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Objectives Efforts to understand or to monitor upper-extremity musculoskeletal disorders among workers
have usually involved the use of questionnaires. The goal of this study was to assess the test-retest reliability of
an upper-extremity discomfort questionnaire among industrial workers.

Metheds Test-retest agreement among 148 workers was analyzed using the kappa coefficient for categorical
outcomes. Values of kappa greater than 0.75 are considered excellent, values between 0.40 and 0.75 are fair to
good, and values of less than 0.40 represent poor agreement beyond chance alone. Test-retest results of
continuous measures (eg, visual analogue scale responses) were compared with paired t-tests.

Results The test-retest reliability of the questionnaire used to elicit demographic information, medical history,
exercise participation, and information on musculoskeletal symptoms among industrial workers appears to be
good to excellent in most instances.

Conclusions These results suggest that most results of this discomfort questionnaire are reliable and suitable
for use in epidemiologic studies. For reassurance of the robustness of these findings, similar studies should be

carried out in other worker populations with this, and other, questionnaire instruments,

Key terms ergonomics, kappa coefficient, musculoskeletal disorders, reliability, surveillance.

Various reports have indicated that upper-extremity mus-
culoskeletal disorders related to work increased dramati-
cally in the 1980s and early 1990s (1, 2). More recently,
it appears that incidence rates may have leveled off (3).
Although the temporal trends may be changing, this cat-
egory of disorders remains financially costly to workers
and employers and is a significant cause of morbidity
among afflicted workers.

Many efforts to understand or to monitor such disor-
ders among workers have involved the use of question-
naires, sometimes in conjunction with a variety of med-
ical screening procedures or ergonomic assessments of
job tasks. Such survey tools have typically included
questions pertaining to demographics, past medical

history, avocational activities, and musculoskeletal dis-
comfort in the neck and upper extremities. One of the
most widely used such symptom survey tools is the
Nordic survey (4). Unfortunately, there have been few
reports which describe the test-retest reliability of this
or any other musculoskeletal survey instrument when
applied within an employed population, and such re-
ports have typically involved small numbers of subjects
(5, 6).

As part of an ongoing medical study of active work-
ers, we had the opportunity to readminister the question-
naire to workers at 1 study site. The present report de-
scribes the results of the test-retest analyses derived from
the readministration of the questionnaire.
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Test-retest reliablility of a discomfort questionnaire

Subjects and methods

Subject recruitment

The participants in this study were recruited from among
workers at a unionized plant manufacturing spark plug
and engine components in midwestern United States.
The plant was selected as part of a larger ongoing inves-
tigation of the relationship between workplace ergonomic
exposures and upper-extremity musculoskeletal dis-
orders. For the purposes of this ongoing investigation,
certain jobs in the plant were selected on the basis of the
frequency of repetitive hand movements [“low”, “me-
dium” and “high” (7)]. All the workers in selected jobs
with at least 6 months’ tenure in such jobs and employed
on the day or afternoon shifts were invited to participate
in the medical survey. For logistical reasons, only
workers with “medium” repetition jobs on the nightshift
were invited to participate.

There were 263 subjects eligible for, and invited to
participate in, the first round of this study, and 202 (77%)
were ultimately included. Eighteen of the round 1 partic-
ipants were employed on the nightshift; for logistical
reasons these 18 persons were not solicited to participate
in round 2. One hundred and forty-eight (80%) of the
remaining 184 round 1 participants completed question-
naires in round 2. Table 1 displays the demographic
characteristics for the 184 subjects who completed round
1 and were eligible for round 2, and table 2 shows job-

Table 1. Demographic characteristics of the study group.

related hand repetition categories, seniority, and symp-
tom prevalences for the same group.

The study participants provided written informed
consent which had been approved by the Human Sub-
jects Review Committee of the University of Michigan
School of Public Health. No personally identifiable re-
sults were provided to the company or union. Each par-
ticipant was sent a confidential summary of their person-
al medical survey test results, an interpretation of the
results, and recommendations for medical follow-up, if
indicated. All letters to subjects were sent after comple-
tion of the data collection in round 2 of the study.

Survey procedures

This study included 2 rounds of data collection from the
same cohort of workers. The round 1 medical survey
procedures included a self-administered questionnaire, a
physical examination focused on the upper extremities,
ulnar and median sensory nerve conduction studies in
both wrists, and measurement of anthropometric factors.
The examiners were masked to the data collected by
other members of the study team. The physical examina-
tion procedures, electrodiagnostic tests, and anthropo-
metric factors have been described elsewhere (8); these
results were not used in the present analyses.

