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Dose—response associations between musculoskeletal disorders and
physical and psychosocial factors among construction workers

by Géran Engholm, MSc,"” Eva Holmstrém, PhD?
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Background As musculoskeletal disorders are common in general populations and they therefore constitute a
heavy burden to society, the identification of their determinants is important. The aim of this study was to
identify dose-response associations for location-specific prevalences of musculoskeletal disorders with various
physical exposures and psychosocial factors in a large group of workers.

Methods The study was based on cross-sectional data from self-administered questionnaires filled out by
85 191 male employees in the Swedish construction industry. In addition to symptoms from nine musculoskele-
tal locations, the questionnaire addresses physical exposures and psychosocial factors. Logistic regression
methods were used to study disorder prevalence in relation to scales of these exposures and factors.

Results Compared with working rarely in a stooping or twisted posture, the odds ratio (OR) for lower back
disorder with respect to often working in this posture was 3.05 [95% confidence interval (95% CI) 2.73-3.42].
The OR values for work with hands above the shoulders and for neck and shoulder disorders were 2.93 (95% CI
2.65-3.24) and 3.66 (95% CI 3.32-4.04), respectively. Among the psychosocial factors, sleeping problems and
hurrying without reason were associated with symptoms in all of the body locations, the highest OR being found
for neck symptoms and sleeping problems, 2.44 (95% CI 2.15-2.78).

Conclusions Work in awkward postures has strong location-specific dose-response associations. In contrast,
some psychosocial factors, primarily those reflecting characteristics of individual persons, are strongly associat-
ed with symptoms in all body locations. Symptoms seem not to be associated with factors like support from
workmates or supervisors or control of the work situation. All location-specific prevalence rates seem to

increase strongly with age.
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Musculoskeletal disorders, especially lower-back and
upper-extremity disorders, are common in the general
population and, therefore, also constitute a heavy eco-
nomic burden to people and society (1-3). Musculoskel-
etal disorders have been found by many investigators
to be associated with various factors, both physical and
psychosocial ones (1, 4, 5). A high prevalence of musc-
uloskeletal disorders has been reported for construction
workers (6-8). In this group, the prevalence is strongly
associated with age, in particular for neck, shoulder, and
hip disorders (8). Data concerning employees in the con-
struction industry show that an increase in the preva-
lence of musculoskeletal disorders occurs among con-
struction workers with lower back disorders when they
are compared with foremen and white-collar workers.
The increase with age shows a similar pattern for the
three categories, but at different levels (8).

Efforts to prevent musculoskeletal disorders should
be based on studies showing dose-response relationships
between the prevalence of musculoskeletal disorders
and relevant exposures. Results from such studies may
constitute the basis for setting priorities between pre-
vention options. The aim of this study was to determine
to what extent the prevalence of location-specific muscu-
loskeletal disorders shows dose-response associations with
various physical and psychosocial exposures in a large
group of persons employed in the construction industry.

Study population and methods

The basis for this study was questionnaire data gathered
during the period August 1989 through December 1992
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at regular health check-ups of Swedish workers, fore-
men, and white-collar workers employed in the con-
struction industry. The check-ups, to which invitations
were sent out every 2 to 3 years, were carried out by
Bygghilsan, the construction industry’s organization of
the work environment, safety, and health, which was set
up in the late 1960s to provide nationwide occupational
health services. The data were recorded from a self-ad-
ministered questionnaire filled out by all examinees pri-
or to their coming for check-ups.

Participants

A total of 85 191 men (73 631 construction workers,
8603 foremen, and 2957 white-collar workers) attend-
ed the voluntary check-ups, and all of them filled out
the questionnaire during the period concerned. Although
some 7500 men were examined more than once during
the period, this study was only based on their question-
naire replies with respect to the first check-up. It was es-
timated that they constituted some 78% of the total work-
force in the industry in the parts of Sweden in which the
questionnaire was used. Areas not covered by these check-
ups were the Stockholm and the Dalecarlia regions.

The questionnaire

The self-administered questionnaire contained questions
addressing symptoms and exposures. Out of the 15
symptom questions, nine addressed disorders of the mus-
culoskeletal system. There was a total of 29 questions

Table 1. Distribution of replies to the question concerning vibra-
tion exposure.

Reply alternative Number Percentage
Reply missing 4765 5.6
Good? 27 466 34.2
Rather good 16 543 20.6
Acceptable 24 798 30.8
Rather bad 7492 9.3
Bad 4127 5.1
All replies 80 426 100.0
Total 85 191 100.0

a Reference level in the analyses.

concerning exposure conditions, 18 of which were con-
sidered relevant in this study. Altogether 5 of the 18
addressed physical exposures (vibration, lifting heavy
loads, and work in three special postures). In addition,
there were 8 questions addressing the examinee’s gen-
eral perception of the psychosocial environment, and
finally there were 5 questions concerning the percep-
tion of the environment during the 12 months preced-
ing the check-up.

The question concerning vibration exposure was
phrased as follows: how do you judge your work envi-
ronment with respect to vibration exposure? Replies to
this question were missing for 4765 of the 85 191 ex-
aminees (5.6%). Table 1 shows that some 14% of the
remaining 80 426 persons considered their conditions
to be rather bad or bad.

The questions concerning other physical exposures
were phrased as follows: (i) how often do you lift heavy
burdens, (ii) how often do you work in a stooping or
twisted posture, (iii) how often do you work with your
hands above your shoulders, and (iv) how often do you
work in a kneeling posture? Table 2 shows that the re-
plies to these questions were only missing for some 2%
of the examinees.

