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Objectives   This study compares questionnaire-assessed exposure data on work postures and movements with
direct technical measurements.
Methods   Inclinometers and goniometers were used to make full workday measurements of 41 office workers
and 41 cleaners, stratified for such factors as musculoskeletal complaints. The subjects answered a questionnaire
on work postures of the head, back, and upper arms and repeated movements of the arms and hands (3-point
scales). The questionnaire had been developed on the basis of a previously validated one. For assessing
worktasks and their durations, the subjects kept a 2-week worktask diary. Job exposure was individually
calculated by time-weighting the task exposure measurements according to the diary.
Results   The agreement between the self-assessed and measured postures and movements was low (kappa =
0.06 for the mean within the occupational groups and kappa = 0.27 for the whole group). Cleaners had a higher
measured workload than office workers giving the same questionnaire response. Moreover, the subjects with
neck-shoulder complaints rated their exposure to movements as higher than those without complaints but with
the same measured mechanical exposure. In addition, these subjects also showed a general tendency to rate their
postural exposure as higher. The women rated their exposure higher than the men did.
Conclusions   The questionnaire-assessed exposure data had low validity. For the various response categories
the measured exposure depended on occupation. Furthermore, there was a differential misclassification due to
musculoskeletal complaints and gender. Thus it seems difficult to construct valid questionnaires on mechanical
exposure for establishing generic exposure-response relations in epidemiologic studies, especially cross-section-
al ones. Direct technical measurements may be preferable.

Key terms   goniometer, inclinometer, job, mechanical exposure, misclassification, musculoskeletal disorders,
occupation, workload.
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Preventive actions against work-related musculoskele-
tal disorders have not, so far, been very effective (1).
Their relation to work has 2 aspects, the mechanical
(physical) and the psychosocial (2). The relative signif-
icance of these 2 types of exposures, and their possible
interaction, are poorly known. Therefore, the Malmö
Shoulder-Neck Study was initiated to focus on these

issues (3). Due to the cohort size — the study involves
about 15 000 inhabitants in the city of Malmö, Sweden
— questionnaires were used instead of observations or
direct measurements.

However, it is not known how to construct an opti-
mal questionnaire and what information can be obtained
(4). Many types of questionnaires have been evaluated
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(5—13). The results vary however, some showing high
validity and reliability and others indicating nondiffer-
ential or differential misclassification that may affect
the risk estimates through dilution or systematic error.
A particular problem is any differential misclassifica-
tion of exposure due to work-related musculoskeletal
disorders (14, 15).

On the basis of an evaluation of a previous ques-
tionnaire (5), which showed that agreement was poor
at a detailed level, the questionnaire employed in our
study used a 3-point scale for assessing postures and
movements. The rating was made according to the per-
ceived exposure quantity.

A straightforward way to evaluate the misclassifi-
cation of self-assessed exposure is to compare the as-
sessment with the results of direct technical measure-
ments (16, 17). Recent developments in electronics and
personal computers have made whole-day field meas-
urements feasible (18—20).

The aim of our study was to evaluate the agreement
between questionnaire-assessed and technically meas-
ured mechanical exposure to different postures and
movements. Possible differential misclassification ac-
cording to occupation, musculoskeletal complaints, gen-
der, and age was of special interest.

Subjects and methods

Questionnaire

The Malmö Shoulder-Neck Study used a postal ques-
tionnaire comprising 144 questions (3). Seven of these
questions, all of which aimed at specific work postures
or movements and used a 3-point scale (”very little or

not at all”, “somewhat”, and “much”) were evaluated
(table 1).

The questionnaire also included questions on sub-
jective complaints from the neck, shoulders and elbows-
hands during the last 12 months (21). The responses
were modified to a 5-point scale (“never”, “occasional-
ly”, “sometimes”, “often”, and “all the time”).

Study groups
Office workers and cleaners were studied. These groups
were the 2 largest ones in the Malmö Shoulder-Neck
Study population, and, moreover, they showed large
contrast with respect to self-assessed postures and move-
ments. However, the study base was not part of the
Malmö Shoulder-Neck Study.

All 363 male and female office workers in 2 munic-
ipal offices and 1 company office and all 273 female
cleaners at 4 hospitals in southern Sweden received the
questionnaire.