The self-administered questionnaire focused on de-
mographic information, prior medical conditions, cur-
rent health status, and symptoms potentially related to

Age (years) Gender Hand dominance Race Education
Mean SD Male Female Right Left White Black  Hispanic Un- Less High Beyond  Unknown
known than school high
high school
school
N % N % N % N % N % N % N % N % N % N % N % N %
Round 1
(N=184) 442 102 100 54 84 46 170 92 14 8 160 87 11 6 10 5 3 2 8 4 126 68 47 26 3 2
Round 1
only
(N = 36) 447 105 21 58 15 42 36 100 X X 27 75 5 14 2 6 2 6 3 8 23 64 9 25 i3
Round 22
(N = 148) 440 101 79 53 69 47 134 91 14 9 133 9 6 4 8 5 1 1 5 3 103 70 38 26 2 1

2 Analyses of subjects who participated in round 2 based on round 1 responses.

Table 2. Job-related hand repetition categories, seniority, and symptom prevalences of the study group.

Hand repetition

Seniority (years) Prevalence of symptoms

Low Medium High Not rated Mean  SD Neck/ Elbow/ Wrist/
shoulder/ forearm hand/
upper arm finger

N % N % N % N % N % N % N %
Round 1 (N = 184) 79 43 18 10 8 46 2 1 187 98 80 43 57 3 78 42
Round 1 only (N = 36) 15 42 5 14 15 42 1 3 195 104 19 53 8§ 2 17 47
Round 22 (N = 148) 64 43 13 9 70 47 1 1 185 96 61 41 49 33 61 41

# Analyses of subjects who participated in round 2 based on round 1 responses.
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upper-extremity musculoskeletal disorders. The subjects
were queried about previous medical conditions in the
following manner: “Have you ever been told by a medi-
cal doctor that you have any of the following problems?
Please check 'No’ or ’Yes’. If you don’t recognize a
name or are not sure, check 'No’.

A variety of medical conditions potentially related to
upper-extremity musculoskeletal disorders was listed:
diabetes, rheumatoid arthritis, thyroid dysfunction, rup-
tured cervical disk, carpal tunnel syndrome, ulnar neu-
ropathy, other peripheral neuropathy, tendinitis, sprains,
broken bones in the upper extremities, thoracic outlet
syndrome, gout, rotator cuff injury, ganglion, degenera-
tive arthritis, use of medication, or history of any surgery
involving the neck or upper extremities.

The subjects were instructed to report a symptom if it
had been present in at least 3 separate episodes, or 1
episode had lasted more than 1 week, in the 12 months
preceding the survey. The survey queried subjects about
9 symptoms (burning, stiffness, pain, cramping, tight-
ness, aching, soreness, tingling and numbness) in each of
15 body locations (neck and right or left of each of the
following: shoulder, upper arm, elbow, forearm, wrist,
hand and fingers). For purposes of the analyses, if one or
more symptoms were checked for a body location, then
the finding was “positive” (eg, stiffness and pain in the
neck); if none of the symptoms was checked for a loca-
tion, then the finding was “negative”. In essence, check-
ing 1 symptom or 9 symptoms resulted in a “positive”
response for a body location. If any symptoms were
present, then the subjects were asked to rate the frequen-
cy of discomfort, the impact of such discomfort on work
standard or quality, whether he or she had sought a job
change related to the symptoms, and whether medical
treatment had been sought. The questionnaire also in-
structed the subjects to rate the severity of their current
discomfort and their worst discomfort in the 30 days
preceding the survey, in each of the 3 body regions
(neck, shoulders or upper arms, elbows or forearms, and
wrists, hands or fingers) using 10-cm visual analogue
scales. The left and right verbal anchors for the scales
were, respectively, “no discomfort” and “worst discom-~
fort imaginable”.

The women were asked to complete additional ques-
tions related to reproductive hormone status (currently
pregnant, current use of birth control pills, history of
double oophorectomy, history of hysterectomy, and his-
tory of natural menopause).

Because of concern and interest related to the carpal
tunnel syndrome, results for symptoms in the wrists,
hands, and fingers were grouped into various clinically
relevant combinations. In addition to analyzing results
for “all symptoms” in the wrists, hands and fingers,
symptoms potentially more indicative of carpal tunnel
syndrome (numbness, tingling, burning or pain in the

Franzblau et al

wrists, hands, or fingers) were also analyzed separately.
The subjects were also asked to complete hand diagrams
reflecting these 4 symptoms, which were then scored for
the likelihood of carpal tunnel syndrome (9).