The questionnaire contained eight questions address-
ing the examinee’s general perception of the psychoso-
cial environment. They were phrased as follows: (i) do
you find your work congenial and does it give you per-
sonal satisfaction (job satisfaction), (ii) can you decide
yourself how to organize your work (control of work
situation), (iii) are you informed well in advance of
plans for future work (information about future plans),
(iv) are your worktasks alternating (worktasks alternat-
ing), (v) can you get support from your supervisors
when facing difficulties (supervisory support), (vi) can
you get support from your workmates when facing dif-
ficulties (support from workmates), (vii) does your work
impose responsibility that is too heavy (responsibility
that is too heavy), and (viii) do you worry about health
hazards in your work (work health hazard anxiety)? In
addition there were the following five questions con-
cerning conditions during the past 12 months: (i) have
you found your work psychologically demanding (work
psychologically demanding), (ii) have you found it dif-
ficult to relax during leisure time (difficulties to relax

Table 2. Distribution of the replies to questions concerning certain physical exposures.

Missing Reply alternative Total
replies ; (%)

(%) Ragelya Rather rarely Somoetlmes Ratheor often Of)ten

(%) o) (%) (%) (%)
Lifting heavy burdens 2.1 13.0 7.8 33.1 26.8 17.2 100.0
Stooping or twisted posture 2.1 11.8 7.6 255 28.2 24.7 100.0
Hands above shoulders 2.1 16.3 8.5 2341 25.6 24.4 100.0
Kneeling 2.0 14.5 6.2 21.8 27.7 27.8 100.0

a Reference level in analyses.
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during leisure time), (iii) have you yourself been rush-
ing without there being any reasons for it (hurrying
without reason), (iv) have you suffered from sleepless-
ness (sleeping problems), and (v) have you felt sad or
depressed (depression)? Table 3 shows that the propor-
tion of missing replies to these questions ranged from
1.7% to 5.1%.

Analysis

The questions addressing musculoskeletal disorders had
the same phrasing as the corresponding questions in the
general standardized Nordic questionnaire (9): “Have
you during the last 12 months had pain, ache from your
neck/shoulder, etc?” The locations were the neck, shoul-
der, elbow, wrist or hand, upper back, lower back, hip,
knee, and ankle or foot, and the reply alternatives were
never, rarely, sometimes, often, and very often.

The prevalence of location-specific symptoms was
been studied in relation to various factors by means of
stepwise logistic regression analyses. As shown in
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table 4, the proportion of missing replies to the disor-
der questions ranged from 2.6% to 5.1%. The number
of replies to the question concerning neck disorders was
82 185. The table shows their distribution according to
the reply alternatives and the proportion of cases for
each location among persons in the analysis. In the lo-
gistic regression analysis the persons answering “some-
times” to a disorder question were disregarded. Accord-
ingly, as shown in the table, 26.0% of the neck replies
were disregarded. The 11.0.1 version of the SPSS pack-
age (SPSS Inc, Chicago, IL, USA) was used to relate
caseness (ie, case versus noncase) to age and replies to
questions concerning physical exposures and psychoso-
cial factors. With respect to age, the participants were
classified into S-year age groups with the youngest
group, below 25 years of age, as reference.

As for physical exposures and psychosocial factors,
the lowest exposure level and the best condition was tak-
en as the reference level. For each factor then, odds ratios
were calculated for five levels other than the reference
level. In the stepwise analysis, factors with an overall

Table 3. Distribution of the replies to questions concerning psychosocial factors.

Factor

Missing Reply alternative Total
replies - (%)

(%) Rarely? Rather rarely  Sometimes  Rather often Often

(%) (%) (%) (%) (%)
Job satisfaction 2.3 1.7 3.2 259 40.2 26.62 100.0
Control of work situation 1.7 2.4 3.3 19.9 36.0 36.72 100.0
Information about future plans 2.7 17.3 19.0 29.2 20.3 11.52 100.0
Alternating worktasks 1.8 2.8 4.6 20.2 35.7 34,92 100.0
Support from supervisors 51 3.1 3.2 18.3 259 4432 100.0
Support from workmates 4.0 3.7 3.4 22.9 25.7 40.32 100.0
Job responsibility too heavy 3.5 26.32 28.1 28.6 7.6 59 100.0
Work health hazard anxiety 2.3 21.92 171 40.2 10.1 8.5 100.0
Work psychologically demanding 2.0 4742 19.8 23.4 4.9 2.5 100.0
Difficulties to relax during leisure time 1.9 54.72 16.8 18.3 52 3.0 100.0
Hurrying without reason 2.1 25.82 17.0 37.8 11.7 5.7 100.0
Sleeping problems 1.7 65.02 15.3 12.4 3.2 2.3 100.0
Depression 1.9 61.12 20.5 13.8 1.7 0.9 100.0

2 Reference level in the analyses.

Table 4. Missing replies and the distribution according to alternatives of replies to the questions concerning musculoskeletal disorders

and the proportion of cases in the logistic regression analysis.?

Location Proportion Number Distribution of replies (%) Proportion of
of missing of cases in logistic reg-
replies (%) replies Never  Rarely Sometimes Often Very often Total ression analysis (%)
Neck 3.5 82 185 38.1 18.5 26.0 10.2 7.2 100.0 23.5
Shoulder 3.2 82 451 35.7 16.2 26.0 125 9.5 100.0 29.8
Elbow 41 81 665 60.1 15.5 14.0 5.8 4.7 100.0 121
Wrist or hand 42 81616 51.5 18.5 19.0 6.6 4.4 100.0 135
Upper back 5.1 80 836 50.5 23.9 17.6 5.2 2.8 100.0 9.7
Lower back 2.6 82 985 23.8 14.9 35.7 15.7 10.0 100.0 39.9
Hip 45 81372 65.9 15.4 1.3 42 3.1 100.0 8.3
Knee 2.9 82 682 36.5 15.3 27.9 121 8.2 100.0 28.2
Ankle or foot 4.0 81 766 62.5 17.2 12.2 45 3.6 100.0 9.2

2 For the logistic regression analyses relating disorders to exposures and age, the participants responding with “sometimes” were excluded. The cases
were the participants responding with “often” or “very often”, who were contrasted to the noncases (ie, participants responding with “never” or

“rarely”).
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P-value exceeding 0.001 were excluded. Result tables
report odds ratios (OR) with 95% confidence intervals
(95% CI). To reduce the size of the result tables, how-
ever, the results are not shown for the “missing reply
level” or for the reference level.