Of the 276 office workers who answered the ques-
tionnaire, 41 subjects ≥45 years of age were selected for
measurement (table 2). Stratification was made accord-
ing to gender and reported complaints from the neck or
shoulders (responses “often” or “all the time” and re-
sponses “never” or “occasionally”, including elbows and
hands). The chosen definition of complaints excluded
the intermediate group, and thus enhanced the contrast.
The main worktasks were varied office work, work with
video display units, meeting attendance and walking
between localities.

Of the 218 cleaners who answered the questionnaire,
a stratified selection of 41 subjects was made for the
measurements (table 2). The stratification was based on
age (<45 or ≥45 years) and reported complaints from
the neck or shoulders (yes or no). The cleaners

Table 1. Items used in the questionnaire to assess postures and movements and the corresponding methods and measures used for
validation.

Questionnaire item Measurement Region Measure Distribution
method (percentile)

Postures
Does your work involve that you work with your head

Bent backward? Inclinometer Head Angle (degrees) 1st, 10th
Bent forward a little? Inclinometer Head Angle (degrees) 90th, 99th
Bent forward a lot? Inclinometer Head Angle (degrees) 90th, 99th

Does your work involve that you work with your back
Bent forward a lot? Inclinometer Upper back Angle (degrees) 90th, 99th

Does your work involve that you work with your arms
Elevated or stretched forward? Inclinometer Upper arms Angle (degrees) 90th, 99th

Movements
Does your work involve that you perform the same

Arm movements many times per minute? Inclinometer Upper arms Angular velocity (degrees/s) 90th, 99th
Wrist movements many times per minute? Goniomete Wristsa Angular velocity (degrees/s) 90th, 99th

Angular acceleration (degrees/s2) 90th, 99th
Velocity <1 degrees/s (% time) ·
Repetitiveness (Hz) ·

a Flexion measures used.
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performed various cleaning tasks, maintained their equip-
ment, attended meetings, and moved between localities.

Measurements
Inclinometers were used for recording the angle, rela-
tive to the line of gravity, for the head, the upper back,
and both upper arms (18, 22, 23). One inclinometer was
placed on the forehead and another to the right of the
cervicothoracic spine at the C7-Th1 level. For the up-
per arms, the inclinometers were fixed to plastic plates
(55 × 27 mm) that were placed along the upper arm, with
the lateral edge along the line from the lateral-posterior
corner of the acromion to the lateral epicondyle, and the
upper edge at the insertion of the deltoid muscle. For
the head and upper back, the forward-backward projec-
tion of the inclination angle (flexion below) and their
time derivatives were used to characterize postures and
movements. Upper-arm elevation and the time deriva-
tive of the position on the unit sphere (as described by
spherical co-ordinates), were used for the postures and
movements, respectively. Various percentiles of the an-
gle and angular velocity distributions were calculated
(table 1). The reference position for the head and upper
back (flexion 0 degrees) was defined as the position
obtained when the subject was standing upright and
looking at a mark at eye level. The forward direction of
the head and back was defined with the subject sitting,
leaning straight forward, and looking at the floor. For
the upper arms, the reference position (elevation 0 de-
grees) was recorded with the subject sitting, with the
side of the body leaning towards the rest of the chair,
with the arm hanging perpendicular over the rest of the
chair, and with a 2-kg dumbbell in the hand.

Wrist positions and movements, for both flexion-
extension (flexion) and ulnar-radial deviation, were re-
corded for both the right and left sides. Biaxial flexible
goniometers (M110, Biometrics Ltd, Blackwood,
Gwent, United Kingdom) were placed over the wrists
(20, 22—26). In a previous study we showed that the
main error of the goniometer is crosstalk and that a

sampling frequency of 20 Hz and a low-pass filter of 5
Hz are suitable for recording and characterizing wrist
positions and movements (20). In addition to the previ-
ously used measures, the angular acceleration was cal-
culated from the angular velocity data, using the 3-point
1st-order central difference. The reference position (0
degrees of flexion and deviation) was recorded with the
subject standing and with the arms and hands hanging
relaxed alongside the body. Since relative errors due to
crosstalk are smaller in flexion measures, as compared
with deviation ones (20), the former were chosen to
characterize the wrist movements (table 1).