The round 1 medical screening examinations were
performed by University of Michigan personnel in the
plant medical department during each worker’s normal
work hours; no one was required to arrive early or stay
late. In particular, workers were relieved from their job
duties for the time required to complete the entire survey
protocol (mean: approximately 70 min for the entire pro-
tocol — typically about 30 to 40 min to complete the
self-administered questionnaire). Note that this time was
separate from, and in addition to, regularly scheduled
breaks and lunch. All data from round 1 were collected
in 3 consecutive days.

The round 2 survey consisted solely of the readminis-
tration of a slightly abridged version of the question-
naire. This procedure was completed in 1 day for all
subjects 21 to 23 days after the first round of data collec-
tion. During the interval between rounds, there were no
modifications in job tasks, and no significant changes in
work load or production rates. In order to avoid addition-
al disruption to the work process, the workers who par-
ticipated in round 2 completed the questionnaire during
one of their regularly scheduled morning or afternoon
breaks, or their lunch break (about 22 min each). In
particular, they were not relieved of regular job duties to
participate in the second round, but they also did not
have to arrive early or stay late. Most participants in
round 2 completed the survey in less than 10 min.

The instrument used in round 2 was identical to the
questionnaire used in round 1, except for the deletion of
all psychosocial questions and some of the demographic
questions (eg, gender and race). Since the time available
to subjects for completing the questionnaires in round 2
was more limited, it was decided to reduce the number of
questions so that the participants would be more likely to
finish in the time allotted. The psychosocial questions
were largely derived from previously existing survey
tools whose reliability had been studied (10, 11, unpub-
lished report: Karasek RA, Pieper C, Schwartz J. Job
content questionnaire and user’s guide. Revision 1.1.
Department of Work Environment, University of Massa-
chusetts-Lowell, Lowell, MA 1985), so it was also felt to
be less critical to include these items in round 2.

Statistical analyses

The analyses were performed using STATA for Win-
dows, version 4.0 (12). The tests were considered statis-
tically significant if P<0.05. Test-retest agreement was
analyzed using the kappa coefficient. Where appropriate,
weighted kappa coefficients were calculated using quad-
ratic weights included with the program, which corre-
sponded to the intraclass correlation coefficient. Values
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of kappa greater than 0.75 are considered excellent,
values between 0.40 and 0.75 are fair to good, and values
of less than 0.40 represent poor agreement beyond chance
alone (13). It is known that the value of kappa depends,
in part, on the prevalence of “positive” findings: kappa
approaches zero when the true prevalence approaches
zero or 100% (14). Therefore, to aid the interpretation of
the kappa coefficients, the prevalences of “positive” find-
ings are presented for rounds 1 and 2, and these findings
are compared using the McNemar 2 test statistic. The
McNemar 2 test statistic (and corresponding P-value) is
shown only for the items which were significantly dif-
ferent between rounds (P <0.05).

Resulis

All values of kappa related to prior medical conditions
were in the “good” to “excellent” range. (See table 3.)
Questions related to female hormone status demonstrated
excellent test-retest reliability, except for current preg-
nancy. (See table 3.) The kappa coefficient for current
pregnancy is undefined due to P, = 0. Table 3 also lists
the results for hand dominance, any participation in reg-
ular exercise (yes, no), frequency of participation in reg-

ular exercise (<1 time a month, 1 time a month but <1

time a week, 1—2 times a week, and > 3 times a week),
and level of education (less than high school, high school,
and more than high school). The test-retest results for
these latter items were all good or excellent. Only “his-
tory of surgery involving the neck or upper extremities”
demonstrated a significant change in the overall preva-
lence between rounds 1 and 2 (P, = 31% and P, = 23%;
McNemar 2 = 12, P = 0.0005).

The results pertaining to symptoms involving the
neck, shoulders, or upper arms are shown in table 4. The
overall agreement on presence or absence of symptoms
anywhere in the neck, shoulders, or upper arms was
excellent (kappa = 0.76, 95% CI 0.60—0.92). Similarly,
the test-retest reliability for the presence or absence of
symptoms separately in the neck, right shoulder, or left
shoulder was excellent or nearly so. The kappa coeffi-
cients for upper-arm symptoms were good, but the re-
sults were lower than for the neck and shoulders. When
the subjects queried about difficulty in keeping up with
production or one’s usual standard of quality because of
neck, shoulder or upper-arm symptoms, the kappa
equaled 0.64 (95% CI 0.48—0.80). A similar question
inquiring if the worker had asked to change to a different
job in the last year because of such symptoms yielded
poor results (kappa = 0.39, 95% C10.23—0.55). It should
be noted that the prevalences of positive answers to this
question were fow (P, = 1% and P, = 2%); this result