Results

The results of the analyses for all of the locations but
the ankle or foot are summarized in table 5.

Vibration exposure showed a positive dose—response
association with symptoms from all of the locations but

the lower back, lifting heavy burdens corresponded with
all but the neck, stooping or twisted posture was related
to all but the knee, and hands above the shoulders to all
but the lower back and knee. Kneeling only turned out
to have a positive dose—response association with symp-
toms of the knee and wrist or hand.

Out of the 13 questions addressing the perception of
the psychosocial environment, four did not show a sig-
nificant dose—response association with symptoms from
any of the eight locations. They were the questions con-
cerning job satisfaction, control of the work situation,
and support from supervisors and workmates. On the
other hand, positive dose-response associations with all

Table 5. Odds ratios (OR) with 95% confidence intervals (95% Cl) for each combination of body location and the highest level of the

physical exposure or the psychosocial factor.

Exposure Body location
Neck Shoulder Elbow Wrist or hand Upper back Lower back Hip Knee

OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95% Cl
Vibration ~ 1.34 1.21-1.47¢ 1.44 1.31-1.592 1.55 1.40-1.722 2.21 2.00-2.442 1.30 1.16-1.46* 1.08 0.98-1.19 1.35 1.20-1.532 1.09 0.99-1.20
Lifting
heavy
burdens 1.03 0.92-1.15 1.27 1.14-1.422 1.62 1.42-1.852 1.60 1.40-1.842 1.23 1.06-1.422 1.90 1.72-2.112 1.35 1.16-1.572 1.26 1.13-1.40°
Stooping
or twisted
posture 1.87 1.67-2.082 1.77 1.57-1.992 1.55 1.34-1.802 1.60 1.38-1.872 2.23 1.89-2.632 3.05 2.73-3.422 1.79 1.53-2.102 1.19 1.06-1.342
Hands
above
shoulders  2.93 2.65-3.242 3.66 3.32-4.042 1.77 1.59-1.972 1.44 1.28-1.62@ 1.54 1.35-1.762 0.77 0.71-0.85" 1.06 0.93-1.19 0.90 0.82-0.99°
Kneeling  0.69 0.62-0.77% 0.70 0.63-0.77% 1.07 0.94-1.22 1.25 1.10-1.422 0.79 0.69-0.91% 1.12 1.02-1.24 1.19 1.03-1.382 3.94 3.55-4.37¢
Low job
satisfaction 0.88 0.75-1.03 0.92 0.79-1.08 0.90 0.75-1.08 0.84 0.71-1.00 0.91 0.76-1.10 1.10 0.94-1.29 0.78 0.63-0.95° 0.96 0.82-1.12
Lack of
control 1.01 0.88-1.16 1.16 1.01-1.332 1.21 1.03-1.41 1.18 1.02-1.37 1.17 0.99-1.37 1.13 0.99-1.29 1.17 0.98-1.40 1.02 0.90-1.16
Poor

information 1.30 1.19-1.422 1.33 1.22-1.442 1.14 1.04-1.262 1.28 1.16-1.422 1.14 1.02-1.272 1.24 1.14-1.342 1.17 1.04-1.312 1.22 1.13-1.32¢

Lack of task
variation
Poor
supervisory
support
Poor work-

1.03 0.91-1.16 0.94 0.84-1.05 0.99 0.86-1.13 0.95 0.83-1.08 0.97 0.84-1.13 0.91 0.81-1.02 0.97 0.84-1.14

1.57 1.39-1.78® 1.62 1.43-1.832 1.29 1.13-1.472 1.42 1.25-1.612 1.38 1.20-1.59¢ 1.51 1.34-1.70® 1.25 1.07-1.462 1.13 1.00-1.262

0.92 0.82-1.03

mate support 1.14 1.03-1.28 1.10 0.99-1.23 0.96 0.84-1.09 1.06 0.93-1.20 1.12 0.98-1.28 1.04 0.93-1.16 1.23 1.07-1.412 1.08 0.97-1.20

Job res-
ponsibility
too heavy
Work health
hazard
anxiety
Work psy-
chologically

demanding 1.14 0.99-1.30 1.06 0.92-1.21 1.20 1.03-1.40@ 1.16 1.00-1.35¢ 1.24 1.05-1.45¢ 1.05 0.92-1.21 0.98 0.82-1.16

Difficult to
relax during

leisure time 1.12 0.99-1.27 1.06 0.93-1.20 0.92 0.80-1.06 1.16 1.02-1.33# 1.28 1.11-1.492 1.13 1.00-1.29 1.06 0.91-1.24

Hurrying
without
reason
Sleeping
problems

0.91 0.83-1.00 0.91 0.83-1.00 0.96 0.86-1.06 1.00 0.90-1.11

1.03 0.92-1.16 1.00 0.91-1.09 1.05 0.94-1.18 1.12 1.03-1.22¢

2.15 1.97-2.352 2.37 2.18-2.592 1.71 1.55-1.892 1.78 1.62-1.962 1.91 1.71-2.13* 2.36 2.17-2.57* 1.77 1.58-1.99¢ 1.87 1.72-2.032