Postures and movements were continuously record-
ed for each subject during a full workday of 4—8 hours.
Data loggers, with a sampling rate of 20 Hz, were used
for data acquisition (19). After the recording, the data
were transferred to a personal computer and analyzed
(20). Due to the phrasing of the questions (and the high
correlation between the measures for the 2 sides) the
mean values of the right and left sides were used.

All the subjects kept a worktask diary on the day the
recordings were made and also on 9 additional days.
Before the subjects started filling out the diaries, they
were interviewed about their work by an experienced
physiotherapist, and the relevant worktasks to be used
as entries in the diary were defined by the physiothera-
pist in collaboration with the subject. Each subject was
then asked to note the start and stop of these tasks, and
also lunch and breaks and pauses.

For each subject, on the basis of the measurements
during the specified worktasks (ie, the task exposure)
and the 2-week diary information on the duration of
each task, time-weighted values of postures and move-
ments were calculated (7, 27). These values — the time-
weighted job exposure (16) — were used for evaluat-
ing the questionnaire-assessed data. Lunch, coffee-
breaks, and other pauses (eg, for smoking) were not in-
cluded.

Measured workday exposure (ie, the measured ex-
posure during the day of the recordings), after the

Table 2. Employment time for the 82 subjects, stratified according to occupation, neck-shoulder complaints, gender, and age.

Group Complaint

No Yes

N Age Employment time N Age Employment time
(years) (years) (years) (years)

Mean Range Mean Range Mean Range Mean Range

Office workers (>45 years)
Women 12 52 45–63 21 9–35 12 55 47–61 22 5–36
Men 12 50 45–55 18 1–41 5 50 46–54 20 8–32

Cleaners (females )
<45 years 9 31 24–36 13 6–18 11 38 32–44 15 7–27
≥ 45 years 8 53 46–60 19 7–27 13 50 45–62 15 6–25
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exclusion of lunch, breaks and pauses, was also derived
from the measurements.

Due to practical and technical limitations, inclinom-
eter measurements were not performed for 4 subjects.
Moreover, 3 inclinometer measurements for the head, 5
inclinometer measurements for the upper back, and 2
goniometer measurements were lost due to technical
problems. Regarding the questions about mechanical
exposure, the subjects missed an average of 0.7 (range
0—2) of the 7 questions.

Statistics
Kappa statistics, supplemented by the percentage of
agreement, were used as a measure of agreement be-
tween the response category and the categorized time-
weighted job exposure, both within each occupational
group and in the whole material. For each calculation
of kappa (κ), the material was trichotomized according
to the time-weighted job exposure. The sizes of these
groups were chosen to be equal to the number in each
response category, in a way that would give complete
agreement (κ = 1), if the responses were rank-ordered
according to the time-weighted job exposure. The level
of significance was chosen as P<0.05.

Results

Time-weighted job exposure
The time-weighted job exposure covered the major part
of the work that was recorded in the 2-week diary. The
number of work tasks occurring in the diaries averaged

6.8 (range 2—13) and the average number recorded dur-
ing the day the measurements were performed was 3.5
(range 1—7). The fraction of time for the worktasks in
the 2-week diary, which was covered by measurements,
averaged 78% (range 12—100%).

The differences between the measured workday ex-
posure and the time-weighted job exposure were small.
Regarding movements, the average relative difference,
for the 90th percentiles, was 1 (SD 11)% and the coef-
ficient of determination (r2) ranged from 0.96 to 0.97
(figure 1a). For the postures, the average difference was
<0.5 (SD 2) degrees for the 10th and 90th percentiles,
and the coefficient of determination ranged from 0.95
to 0.98 (figure 1b). Accordingly, the results were simi-
lar, and the conclusions the same, whether the time-
weighted job exposure or the measured workday expo-
sure was used for the evaluation. Moreover, the results
were not sensitive to the use of the 1st and 99th percen-
tiles as alternatives to the 10th and 90th percentiles, re-
spectively (not in table).

There was a considerable difference between the of-
fice workers and the cleaners in their time-weighted job
exposure and their questionnaire responses (figures 1
and 2). There were also large variations within the 2
groups. Regarding movements, the time-weighted job
exposure almost completely separated the 2 groups,
while there was an overlap for postures.