Tahle 3. Medical history questions, hobbies, exercise and education. (95% Cl = 95% confidence interval, NA = not applicable)

Question or condition Observed Expected  Kappa 95% Gl Prevalence McNemar  P-value
agreement agreement coefficient of kappa? — x? of 2
(%) (%) Round1  Round 2

Hand dominance 99 83 0.92 0.76—1 0.09 0.09

Diabetes 100 90 1.00 0.84—1 0.05 0.05

Rheumatoid arthritis 99 93 0.79 0.63—0.95 0.03 0.03

Thyroid dysfunction 100 87 1.00 0.83—1 0.07 0.07

Ruptured disk, neck 97 82 0.85 0.69—1 0.10 0.10

Carpal tunnel syndrome 98 76 0.92 0.75—1 0.14 0.14

Ulnar neuropathy 99 95 0.85 0.69—1 0.03 0.02

Other peripheral neuropathy 99 98 0.66 0.51—0.82 0.01 0.01

Tendinitis 88 66 0.64 0.48—0.80 0.20 0.24

Sprain 86 66 0.58 0.42—0.74 0.23 0.20

Broken bones 93 68 0.79 0.63—0.95 0.22 0.18

Thoracic outlet syndrome 99 98 0.66 0.51—0.82 0.01 0.01

Gout 99 97 0.80 0.64—0.95 0.02 0.01

Rotator cuff injury 98 95 0.56 0.42—0.71 0.03 0.01

Ganglion 99 90 0.87 0.71—1 0.05 0.05

Degenerative arthritis 96 89 0.65 0.48—0.81 0.07 0.05

Use of medication 86 52 0.71 0.55—0.87 043 0.39

Surgery 92 60 0.80 0.64—0.95 0.31 0.23 12 0.0005
Current Pregnancy® 99 99 Undefined 0.01 0

Current use birth controf pills® 100 89 1.00 0.76—1 0.06 0.06

Double oophorectomy® 99 76 0.94 0.70—1 0.13 0.15

Hysterectomy® 100 63 1.00 0.76—1 0.25 0.25

Menopause® 94 70 0.79 0.55—1 0.19 0.19

Exercise 89 50 0.77 0.61—0.93 0.52 0.57

Exercise amount® 86 52 0.72¢ 0.56—0.86 NA NA

Level of education® 98 78 0.89¢ 0.75—1 NA NA

a 95% confidence interval for « = k £1.96 (SE,).

v Kappa computed for women only. When prevalence, = 0 or prevalence, = 0, the kappa coefficient is undefined as indicated for “current pregnancy”.
¢ Exercise amount = none, < 1 time/month, < 1 time/week, 1—2 times/week, > 2 times/week.

4 Weighted kappa.

o Level of education = less than high school, high school graduate, more than high school.
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may help to explain the poor test-retest reliability. The
Subjects demonstrated excellent reliability in reporting
whether they felt that their symptoms were related to a
particular workstation or work activity (kappa = 0.86,
95% C1 0.69—1.00), but reliability was lower when
asked whether such symptoms were attributable to an
accident or acute injury (kappa = 0.55, 95% CI 0.39—
0.71). Questions pertaining to the “worst” body location
(5 choices), frequency, and duration of episodes in the
“worst” location (5 ordered categories), the occurrence
of symptoms in the “worst” area in the last week (yes/
no), current symptoms (yes/no), and having sought medi-
cal treatment (yes/no) all yielded similar (good) kappa
values.

Franzblau et al

The results pertaining to the elbows and forearms are
shown in table 5. The kappa coefficients for symptoms
in the elbows and forearms were excellent, or nearly so.
The kappa coefficient for the question eliciting symp-
toms in the week preceding the survey (kappa = 0.68,
95% CI 0.52—0.84) was significantly better than for the
question about current symptoms (kappa = 0.46, 95% CI
0.30—0.62).