1.08 0.94-1.24

1.18 1.04-1.332

1.78 1.62-1.962 1.76 1.60-1.932 1.38 1.24-1.532 1.35 1.22-1.512 1.31 1.16-1.47% 1.74 1.59-1.912 1.34 1.18-1.522 1.27 1.16-1.40¢

2.44 2.15-2.782 2.41 2.11-2.74% 2.21 1.95-2.512 2.03 1.77-2.322 2.56 2.23-2.95% 1.99 1.74-2.27% 2.24 1.94-2.60° 1.84 1.63-2.09¢
Depression 1.06 0.87-1.302 1.04 0.85-1.27 1.09 0.87-1.36 1.34 1.09-1.642 1.19 0.95-1.492 1.24 1.00-1.532 1.19 0.95-1.51

1.12 0.93-1.36

2 Combinations for which there was a positive dose—response association between the exposure or factor and symptoms of the musculoskeletal
location (ie, for which the OR is monotonously and significantly increasing) as the exposure or factor level increases.

b Combinations for which there was a corresponding decrease in the OR.
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locations were found for the three questions addressing
work health hazard anxiety, hurrying without reason,
and sleeping problems.

For four combinations, hands above the shoulders—
lower back, kneeling—neck, kneeling—upper back, and
kneeling—shoulders, a negative dose-response associa-
tion was found.

Work in awkward postures showed stronger associa-
tions with musculoskeletal disorders than with psychoso-
cial factors. Age, as defined in this study, showed a strong-
er association with musculoskeletal disorders than any oth-
er factor analyzed in the study (tables 6 and 7).

The strength of the association between physical
exposures and musculoskeletal disorders varied between
body locations. Psychosocial factors, on the other hand,

Engholm & Holmstrém

showed a more general and consistent association with
musculoskeletal disorders from all locations (table 5).

For exposure to work in a stooping or twisted pos-
ture the highest OR values were found for the lower and
upper-back disorders with OR values of 3.66 (95% CI
3.32-4.04) and 2.93 (95% CI 2.65-3.24), respectively
(table 7). The highest OR values for exposure to work
with hands above shoulder level were found for shoul-
der and neck disorders with OR values of 3.66 (95% CI
3.32-4.04) and 2.93 (95% CI 2.65-3.24), respectively
(table 6). The highest OR value for exposure to kneel-
ing was found for knee disorders with an OR value of
3.94 (95% CI 3.55-4.37) (table 7).

Lifting heavy burdens showed more modest associ-
ations with lower-back disorders with an OR value of

Table 6. Odds ratios (OR) with 95% confidence intervals (95% Cl) for the neck, shoulder, elbow, and wrist or hand and factor-specific

levels of exposure.?

Factor Neck Shoulder Elbow Wrist or hand
OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Vibration conditions

Rather good 0.96 0.90-1.02 0.99 0.93-1.05 0.95-1.11 1.16 1.08-1.25

Acceptable 1.01 0.95-1.07 1.1 1.05-1.17 1.13 1.06-1.21 1.25 1.16-1.33

Rather bad 1.23 1.14-1.33 1.27 1.18-1.38 1.42 1.30-1.55 1.63 1.49-1.78

Bad 1.34 1.21-1.47 1.44 1.31-1.59 1.55 1.40-1.72 2.21 2.00-2.44
Lifting heavy burdens

Rather rarely . 1-1.14 0.94-1.25 1.05 0.91-1.22

Sometimes . . 1.12 2-1.24 1.03-1.32 1.23 1.08-1.39

Rather often . - . 7-1.43 1.24-1.60 1.43 1.25-1.62

Often . - 1.27 4-1.42 1.42-1.85 1.60 1.40-1.84
Stooping or twisted posture

Rather rarely . 1.02-1.31 .05-1.35 1.15 0.98-1.35 0.99 0.83-1.17

Sometimes 1.41 1.26-1.56 .18-1.47 1.23 1.07-1.42 1.20 1.04-1.39

Rather often 1.52-1.88 41-1.76 1.25-1.65 1.28 1.10-1.48

Often 1.67-2.08 .57-1.99 1.34-1.80 1.60 1.38-1.87
Hands above shoulders

Rather rarely 1.14 1.02-1.28 1.16 .04-1.29 1.12 0.98-1.27 1.12 0.98-1.28

Sometimes 1.21 1.10-1.34 1.38 .26-1.52 1.27 1.14-1.42 1.18 1.05-1.33

Rather often 1.64 1.48-1.82 1.98 .80-2.18 1.49 1.34-1.66 1.36 1.21-1.53

Often 2.93 2.65-3.24 3.66 .32-4.04 1.77 1.59-1.97 1.44 1.28-1.62
Kneeling

Rather rarely 0.90 0.80-1.02 1.04 0.90-1.21

Sometimes 0.74 0.67-0.82 1.06 0.93-1.20

Rather often 0.74 0.67-0.82 1.13 0.99-1.28

Often 0.69 0.62-0.77 1.25 1.10-1.42
Poor information about future plans

Rather often 1.04 0.96-1.13 5-1.11 0.99 0.90-1.09 1.07 0.97-1.18

Sometimes 1.12 1.04-1.22 .04-1.21 1.05 0.96-1.15 1.17 1.07-1.29

Rather seldom 1.10 1.01-1.20 .09-1.29 1.05 0.95-1.16 1.22 1.10-1.35

Seldom 1.30 1.19-1.42 2-1.44 1.14 1.04-1.26 1.28 1.16-1.42
Lack of worktask variation

Rather often 1.05 1.00-1.11 1.1 1.06-1.17 0.98-1.10 0.95 0.89-1.01

Sometimes 1.20 1.12-1.28 1.24 1.16-1.32 1.13 1.05-1.21 1.00 0.93-1.07

Rather seldom 1.48 1.33-1.63 1.46 1.33-1.62 1.2 1.12-1.41 1.10 0.99-1.23

Seldom 1.57 1.39-1.78 1.62 1.43-1.83 1.29 1.13-1.47 1.42 1.25-1.61
Job responsibility too heavy

Rather seldom 0.89 0.84-0.95

Sometimes 0.90 0.85-0.95

Rather often 0.86 0.79-0.93

Often 0.91 0.83-1.00

(continued)
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Table 6. Continued.