Agreement between questionnaire-assessed exposure
and time-weighted job exposure
Regarding movements, the results were not sensitive to
the use of angular acceleration, velocity <1 degree/sec-
ond or repetitiveness, as alternatives to angular velocity
for the wrists (table 3). We found no agreement between

Figure 1. Relation between measured whole-day exposure (y-axis) and time-weighted job exposure (x-axis) for arm movements (a) and arm
elevation (b). The line of identity and the coefficient of determination (Rsq) are also shown, and the symbols denote office workers (open circles),
cleaners (closed circles), and degrees (°)

1a 1b
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Table 3. Agreement between the questionnaire-assessed movements and time-weighted job exposure in the whole material and among
office workers and cleaners separately. (Very little = very little or not at all)

Movement or time-weighted exposure Response Kappa

  Very little  Somewhat     Much

Mean SD Mean SD Mean SD

Same arm movements many times per minutea

Arm angular velocityb (degrees/s)
All 72 31 141 53 150 49 61 0.39
Office workers 69 24 68 21 48 14 63 –0.04
Cleaners 179 – 167 29 165 30 59 0.07
P-valuec  (office workers versus cleaners)    – 0.001 <0.001

Same wrist movements many times per minuted

Wrist flexion velocityb (degrees/s)
All 50 15 72 35 83 28 54 0.18
Office workers 47 9 47 19 53 18 39 0.07
Cleaners 90 – 109 14 100 17 59 –0.12
P-valuec  (office workers versus cleaners)    – <0.001 <0.001

Wrist flexion accelerationsb (degrees/s2)
All 510 170 710 360 830 300 53 0.16
Office workers 470 130 460 200 530 210 34 0.00
Cleaners 920 – 1080 160 1000 190 59 –0.12
P-value c (office workers versus cleaners)    – <0.001 <0.001

Wrist flexion velocity <1 degrees/s (% time)
All 11.0 4.8 7.8 6.5 6.5 6.6 53 0.16
Office workers 11.7 4.2 11.8 5.2 12.5 7.1 41 0.11
Cleaners 2.2 – 1.8 1.3 3.1 2.7 59 –0.12
P-valuec  (office workers versus cleaners)    – <0.001 <0.001

Wrist flexion repetitiveness (Hz)
All 0.21 0.03 0.27 0.08 0.30 0.08 56 0.23
Office workers 0.21 0.03 0.21 0.04 0.23 0.05 46 0.18
Cleaners 0.24 – 0.35 0.03 0.33 0.06 56 –0.19
P-valuec  (office workers versus cleaners)    – <0.001 <0.001

a The number of subjects with valid measurements in each occupation and response category were as follows: very little or not at all:  30 office workers
   and 1 cleaner; somewhat:  4 office workers and 11 cleaners; much: 4 office workers and 27 cleaners.
b 90th percentile of distribution.
c  Mann-Whitney test for differences in time-weighted job exposure.
d The number of subjects with valid measurements in each occupation and response category were as follows: very little or not at all: 12 office workers
   and 1 cleaner; somewhat: 12 office workers and 8 cleaners; much: 17 office workers and 30 cleaners.

Figure 2. Relation between questionnaire-assessed exposure regarding repetitive arm movements (a) and elevated arms (b) and time-weighted
job exposure, occupation, neck-shoulder complaints, gender and age for 78 subjects. The scores 1, 2, and 3 correspond to the answers “very little
or not at all”, “somewhat” and “much”, respectively. Within each occupational group, the upper of the 2 lines represents subjects with neck-shoulder
complaints and the lower represents subjects without complaints. The symbols denote females ≥45 years (diamonds), males ≥45 years (triangles),
females <45 years (squares), and degrees (º).

2a 2b

Percentage
of

agreement
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the responses and time-weighted job exposure within the
occupational groups, on the average, for velocity,
κ = –0.01 (table 3, figure 2a). Although the agreement,
as expected, was higher for the groups combined, it was
still low, on the average κ = 0.29.

Regarding postures, there was almost no agreement
within the occupational groups, on the average κ = 0.09
(table 4, figure 2b). For the whole material, the agree-
ment was higher, on the average κ = 0.26.

When we restricted the analysis, for the whole ma-
terial, to subjects without neck-shoulder complaints, we

obtained, in general, higher kappa values (averaging
κ = 0.37 for movements and κ = 0.34 for postures) (not
in table).