As shown in table 6, the repeatability of the symp-
toms potentially consistent with carpal tunnel syndrome
(numbness, tingling, burning or pain in the wrist, hand or
fingers) was excellent (kappa = 0.81, 95% C1 0.65—0.97
and kappa = 0.78, 95% CT 0.61—0.93 for right and left
hands, respectively). The test-retest reliabilities for any

Table 4. Agreement between rounds 1 and 2 with respect to the neck, shoulder, and upper-arm symptoms. (95% CI = 95% confidence

interval, NA = not applicable)

Question or condition Observed Expected  Kappa 95% Cl Prevalence McNemar  P-value
agreement agreement coefficient of kappa® - %2 of y2
b) (%) Round 1 Round 2
Any neck shoulder or upper-arm problems 89 52 0.76 0.60—0.92 0.41 0.36
Any neck symptoms 91 59 0.79 0.63—0.95 0.31 0.26
Any right shoulder symptoms 93 67 0.77 0.61—0.93 0.23 0.18 4.45 0.0348
Any left shoulder symptoms 91 66 0.74 0.58—0.90 0.22 0.22
Any right upper-arm symptoms 93 83 0.61 0.44—0.77 0.09 0.09
Any left upper-arm symptoms 93 82 0.58 0.42—0.74 0.11 0.09
Impact production or quality 95 87 0.64 0.48—0.80 0.06 0.08
Asked for different job 98 97 0.39 0.23—0.55 0.01 0.02
Related to work activity 95 67 0.86 0.69—1 0.22 0.20
Worst symptom area 81 46 0.64 0.54—0.75 NA NA
Frequency of episodes® 90 68 0.68¢ 0.56—0.81 NA NA
Duration of episodes® 91 66 0.73¢ 0.60—0.86 NA NA
Particular inciting event 92 83 0.55 0.39—0.71 0.10 0.08
Symptoms in last week 88 57 0.73 0.56—0.89 0.34 0.28 476 0.0290
Current symptoms 86 65 0.61 0.45—0.77 0.25 0.21
Sought treatment 89 61 0.72 0.56—0.88 0.29 0.25

95% confidence interval for « = x +1.96 (SE,).

a
b Frequency of episodes in last year = 3—12, 13—36, 37—52, 53—150, > 150.
c
d

Weighted kappa.

Duration of episodes in last year: = < 1 hour, < 1 day, < 1 week, <1 month, > 1 month.

Table 5. Agreement between rounds 1 and 2 with respect to the elbow and forearm symptoms. (95% Cl = 95% confidence interval,

NA = not applicable)

Question or condition Observed Expected  Kappa 95% Cl Prevalence McNemar  P-value
agreement agreement coefficient of kappaz e — ba of %?
(%) (%) Round1  Round 2
Any elbow or forearm symptoms 93 58 0.82 0.66—0.98 0.33 0.26 11.00 0.0009
Any right elbow symptoms 93 73 0.75 0.59—0.91 0.18 0.14
Any left elbow symptoms 96 72 0.86 0.69—1 0.18 0.16
Any right forearm symptoms 95 81 0.75 0.59—0.91 012 0.09
Any left forearm symptoms 96 83 0.76 0.61—0.92 0.11 0.07 6.00 0.0143
Impact production or quality 96 91 0.55 0.39—0.71 0.05 0.05
Asked for different job 99 96 0.66 0.51—0.82 0.03 0.01
Related to work activity 95 73 0.80 0.64—0.96 0.18 0.14 450 0.0339
Worst symptom area 88 58 0.71 0.61—0.82 NA NA
Freguency of episodes® 92 72 0.71¢ 0.56—0.84 NA NA
Duration of episodes? 93 72 0.74 0.61—0.86 NA NA
Particular inciting event 95 91 0.44 0.29—0.59 0.06 0.03
Symptoms in last week 90 70 0.68 0.52—0.84 0.20 0.16
Current symptoms 88 77 0.46 0.30—0.62 0.14 0.12
Sought treatment 92 78 0.62 0.47—0.78 0.15 0.10 5.33 0.0209
2 95% confidence interval for k = x +1.96 (SE,).
b Frequency in last year = 3—12, 13—36, 37—52, 53—150, > 150.
¢ Weighted kappa.
¢ Duration of episodes = < 1 hour, < 1 day, < 1 week, <1 month, > 1 month.
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symptoms in the wrists, hands or fingers were all good.
The test-retest agreement was good for the hand dia-
grams (using weighted kappa coefficients). The ques-
tions inquiring about nocturnal occurrence of wrist, hand
and finger symptoms yielded near-excellent or excellent
test-retest results.

The results of the visual analogue scale scores are
summarized in table 7. The subjects rated their current
discomfort significantly worse in round 2 than in round 1
for the neck, shoulders or upper arms and the wrists,
hands or fingers. However, the 30-day discomfort rat-
ings were indistinguishable for the 2 rounds for all the

body regions. Most of the subjects reported no discom-
fort whatsoever in all the body regions in both rounds, a
finding which might tend to overstate the concordance of
results between rounds. Hence the analyses for each body
region (ie, paired t-tests) were restricted to subjects who
reported symptoms in at least 1 round. The results based
on this “symptomatic” subset of the study group again
demonstrated that “current” discomfort ratings are less
stable than 30-day discomfort ratings.

