to each
slope.(Sens : Sensitivity / Spec : Specificity)

Figuré 9. Selection of cases & controls for ROC analysis.

Table 8. The AUCs in the primary and secondary study populations by model 1 to 4

AUC in the AUCin the One-tailed
primary population. secondary population. p-value
(95% C.I.) (95% C.1.)
Model 1 0.7942 0.7269 0.1106
(0.7480~0.8404) (0.6295~0.8242)
Model 2 0.8245 0.7236 0.0383
(0.7815~0.8674) (0.6204~-0.8268)
Model 3 0.8344 0.7248 0.0267
(0.7927~0.8761) (0.6217~0.8278)
Model 4 0.8155 0.8026 0.3780

(0.7714~0.8595)

(0.7343~0.8709)
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