Effect of occupation
Belonging to an occupational group affected the rela-
tion between the time-weighted job exposure and the
questionnaire responses. For the same response, the
time-weighted job exposure was, in general, higher for
the cleaners than for the office workers (tables 3 and
4). These differences were considerable. Regarding

Table 4. Agreement between questionnaire-assessed postures and time-weighted job exposure in the whole material and among the
office workers and cleaners separately. (Very little = very little or not at all)

Posture or time-weighted exposure Response Kappa

      Very little   Somewhat         Much

Mean SD Mean SD Mean SD

Work with your head
Bent backwarda

Head inclinationb (degrees)
All 0 6 –2 7 –9 8 67 0.23
Office workers 0 6 5 3 –12  – 84 0.18
Cleaners 0 7 –4 6 –8 8 53 0.18
P-valuec (office workers versus cleaners) 0.9 0.009    –

Bent forward a littled

Head inclinatione (degrees)
All 32 11 42 9 46 12 61 0.27
Office workers 32 11 39 6 40 12 62 0.34
Cleaners – – 46 10 51 9 62 0.24
P-valuec (office workers versus cleaners) – 0.03 0.001

Bent forward a lotf

Head inclinatione (degrees)
All 39 10 49 10 49 10 57 0.27
Office workers 38 10 45 10 29 – 72 –0.07
Cleaners 43 11 51 9 51 8 42 0.07
P-valuec (office workers versus cleaners) 0.3   0.2     –

Work with your back
Bent forward a lotg

Back inclinatione (degrees)
All 25 10 35 13 43 9 55 0.26
Office workers 23 8 17 11 – – 89 –0.06
Cleaners 46 8 38 12 43 9 35 –0.12
P-valuec (office workers versus cleaners) <0.001 0.08     –

Work with your arms
Elevated or stretched forwardh

Arm elevatione (degrees)
All 48 7 50 4 52 6 53 0.27
Office workers 47 7 50 5 47 5 59 –0.08
Cleaners 53 2 50 4 54 6 59 0.26
P-valuec (office workers versus cleaners) 0.1 0.9 0.03

a The number of subjects with valid measurements in each occupation and response category were as follows: very little or not at all:  33 office workers
   and 21 cleaners; somewhat:  3 office workers and 12 cleaners; much: 1 office workers and 5 cleaners.
b 10th percentile of distribution (low values indicate a high exposure).
c  Mann-Whitney test for differences in time-weighted job exposure.
d The number of subjects with valid measurements in each occupation and response category were as follows: very little or not at all: 3 office workers
   and 0 cleaners; somewhat: 16 office workers and 17 cleaners; much: 18 office workers and 20 cleaners.
e 90th percentile of distribution.
f The number of subjects with valid measurements in each occupation and response category were as follows: very little or not at all: 30 office workers
   and 9 cleaners; somewhat: 5 office workers and 19 cleaners; much: 1 office workers and 10 cleaners.
g The number of subjects with valid measurements in each occupation and response category were as follows: very little or not at all: 35 office workers
   and 3 cleaners; somewhat: 2 office workers and 16 cleaners; much: 0 office workers and 15 cleaners.
h The number of subjects with valid measurements in each occupation and response category were as follows: very little or not at all: 30 office workers
   and 3 cleaners; somewhat: 4 office workers and 15 cleaners; much: 5 office workers and 21 cleaners.

Percentage
of

agreement
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movements, the time-weighted job exposure was twice
as high for all the response categories and statistically
significant for the cleaners (as compared with the of-
fice workers). Regarding postures, the differences were
statistically significant for 5 of the 11 response catego-
ries for which tests could be performed. For example,
the cleaners who answered “much” regarding work with
their heads bent forward a little averaged a considera-
bly higher (11 = 51 – 40 degrees) (table 4) head incli-
nation than the office workers who gave the same re-
sponse.

Differential misclassification
Within each occupational group, the differences in the
time-weighted job exposure between subjects with and
without neck-shoulder complaints were small and sta-
tistically nonsignificant. For example, the differences
between the persons with and those without complaints,
regarding the 90th percentile of head inclination, aver-
aged 2 and 4 degrees for the office workers and clean-
ers, respectively, and thus was small, as compared with
the variation in the time-weighted job exposure (table
5). Persons with neck-shoulder complaints gave expo-
sure regarding movements a higher rating, and also had
a general tendency to rate their exposure regarding pos-
tures higher, than did those without complaints, although
the differences in the time-weighted job exposure could
be disregarded (table 5, figure 2).