One possible approach to analyzing and presenting
data from the questionnaire used in this study would be
to present individual symptoms for each body location,

Table 6. Agreement between rounds 1 and 2 with respect to the wrist, hand, and finger symptoms. (95% Gl = 95% confidence interval,
NA = not applicable, N/T/B/P = symptoms of numbness, tingling, burning, or pain in the wrist, hand or fingers)

Question Observed Expected  Kappa® 95% Cl Prevalence McNemar  P-value
(%) (%) coefficient of kappa® R x?
Round1  Round 2
Wrist, hand or finger symptoms 93 52 0.84 0.68—1.00 0.41 0.36 4.45 0.0348
Right distal N/T/B/P 92 57 0.81 0.65—0.97 0.32 0.30
Left distal N/T/B/P 91 61 0.78 0.61—0.93 0.28 0.26
Right wrist symptoms 91 71 0.69 0.53—0.85 0.18 0.16
Left wrist symptoms 90 74 0.61 0.45—0.77 0.16 0.14
Right hand symptoms 89 67 0.65 0.49—0.81 0.22 0.20
Left hand symptoms 92 69 0.74 0.58—0.90 0.20 0.18
Right finger symptoms 86 62 0.65 0.49—0.81 0.28 0.23
Left finger symptoms 88 66 0.64 0.48—0.80 0.24 0.20
Left hand diagrame 87 69 0.59¢ 0.48—0.70 0.18 0.18
Right hand diagrame 82 63 0.524 0.41—0.63 0.22 0.21
Impact production or quality 96 91 0.55 0.39—0.71 0.05 0.04
Asked for different job 98 98 Undefined 0 0.02
Related to work activity 89 70 0.62 0.46—0.78 0.18 0.19
Nocturnat occurrence 92 63 0.78 0.62—0.94 0.27 0.22
Right 93 69 0.78 0.62—0.94 0.21 0.17
Left 93 74 0.74 0.58—0.90 017 0.14
Worst symptom area 76 44 0.56 0.47—0.65 NA NA
Frequency of episodes® 73 42 0.54¢ 0.45—0.63 NA NA
Duration of episodes 78 41 0.63¢ 0.54—0.72 NA NA
Particular inciting event 95 92 0.44 0.28—0.59 0.05 0.03
Symptoms in last week 91 58 0.79 0.63—0.95 0.30 0.31
Current symptoms 88 71 0.60 0.44—0.76 0.18 0.17
Sought treatment 93 81 0.60 0.45—0.76 0.12 0.09
2 \When the prevalence = 0, the kappa coefficient is undefined, as indicated for “asked for different job”.
b 95% confidence interval for x = « 1,96 (SE,).
¢ Hand diagram categories = classic, probable, possible, unlikely.
4 Weighted kappa.
¢ Frequency of episodes in last year = 3—12, 13—36, 37—52, 53—150, > 150.
" Duration of episodes in last year = < 1 day, < 1 week, < 1 month, > 1 month.
Tahle 7. Upper-extremity discomfort among the subjects according to the visual analogue scale ratings.
Question All subjects Subjects with symptoms?
Number  Round 1 Round 2 Paired t Number  Round 1 Round 2 Paired t
P-value P-value
Mean SD Mean SD Mean SD Mean  SD
Neck, shoulders or upper arms
Current discomfort 145 1.08 2.06 143 244  0.0171 57 275 249 364 268 0.0163
Worst discomfort in last 30 days 145 224 3.23 222 344 09101 61 533 2.89 528 345 0.9108
Elbows or forearms
Current discomfort 148 0.63 1.41 0.68 1.83 0.6494 47 198 1.89 215 273  0.6528
Worst discomfort in last 30 days 148 131 250 133 267 09197 45 431 278 437 320 0.9206
Wrists, hands or fingers
Current discomfort 147 0.85 2.01 1.16 223  0.0383 53 238 276 321 270 0.0375
Worst discomfort in last 30 days 147 2.03 3.06 203 315 0.9967 59 505 2.82 505 3.06 0.9967

a Analyses restricted to subjects who reported symptoms in round 1 or round 2.
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rather than “lumping” responses together. (See the meth-
ods section.) A summary of itemized symptoms for the
neck are shown in table 8. Although the kappa coeffi-
cients for each of the 9 symptoms was significant (ie, all
confidence intervals exclude 0), they varied from 0.26
(poor) to 0.78 (excellent). Such a wide range of kappa
values was demonstrated for all the other body locations
(shoulders, upper arms, elbows, forearms, wrists, hands,
and fingers ~— data not shown). There was no consistent
pattern of the kappa coefficients for any of the symptoms
among the body locations (ie, “soreness” did not consist-
ently have the highest kappa value, and “tingling” did
not always have the lowest kappa value).