Factor Neck Shoulder Elbow Wrist or hand
OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Work health hazard anxiety
Rather seldom 1.06 0.98-1.15 1.04 0.97-1.12 0.98 0.89-1.07 0.94 0.85-1.03
Sometimes 1.43 1.34-1.53 1.44 1.36-1.54 1.21 1.12-1.30 1.19 1.10-1.28
Rather often 1.93 1.77-2.10 2.14 1.97-2.32 1.64 1.49-1.80 1.53 1.39-1.68
Often 2.15 1.97-2.35 2.37 2.18-2.59 1.71 1.55-1.89 1.78 1.62-1.96
Work psychologically demanding
Rather seldom 1.04 0.98-1.10 1.02 0.96-1.08
Sometimes 1.21 1.14-1.28 1.13 1.07-1.20
Rather often 1.26 1.14-1.39 1.12 1.02-1.24
Often 1.14 0.99-1.30 1.06 0.92-1.21
Difficult to relax during leisure time
Rather seldom . . . . . . 1.00 0.93-1.08
Sometimes . . . . . . 1.13 1.06-1.21
Rather often . . . . . . 1.22 1.09-1.35
Often . . . . . . 1.16 1.02-1.33
Hurrying without reason
Rather seldom . 1.00-1.16 1.08 1.01-1.16 0.91 0.84-0.99 0.90 0.83-0.98
Sometimes 1.32 1.25-1.41 1.30 1.22-1.37 1.04 0.97-1.11 1.12 1.04-1.20
Rather often 1.69 1.56-1.82 1.57 1.45-1.69 1.24 1.14-1.35 1.21 1.10-1.32
Often 1.78 1.62-1.96 1.60-1.93 1.38 1.24-1.53 1.35 1.22-1.51
Sleeping problems
Rather seldom 1.24 1.16-1.32 1.21 1.14-1.29 1.15 1.08-1.24 1.20 1.12-1.29
Sometimes 1.63 1.53-1.73 1.60 1.51-1.71 1.40 1.30-1.50 1.41 1.31-1.52
Rather often 2.08 1.87-2.32 2.13 1.91-2.36 1.74 1.55-1.95 1.86 1.66-2.09
Often 2.44 2.15-2.78 2.41 2.11-2.74 2.21 1.95-2.51 2.03 1.77-2.32
Depression
Rather seldom 1.06 1.00-1.13 1.02 0.96-1.08 . . 1.12 1.05-1.20
Sometimes 1.26 1.18-1.35 1.15 1.08-1.23 . . 1.23 1.14-1.32
Rather often 1.36 1.17-1.58 1.16 1.00-1.35 . . 1.29 1.10-1.50
Often 1.06 0.87-1.30 1.04 0.85-1.27 . . 1.34 1.09-1.64
Age
25-29 years 1.76 1.61-1.92 1.94 1.78-2.10 1.48 1.30-1.68 1.12 1.03-1.22
30-34 years 2.68 2.45-2.93 2.80 2.57-3.04 2.73 2.41-3.08 1.19 1.08-1.31
35-39 years 3.68 3.37-4.02 3.77 3.47-4.09 451 4.02-5.06 1.36 1.24-1.49
40-44 years 4.09 3.76-4.46 4.90 4.52-5.31 6.72 6.02-7.51 1.34 1.22-1.46
45-49 years 4.44 4.07-4.84 6.16 5.67-6.69 8.26 7.39-9.23 1.52 1.39-1.66
50-54 years 5.93 5.41-6.51 8.48 7.76-9.27 8.21 7.29-9.24 1.79 1.63-1.97
55-59 years 710 6.43-7.85 10.64 9.66-11.73 8.59 7.58-9.75 1.95 1.75-2.17
60- years 7.01 6.25-7.86 10.85 9.71-12.12 8.41 7.30-9.70 1.99 1.75-2.26

2 The OR was not reported for the reference level of a factor—by definition 1—or for the “reply missing” category.

Table 7. 0Odds ratios (OR) with 95% confidence intervals (95% CI) for the upper back, lower back, hip, and knee and factor-specific
levels of exposure.2

Factor Upper back Lower back Hip Knee
OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Vibration conditions

Rather good 1.03 0.95-1.12 1.00-1.19 1.00-1.13

Acceptable 1.00 0.93-1.08 1.10-1.29 1.04-1.16

Rather bad 1.10 0.99-1.21 1.07-1.33 1.08-1.25

Bad 1.30 1.16-1.46 1.20-1.53 0.99-1.20
Lifting heavy burdens

Rather rarely 0.82 0.70-0.97 0.94 0.85-1.05 0.89-1.21 0.99 0.89-1.11

Sometimes 0.95 0.83-1.09 1.16 1.06-1.28 1.03 0.90-1.18 1.09 0.99-1.20

Rather often 1.10 0.96-1.27 1.70 1.55-1.87 1.23 1.07-1.41 1.30 1.18-1.44

Often 1.23 1.06-1.42 1.90 1.72-2.11 1.16-1.57 1.26 1.13-1.40
Stooping or twisted posture