Among the office workers, the men had a signifi-
cantly higher (90th percentile of 7 degrees) time-weight-

ed job exposure to arm elevation than did the women,
although they did not rate their exposure higher (not in
table). Moreover, although the differences in the meas-
ured exposure could be disregarded, the self-assessed
exposure was lower for the men than for the women for
the questions regarding “head bent forward a little”
(P=0.02, Jonckheere-Terpstra test for trend) and repeti-
tive arm movements (P<0.01). For wrist movements the
men rated their exposure lower than the women; how-
ever, since also their measured exposure was lower, dif-
ferential misclassification due to gender could not be
evaluated for this item.

Regarding age, cleaners ≥45 years of age worked
with the head bent more forward (7 degrees) and less
backward (5 degrees) than did the cleaners who were
<45 years of age (not in table). Since they also rated
their exposure accordingly, misclassification due to age
could not be studied for the questions regarding head
postures. For the remaining questions, no significant dif-
ferential misclassification due to age was found for the
cleaners for either movements or postures.

Discussion

The agreement between the questionnaire responses and
the technically measured movements and postures was
low. Among the cleaners and office workers who gave
the same response, the former had a higher time-weight-

Table 5. Associations between the questionnaire-assessed exposure and neck-shoulder complaints and time-weighted job exposure for
the 90th percentiles (10th for “head bent backward”) of the corresponding distributions. For the head, back, arms and wrists, 7, 9, 4 and
2 measurements, respectively, were missing. (Very little = very little or not at all)

Exposure Office workers Cleaners All

Complaints Pans
a Diffexp

b Complaints Pans
a Diffexp

b Diffexp
c

No (N=24) Yes (N=17)   No (N=17)  Yes (N=24)

Very Some- Much Very Some- Much   Very  Some- Much  Very  Some-  Much
little what little what   little  what  little  what

Postures
   Head
      Bent backward 21  0 0 12 3 1 0.03   1 11  4 1 10  8  4 0.2 –3 –10
      Bent forward a little 2 11  8 1 5 10 0.2 –2 0  9 7 0 8 13 0.3 –4   13
      Bent forward a lot 17 2 1 13 3 0 1.0 –2 6 6 4 3 13 6 0.4 –4   14
   Back
      Bent forward a lot 20 1 0 15 1 0 1.0   2 2 8 4 1 8 11 0.1   1   20
   Arms
       Elevated or stretched 20 1 2 10 3 3 0.1   0 2 8 7 1 7 14 0.2   0   10
       forward
Movements
   Arms many times/minute 22 1 0 8 3 4 0.002 –3 1 8 8 0 3 19 0.01   3 106
   Wrists many times/minute 7 9 8 5 3 9 0.4 –2 1 6 10 0 2 20 0.02   7   55

a P-value for difference in responses between the subjects with and those without neck-shoulder complaints (Jonckheere-Terpstra test for trend).
b Difference [in the number of degrees (postures) or number of degrees per second (movements)] in the mean time-weighted job exposure between the
  subjects with and those without neck-shoulder complaints.
c Difference [in the number of degrees (postures) or number of degrees per second (movements)] between the 75th and 25th percentile of the time-
  weighted job exposure.
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ed job exposure. For the same measured exposure, the
subjects with neck-shoulder complaints rated, in gener-
al, their subjective exposure higher than did those with-
out.

Aspects of selection, measurement bias and statistics
In spite of the relatively large study base, we obtained
fewer male office workers with complaints and clean-
ers without complaints than was our aim. This result is
reflected in the low and high prevalence, respectively,
of work-related musculoskeletal disorders in these
groups. Since the participation rate was high, the only
consequence was a loss of statistical power.

It is possible that people change their way of work-
ing when measurements are performed. However, the
equipment had a low weight, and we did not observe
any obvious influence on work performance.