A concern, particularly when questionnaires are used
in epidemiologic studies, is whether, or how, the test-
retest reliability of survey results may be related to de-
mographic or ergonomic exposutre covariates. The issue
is whether any of these covariates might differentially
impact on the agreement of responses across trials. As an
example, consider the variable “any neck-shoulder-up-
per arm problems” (table 4). We constructed a new vari-
able as follows: “neck, shoulder or upper-arm problems”
= 1 if there was agreement of responses from rounds 1
and 2; “neck, shoulder or upper-arm problems” = 0 if
there was disagreement of the responses from rounds 1
and 2. “Neck, shoulder or upper-arm problems” was then
used as the dependent variable in a multiple logistic
regression model with the following covariates: age, gen-
der, repetition category, level of education (as reported
in round 1), and seniority. This model was not signifi-
cant, and none of the individual odds ratios were either
(not shown). This finding suggests that agreement be-
tween rounds for “any neck, shoulder or upper-arm
problems” was not related significantly to any of the
covariates in the logistic model. We constructed all simi-
lar symptom response variables and examined each in a
multiple logistic regression model using the same
covariates (age, gender, repetition category, level of edu-
cation, and seniority). None of the models were signifi-
cant, except for 1 isolated finding for gender and age as
covariates for right upper-arm symptoms (not shown).

Discussion

The focus of this study was the assessment of the relia-
bility of a discomfort survey employed in field studies of
upper-extremity musculoskeletal disorders. “Reliability”
in this instance refers to the extent to which a measure-
ment procedure yields the same result on repeated trials.
Obviously, with more consistent results obtained on re-
peated trials, it is implied that the measurement proce-
dure is more reliable.

The approach employed in this study, direct re-test-
ing of the same subjects with essentially the same survey
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Tahle 8. Agreement between rounds 1 and 2 with respect to the
guestions concerning individual symptoms for the neck. (95%
Cl = 95% confidence interval)

Question Observed Expected  Kappa Kappa
(%) (%) coefficient 95% Cla

Burning 91 85 043 0.27—0.59
Stiffness 86 65 0.63 0.46—0.78
Pain 89 69 0.63 0.47—0.79
Cramping 95 90 0.51 0.35—0.67
Tightness 89 70 0.64 0.48—0.80
Aching 90 68 0.68 0.52—0.84
Soreness 93 69 0.78 0.62—0.94
Tingling 86 81 0.26 0.13—0.40
Numbness 97 95 0.27 0.11—0.43

2 95% confidence intervals for x = x +1.96 (SE,).

instrument, is intuitively appealing. However, there are
potential problems and limitations with this approach.
First, during the time interval between survey adminis-
trations, the underlying concepts being measured may
have changed (ie, subjects may have developed, or re-
solved, upper-extremity discomfort) (15). Hence, what
appears to be a lack of consistency between trials may
actually reflect a true change of the state of a subject,
rather than measurement error. One solution to this prob-
lem would be to minimize the interval between test ad-
ministrations, which would reduce the likelihood of any
changes in the underlying concepts being measured.

A second issue in test-retest trials is “memory”, or
the extent to which subjects remember their responses
from the initial trial, and simply reproduce them on sub-
sequent trials (15). Hence a short interval between trials
may yield inflated estimates of the consistency of re-
sponses.

There is no survey procedure which can eliminate the
influence of “memory” or a true change of state between
trials, but one can attempt to minimize them. We chose
to readminister the survey after 3 weeks. During this
interval, there were no changes in the production
processes, or production rates, and none of the workers
changed job titles. Therefore, we believe that these cir-
cumstances minimized the likelihood that study partici-
pants may have experienced a true change in state with
regard to upper-extremity musculoskeletal discomfort.
This interval also seems reasonable for reducing the in-
fluence of “memory”. In essence, there is a trade-off
between using a shorter or longer interval between test
administrations, and the 3-week interval appears to bal-
ance the potential effects of “memory” and change of
state.