Rather rarely 1.06 0.88-1.28 1.15 1.02-1.29 0.97 0.81-1.17

Sometimes 1.31 1.11-1.53 1.50 1.35-1.67 1.11 0.95-1.29

Rather often 1.82 1.54-2.14 2.10 1.89-2.34 1.39 1.19-1.63

Often 2.23 1.89-2.63 3.05 2.73-3.42 1.79 1.53-2.10

(continued)
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Factor Upper back Lower back Hip Knee
OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Hands above shoulders
Rather rarely 1.08-1.46 1.04 0.94-1.15 1.11-1.47 1.02 0.92-1.14
Sometimes 1.18 1.03-1.35 0.95 0.87-1.04 1.07-1.37 1.13 1.03-1.24
Rather often . 1.09-1.43 0.86 0.78-0.94 0.97-1.24 1.09 0.99-1.19
Often 1.54 1.35-1.76 0.77 0.71-0.85 0.93-1.19 0.90 0.82-0.99
Kneeling
Rather rarely 0.87 0.74-1.03 1.18 1.05-1.34
Sometimes 0.80 0.70-0.92 1.22 1.10-1.35
Rather often 0.73 0.64-0.84 2.11 1.90-2.34
Often 0.79 0.69-0.91 3.94 3.55-4.37
Poor information about future plans
Rather often 1.00 0.93-1.08 0.97 0.90-1.05
Sometimes 1.08 1.00-1.16 1.05 0.97-1.12
Rather seldom 112 1.03-1.21 1.14 1.05-1.23
Seldom 1.24 1.14-1.34 1.22 1.13-1.32
Lack of worktask variation
Rather often 1.04 0.97-1.11 1.07 1.02-1.13
Sometimes 1.08 1.00-1.17 1.18 1.11-1.25
Rather seldom 1.33 1.18-1.50 1.32 1.20-1.46
Seldom 1.38 1.20-1.59 1.51 1.34-1.70
Job responsibility too heavy
Rather seldom 1.00 0.94-1.05
Sometimes 1.09 1.03-1.15
Rather often 1.19 1.10-1.29
Often 1.12 1.03-1.22
Work health hazard anxiety
Rather seldom 0.93 0.83-1.04 1.05 0.98-1.12 1.03 0.93-1.15 1.00 0.93-1.07
Sometimes 1.25 1.14-1.36 1.46 1.38-1.55 1.22 1.11-1.33 1.26 1.18-1.33
Rather often . 1.44-1.79 2.1 1.95-2.28 1.54 1.38-1.73 1.66 1.54-1.80
Often 1.91 1.71-2.13 2.36 2.17-2.57 1.77 1.58-1.99 1.87 1.72-2.03
Work psychologically demanding
Rather seldom 1.05 0.97-1.14
Sometimes 1.18 1.09-1.28
Rather often 1.21 1.07-1.38
Often 1.24 1.05-1.45
Difficult to relax during leisure time
Rather seldom 117 1.07-1.27
Sometimes 1.18 1.09-1.28
Rather often 1.26 1.12-1.43
Often 1.28 1.11-1.49
Hurrying without reason
Rather seldom .97 0.88-1.07 1.00 0.94-1.07 0.99 0.89-1.10 0.97 0.91-1.03
Sometimes 1.15 1.06-1.25 1.33 1.26-1.40 1.15 1.05-1.25 1.12 1.06-1.18
Rather often . 1.21-1.48 1.64 1.52-1.76 1.26 1.13-1.40 1.25 1.16-1.34
Often 1.31 1.16-1.47 1.74 1.59-1.91 1.34 1.18-1.52 1.27 1.16-1.40
Sleeping problems
Rather seldom 1.18 1.09-1.28 1.26 1.19-1.33 1.23 1.13-1.34 1.18 1.11-1.25
Sometimes 1.55 1.43-1.69 1.55 1.46-1.65 1.60 1.47-1.74 1.38 1.30-1.47
Rather often 1.90 1.67-2.15 1.87 1.67-2.08 2.04 1.79-2.32 1.62 1.46-1.79
Often 2.56 2.23-2.95 1.99 1.74-2.27 2.24 1.94-2.60 1.84 1.63-2.09
Depression
Rather seldom 1.06 0.98-1.15 1.19 1.13-1.26
Sometimes 1.28 1.18-1.39 1.38 1.29-1.47
Rather often 1.55 1.32-1.83 1.55 1.34-1.80
Often 1.19 0.95-1.49 1.24 1.00-1.53
Age
25-29 years 1.05 0.95-1.16 1.38 1.28-1.47 1.36 1.17-1.58 1.14 1.07-1.22
30-34 years 1.14 1.03-1.27 1.52 1.41-1.63 2.02 1.74-2.35 1.26 1.17-1.36
35-39 years 1.18 1.06-1.31 1.97 1.83-2.12 2.76 2.40-3.19 1.37 1.27-1.48
40-44 years 1.13 1.02-1.26 2.18 2.03-2.34 4.07 3.56-4.66 1.55 1.44-1.66
45-49 years 1.15 1.04-1.28 2.22 2.06-2.39 5.77 5.06-6.59 1.77 1.65-1.91
50-54 years 1.53 1.37-1.72 2.93 2.70-3.18 8.68 7.59-9.92 2.18 2.01-2.36
55-59 years 1.61 1.43-1.83 3.14 2.87-3.45 11.84 10.31-13.60 2.50 2.29-2.73
60— years 1.58 1.36-1.84 3.01 2.70-3.36 13.43 11.54-15.62 2.70 2.43-3.00

2The OR was not reported for the reference level of a factor—by definition 1—or for the “reply missing” category.
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1.90 (95% CI 1.72-2.11), followed by elbow and wrist
or hand disorders with OR values of 1.62 (95% CI 1.42-
1.85) and 1.60 (95% CI 1.40-1.84), respectively (ta-
bles 6 and 7).