The main error of the goniometer is crosstalk be-
tween flexion and deviation, which increases with in-
creasing rotation of the forearm (20, 26). In contrast to
Hansson et al (20), Buchholtz & Wellman (26) also
found a zero drift error due to forearm rotation; this dif-
ference is probably due to the fact that Buchholtz &
Wellman referred their equations to the neutral position
of the wrist, which implies an individual-related flex-
ion and deviation of the goniometer. Although crosstalk,
in pronounced flexion-extension or deviation of the
wrist combined with simultaneous pronation-supination
of the wrist, introduces considerable momentary errors,
the widening of the flexion and deviation angle distri-
butions may still be moderate. Furthermore, the pres-
ence of angular errors does not necessarily imply that
the errors of the calculated movement measures are of
a corresponding size. Moreover, we used the flexion
measures, rather than the deviation ones, since, due to
the lower functional range of motion for deviation than
for flexion, the relative error is less for flexion than for
deviation (20). Simultaneous measurement of supina-
tion-pronation would enable correction — and quanti-
tative estimates — of the errors in the flexion and devi-
ation recordings (20, 26).

The calculation of movements (eg, angular velocity
and acceleration) from the 1st and 2nd time derivatives,
respectively, may introduce large errors if the sampling
frequency, filters, and algorithms are not adequate (28).
In our study, the values for these parameters were cho-
sen according to the frequency content of the wrist an-
gle recordings to be optimal for manual work (20).

Movements of the skin on which the transducers are
attached, relative to the skeleton, which is the ultimate
reference of segment orientation and joint angles, intro-
duce errors. For the inclinometers on the head and up-
per back, these movements were assumed to be small,
and for the upper arms, the use of plastic plates, posi-
tioned below the deltoid muscle, presumably reduced

this type of error. Regarding the goniometer, based on
a comparison of our wrist mobility data (20) with later
reported ones (29), the error seems reasonable and can
be estimated to be 5 degrees in extreme positions.

Since the inclinometers and goniometers have a high
precision and the reference positions were recorded in
standardized ways, the variance introduced by the meas-
urements was small, especially so for the movement
measures, which are insensitive to the recording of the
reference position, as well as to any drift of the trans-
ducers. Day-to-day variations in an individual’s per-
formance of worktasks would also contribute to the var-
iation in time-weighted job exposure. Both these fac-
tors would decrease the kappa values; however the ef-
fect was probably limited.

The question regarding “arms elevated or stretched
forward” was ambiguous for flexed positions of the
trunk, since a reference was not given. However, using
the torso as the reference — rather than the line of grav-
ity — would not a priori provide better agreement be-
tween the questionnaire responses and the measure-
ments.

For repetitive arm movements, angular velocity may
not exactly correspond to repetitiveness, and, if so, the
difference may have contributed to the low kappa val-
ues. However, for wrist movements, which included
measures of angular velocity, angular acceleration, the
fraction of time that the hands were held still, and re-
petitiveness, all the measures gave similar kappa val-
ues. Hence, at least for wrist movements, the low agree-
ment is fundamental and not due to the choice of move-
ment measure.

The difference between the time-weighted job ex-
posure and the measured workday exposure was small.
However, the situation may have not been the same for
occupations with a large day-to-day variation of tasks
that vary greatly in exposure. For our material, the gain
of data collected from a worktask diary does not seem
worth the effort. Indeed, for 6 subjects, we performed
whole-day measurements that could not be included in
our present study, due to the lack of an acceptable dia-
ry. Still, since we had the diary information for most of
the subjects, we decided to use the time-weighted val-
ues.

Kappa statistics is a relevant measure of agreement,
since the kappa value, in contrast to percentage of
agreement, is adjusted for agreement by chance. The
relation between the kappa value and the percentage of
agreement provides additional information (eg, regard-
ing the distributions of the observations). For example,
if the responses are concentrated at the lowest score (and
hence due to the procedure of trichotomization, also the
categorized measures), the kappa value may be low,
although the percentage of agreement may approach
100. This effect was seen, for example, for the question
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regarding “head bent backward” (percentage of agree-
ment = 84 and κ = 0.18) (table 4). The trichotomization
used in the kappa analysis did not require an a priori
assumption about the cutoff values and was chosen so
that κ = 1 would be obtained when the responses were
rank ordered according to the time-weighted job expo-
sure. The present kappa values were far lower, partially
due to differential misclassification.