Another factor that can influence test-retest trials is
“reactivity”, or the extent to which the measurement
process can influence the initial measurement, or future
measurements (15). So, for example, the initial measure-
ment may “sensitize” a subject, and such sensitization
may influence future responses (eg, subjects may be more
or less likely to report musculoskeletal symptoms in the
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second trial, perhaps related to increased awareness).
Sensitization may contribute to over or underreporting in
follow-up trials; it is difficult to predict how a longer or
shorter interval between trials influences the impact of
sensitization on our results. By presenting, and compar-
ing, the prevalence of positive responses in each trial (P,
and P,), we attempted to gain insight into the degree of
“reactivity” or “sensitization”. It should also be noted
that the circumstances of questionnaire administration
differed slightly between rounds I and 2. The subjects
were on “company time” during round 1, while the study
participants were on their personal break time during
round 2, and it was observed that the subjects completed
the questionnaire much more rapidly in the second round.
Overall, few of the comparisons between P, and P, dif-
fered significantly. This finding suggests that these fac-
tors (ie, circumstances of questionnaire administration,
“reactivity”, or “sensitization”) did not have much influ-
ence on the observed results. For all the items in which
P, and P, differed significantly, there was a decline in the
prevalence of the item reported (ie, P, > P,). It is our
impression that the circumstances of survey administra-
tion which led to more rapid completion of the question-
naires in round 2 probably contributed to these observed
findings.

Overall, kappa coefficients for the presence or ab-
sence of symptoms were all good or excellent. The re-
sults of the discomfort ratings on the 10-cm visual ana-
logue scale were very stable when the subjects were
asked to rate their “worst” discomfort in the 30 days
preceding the survey. Ratings based on “current” dis-
comfort at the time of the survey appeared to change
significantly between rounds; these latter findings may
be related to “reactivity” or “sensitization”, as previously
discussed, or possibly reflect a true “change of state”
since the intensity of musculoskeletal symptoms can fluc-
tuate over time. Overall, the results of the visual ana-
logue scale suggest that quantitative discomfort ratings
should be “averaged” over some time period, rather than
based on current symptoms alone. In the present study,
30 days appeared to work well. The responses concern-
ing presence or absence of symptoms in the week pre-
ceding the completion of the survey also yielded good to
excellent results. (See tables 4, 5, and 6.)

The test-retest agreement of the responses for indi-
vidual symptoms (ie, numbness, stiffness, etc) demon-
strated considerable variability. These findings suggest
that questions for eliciting individual symptoms should
be combined, as was done in the present instance, rather
than analyzed separately.

The logistic regression models indicate that ergo-
nomic and common demographic covariates do not ap-
pear to have any impact on the reliability of responses.
Thus the consistency of reporting symptoms would ap-
pear to be unconfounded by these factors.
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Dickinson et al (5) described results of the “repeat-
ability” of the Nordic musculoskeletal questionnaire
among 44 subjects (all were cashiers). The percentage of
the subjects who completed both rounds, the demo-
graphic information on subjects, and other circumstances
of administration (eg, was test administration performed
during normal workhours) were not stated. The noniden-
tical answers ranged from 0% to 26%. Kuorinka et al (4)
also described results of repeat administrations of the
Nordic questionnaire to various groups of workers. In
1 trial using the “general questionnaire” and involving
29 safety engineers, 17 medical secretaries, and 22 rail-
way maintenance workers, the nonidentical answers
ranged from 0% to 23%. The interval between test ad-
ministrations was not stated. Another trial using the
“neck-shoulder questionnaire” involved 27 female cleri-
cal workers who completed the questionnaire twice in a
3-week interval. The percentages of nonidentical answers
ranged from 0% to 30%. A third trial assessed the repeat-
ability of the “low-back questionnaire” among 25 nurses
(gender not stated). The interval between test administra-
tions was 15 days. The nonidentical answers ranged from
0% to 25%, with a mean of 4.4%. Aside from being
small and providing limited information on the study
groups, neither of these studies made adjustments for
chance agreement (ie, use of kappa coefficient or similar
technique), and so it is not possible to make direct com-
parisons with results in the present study. On the basis of
these studies, it is also not possible determine the extent
to which the test-retest reliability of Nordic survey(s) is
better than what would occur by chance alone (13). We
are not aware of any other published studies which de-
scribe results of the readministration of a discomfort
survey to workers.

Concluding remarks

The test-retest reliability of the questionnaire used to
elicit demographic information, medical history, exer-
cise participation, and musculoskeletal symptom-related
information among industrial workers appears to be good
to excellent. These results suggest that most of the re-
sults of this discomfort questionnaire are reliable and
suitable for use in epidemiologic studies. For reassur-
ance of the robustness of these findings, similar studies
should be replicated in other worker populations with
this, and other, questionnaire instruments.
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