Exposure to vibration was more strongly associated
with neck and upper-extremity disorders than with back
and lower-extremity disorders. The strongest relation-
ship was found for the wrists or hands, the most periph-
eral part of the extremity, with an OR value of 2.21 (95%
CI 2.00-2.44), followed by a gradual decrease in the OR
values for elbows, shoulders, and the neck (table 6).

Of the psychosocial items, sleeping problems, work
health hazard anxiety, and hurrying without reason
showed the strongest associations with musculoskeletal
disorders of the nine body locations, with OR values in
the ranges of 1.84-2.44, 1.71-2.27, 1.27-1.78, respec-
tively (tables 6 and 7).

Discussion

What gives this study its strength is the size of the study
group, which provides for good possibilities to demon-
strate dose—response associations, if there are any, and
to obtain stable risk estimates. Its weakness derived from
its cross-sectional character, which made it difficult to
draw a conclusion from the associations reported.

Dose-response associations with musculoskeletal
disorders were found for both physical and psychoso-
cial factors. The results, in general, support overall re-
sults presented in comprehensive reviews (1, 3, 10) and
may therefore, to some extent, strengthen the evidence.

Most of the studies on associations between muscu-
loskeletal disorders and work-related factors have fo-
cused on the lower back, the neck and neck or shoul-
der, or the upper extremity. In our study, eight body lo-
cations were analyzed to make it possible to study pat-
terns of location-specific risk estimates for various phys-
ical and psychosocial factors.

Age was the single most important factor associat-
ed with musculoskeletal disorders for all body locations.
This association has been reported for samples of pop-
ulations (11) and for construction workers (8, 12). Age
seems to be one of the most important characteristics
of the individual in contributing to the development of
pain and disability (3). This finding may have implica-
tions for intervention strategies.

Physical factors

Higher OR values for musculoskeletal disorders were
found for exposure to physical factors than for expo-
sure to psychosocial factors. This finding is in agreement
with the results concerning work-related upper-extremity
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disorders in a population-based study, carried out in
1996 with 3200 respondents (13), and in a study of low-
back pain among scaffolders (14). In a prospective study
of low-back pain in a cohort of 861 workers, no signif-
icant associations between psychosocial job character-
istics and low-back pain was found after adjustment for
various physical and individual factors (15). A system-
atic review of psychosocial factors at work and back
pain found evidence for an effect of work-related psy-
chosocial factors but could not establish evidence for
any single factor (16). Neck pain, however, was signif-
icantly associated with high quantitative demands, re-
flecting “much to do at work™ and with low co-worker
support (17). The results concerning physical exposures
in our study differed from those in earlier studies of low-
er-back and neck or shoulder disorders among construc-
tion workers (18, 19). This finding can be explained by
the fact that the larger and more heterogeneous group of
persons in our study was comprised of persons repre-
senting a wider range of physical exposures.

Predictors for the occurrence of new episodes of
low-back pain were poor general health at baseline in a
population-based study of construction workers (20),
workers’ stress due to personal relations at work, awk-
ward postures during work and unstable body balance like
scaffoldings (21), and a history of back pain and low job
satisfaction in a study of employees in an industry (22).

The various physical exposures showed different
patterns of association with location-specific muscu-
loskeletal disorders. In contrast, the psychosocial fac-
tors showed similar patterns of association with loca-
tion-specific musculoskeletal disorders. The explanation
for this finding could be that physical factors like load,
frequency, and the duration of physical strain probably
have localized effects on the exposed part of the body,
while psychosocial factors have a more general influ-
ence on the whole system. To understand fully the prob-
able different pathomechanisms behind location-specific
musculoskeletal disorders and widespread pain in rela-
tion to the workplace, separate analyses of the groups
with located and widespread pain disorders have to be
performed.

As for lower-back disorders, evidence, but no strong
evidence, for an association with work-related awkward
postures was reported in a review by the National Insti-
tute for Occupational Safety and Health (NIOSH) from
1997 (1) and supported by others (10, 23, 24). Our re-
sults only support the finding of an increased risk asso-
ciated with work in a stooping or twisted posture.

According to the NIOSH review (1) there is strong
evidence for an increased risk of neck and neck or shoul-
der disorders for people with high levels of static con-
traction, prolonged static loads, or extreme work pos-
tures involving the neck or shoulder muscles. Our re-
sults are in accordance with the findings of this review.



Hansson & Westerholm (10), however, found the evi-
dence to be insufficient.

The NIOSH report (1) showed evidence for an asso-
ciation between repeated or sustained shoulder postures
with greater than 60 degrees of flexion or abduction and
shoulder musculoskeletal disorders in agreement with our
findings. The evidence for shoulder postures was strong-
est when combined with exposure to several physical fac-
tors. This finding supports the evidence of an increased
risk for shoulder disorders among construction workers
often working with hands above shoulder level.

Our finding of an association between knee strain-
ing work and knee disorders is supported in prospec-
tive studies of floor layers, carpenters and compositors
(25) and employees in a large forestry company (26).
Miranda et al found (26) similar risk factors, including
knee straining work, age, and overweight, for knee dis-
orders as for knee osteoarthritis (26). The association
between kneeling and wrist or hand disorders may be
explained by the fact that when working in a kneeling
posture, one has to support oneself with one hand on
the floor while using the other hand for handling ma-
chines.

Psychosocial factors

The psychosocial items in our study represent factors
associated with the job and work environment, as well
as with characteristics of the individual worker. Items
related to the job and the work environment are lack of
worktask variation, lack of control, work responsibility
that is too heavy, psychologically demanding work, poor
supervisory support, poor workmate support, and poor
information. Psychosocial items that were rather relat-
ed with the individual worker were work health hazard
anxiety, low job satisfaction, difficulties to relax dur-
ing leisure time, hurrying without reason, sleeping prob-
lems, and depression.