Effect of occupation
For the same response, the cleaners had a higher meas-
ured mechanical exposure than the office workers. This
difference was not due to the higher prevalence of work-
related musculoskeletal disorders among the cleaners,
as the material was stratified in this respect. Instead, it
was probably caused by varying frames of reference,
which may be influenced by, for example, the prevail-
ing opinion about the risk factors for work-related mus-
culoskeletal disorders.

As a consequence, the use of questionnaire-assessed
exposure data in epidemiologic studies of populations
with a large variation of occupations and workloads
would probably result in a spuriously low range of sub-
jective exposure, with too few subjects in both the low
and the high strata. In turn, this situation will result in
too flat an exposure-response curve for work-related
musculoskeletal disorders, with an overestimate of the
risk at low exposure and an underestimate at high ex-
posure. Our findings show that such a possibility is par-
ticularly important for movements, but less so for posi-
tions.

In another Malmö shoulder-neck study of question-
naire-assessed mechanical exposure, there was a clear
exposure-response relation (Balogh et al, unpublished
manuscript). Considering the preceding misclassifica-
tion of exposure, the true effect should be even strong-
er.

For our material, the questionnaire responses were
blunt in relation to the measured exposure to move-
ments. The large difference, and almost complete sepa-
ration, between the 2 occupations was diminished. This
is of special importance since recent epidemiologic stud-
ies using technical measures have shown that move-
ment, rather than posture, is a risk factor for work-re-
lated musculoskeletal disorders of the wrist (30—33).

Moreover, using questionnaires for stratifying sub-
jects into groups that are supposedly equally exposed
to mechanical load as a 1st step for studying other po-
tential risk factors does not seem appropriate.

Differential misclassification due to musculoskeletal
complaints
Within each occupational group, subjects with neck-
shoulder complaints had time-weighted job exposures
almost identical to those without. The verification by

direct measurements enabled us to evaluate the differ-
ential misclassification. Indeed, subjects with com-
plaints rated their exposure considerably higher than did
healthy ones. It can be argued that subjects who expe-
rience pain change their way of working and thus re-
duce their exposure, as we earlier reported for dentists
(22). Hence, self-reported exposure may be more rele-
vant with respect to risk than technically measured ex-
posure is. However, our questions concerned the cur-
rent workload. In addition, dentists have a possibility
to reduce their load, while reducing load was probably
not an option for the subjects of our study. In accord-
ance with this assumption, industrial workers with com-
plaints did not have a lower exposure than others in
another study (24). Instead, the pain is the probable
cause of the higher exposure rating. Misclassification
has often been suspected but seldom studied, and, if so,
often with a poor design. In a study regarding subjec-
tive arm position (12), it was concluded that “substan-
tial differential misclassification of exposure was not
present”, in spite of the fact that the data indicated such.
Other data also support misclassification (5—7).

Differential misclassification is a problem in the
interpretation of any cross-sectional association be-
tween exposure and work-related musculoskeletal dis-
orders. For example, such an association was used to
verify the validity of an exposure questionnaire (10)
when misclassification bias is as likely an explanation.

Discomfort focuses the attention on work postures
and movements. The perception of mechanical load is
complex and involves both the peripheral (eg, mech-
anoreceptors, proprioceptors and nociceptors) and cen-
tral nervous systems. Indeed, it can be hypothesized that
the perception of mechanical load may be an early step
in developing work-related musculoskeletal disorders.

The effect of dependent misclassification due to
complaints would be eliminated by prospective studies
of initially healthy subjects. Such studies are often sug-
gested, but scarcely used. However, if perceived high
workload is a precursor to disorders, even prospective
questionnaire-based studies may overestimate the effect
of the exposure.

Use of direct technical exposure measures
In our material, questionnaires supplied less informa-
tion on the actual movements than did job title. How-
ever, the exposure in specific jobs is seldom known in
quantitative terms. This problem can be overcome by
establishing a job-exposure matrix (34) by combining
technical exposure measurements (23). Within specif-
ic occupations, this concept can be specified using a
task-exposure matrix. However, due to the large inter-
individual variation when the same task is performed
(24), information in the matrix needs ranges. Thus di-
rect measurement may have to be considered when
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valid estimates of mechanical exposure are required at
the individual level.
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