Out of the two types of psychosocial items, primari-
ly those rather reflecting individual characteristics
showed associations with musculoskeletal disorders.
Three of these items, work health hazard anxiety, hur-
rying without reason, and sleeping problems, showed
dose-response associations with musculoskeletal disorders
in all body locations. It may therefore be reasonable to
assume that these factors may trigger a system giving pain
in the whole body. It may also be the other way around.
The cross-sectional design of our study did not allow any
conclusions to be drawn about cause and effect.

Of all the psychosocial items, sleeping problems
showed the highest OR values for six of the eight body
locations. There are few reports about sleeping problems
as a risk factor for musculoskeletal disorders, but these
problems have been reported in connection with fibro-
myalgia (27). An association between fatigue and short-
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term, as well as long-term, sickness absence has also
been reported (28).

Anxiety is a factor focused on in research about low-
back pain (29), but it is obviously a general problem.
Work health hazard anxiety, sleeping problems, and
depression may simply be consequences of pain and
have to be further analyzed in prospective studies.

Hurrying without reason could be a manifestation of
a so-called type A-behavior. In an earlier study of low-
back and neck or shoulder disorders among construc-
tion workers, a stress index, including the items hurry-
ing without reason and difficulties to relax during lei-
sure time, showed a significant association with lower-
back and neck or shoulder disorders (18, 19). In the
present study, difficulties to relax during leisure time
was only significantly associated with upper-back and
wrist or hand disorders. Mental stress may induce mus-
cle tension and has been suggested to contribute to the
development of work-related upper-extremity disorders
(30). It has recently been demonstrated that mental stress
and physical demand activate the same motor units.
Lack of rest and recovery seems even more important
for health than the magnitude of stress and physical de-
mands during work (31). Mental stress and time for re-
covery have to be considered in the prevention of mus-
culoskeletal disorders.

Low job satisfaction is not significantly associated
with musculoskeletal disorders from any body location,
at the level of significance decided in our study. This
finding is in contrast to results from reviews (3) and
from results from prospective studies of low-back pain
(19, 22, 24, 32). However, there are reports on short-
comings concerning reported associations between low-
back pain and low job satisfaction (16). Low job satis-
faction shows an association with neck and shoulder
physical findings and symptoms in a study of machine
operators, carpenters, and office workers (33).

Of the factors associated with the job and the work
environment in this study, the items lack of control, poor
workmate support, and poor supervisory support were
not significantly associated with symptoms from any lo-
cation at the level of significance chosen. Earlier stud-
ies of lower-back pain and neck—shoulder trouble among
construction workers were not significantly associated
with the two support items (18, 19). These results are
in contrast to those of Ariens et al (17), who, in a pro-
spective study, found that low co-worker support in-
creased the risk for neck pain. However, doubts con-
cerning the relationship between low-back pain and low
workplace social support is reported in a review by
Hoogendoorn et al (16).

The item lack of worktask variation showed clear
dose-response associations with musculoskeletal disor-
ders from all body locations except the hip and knee. This
finding is in agreement with those of other studies, and
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there is evidence for repetition as a risk factor for neck
and shoulder, shoulder, and hand and wrist disorders (1,
3).

Method

According to estimates our study group constituted some
78% of the total number of persons employed in the in-
dustry. A dropout frequency of 22% seems reasonable
when compared with those of other studies in the con-
struction industry (34). On one hand, the dropout rep-
resents employees not having been reached by invita-
tions and, on the other, employees unwilling or unable
to attend the health check-ups. According to the gener-
al experience gained in the Bygghilsan check-ups, the
construction workers and the foremen examined are rep-
resentative of their respective categories.

The questionnaire used in this study was a modified
version of the standardized Nordic questionnaire for the
analysis of musculoskeletal symptoms (9) with reply
alternatives from “never” to “very often” instead of from
“0 day” to “daily”. The persons responding with “very
often” or “often” were considered cases. As for low-
back pain among construction workers, this practice
seems to correspond well with reported symptoms of
more than 30 days a year in the Nordic questionnaire.
This agreement, in turn, corresponds well to positive
findings in a clinical examination of workers in this cat-
egory who report current low-back pain (35). Earlier
analyses of self-reported physical exposure have not in-
dicated that exposure is overestimated from the replies
to the physical exposure questions used in the study
(36). Most of the questions about the psychosocial work
environment stemmed from a large survey of white-col-
lar workers in Sweden’s Federation of White Collar Un-
ions and has been adapted to the construction industry
(37). The type-A behavior questions were modified
questions from the JAS Inventory (Jenkins Activity Sur-
vey, type A score), which was originally designed to
identify a behavior pattern for coronary heart disease
(38). It has not been validated in the revised form used
in this study.

Concluding remarks

Age was found to be a stronger determinant than any
other factor analyzed in this study. Physical factors, es-
pecially awkward work postures, showed strong loca-
tion-specific risk estimates for musculoskeletal disorders
increasing with dose. The strongest risk factors were
stooping or twisted postures for lower-back disorders,
work with hands above the shoulder level for shoulder
and neck disorders, and work in kneeling postures for
knee disorders. Work health hazard anxiety, sleeping
problems, and hurrying without reason showed dose—
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response associations with musculoskeletal disorders
from all body locations. The strongest psychosocial de-
terminant for musculoskeletal disorders was sleeping
problems. Lack of control, poor workmate support, and
poor supervisory support were not, at the significance
level chosen in this study, significantly associated with
musculoskeletal disorders from any location.
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