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Objectives   This study investigates whether an imbalance between physical capacity and exposure to work-
related physical factors is associated with low-back, neck, or shoulder pain.
Methods   Data of the longitudinal study on musculoskeletal disorders, absenteeism, stress, and health
(SMASH), with a follow-up of 3 years (N=1789), were used. At baseline, physical capacity (isokinetic lifting
strength, static muscle endurance, and mobility of the spine) and exposure to work-related physical factors were
assessed. During the follow-up, low-back, neck, and shoulder pain were self-reported annually. “Imbalance”
was defined as lower than median capacity combined with higher than median exposure, “high balance” was
high capacity and high exposure, and “low balance” was low capacity and low exposure.
Results   For both the low-back and neck, imbalance between static endurance and working with flexed postures
was a risk factor for pain [relative risk (RR) 1.35, 95% confidence interval (95% CI) 1.08–1.68, and RR 1.36,
95% CI 0.96–1.91, respectively]. Low balance was also associated with low-back pain (RR 1.29, 95% CI 1.04–
1.68). Furthermore, low balance between isokinetic lifting strength and lifting exposure was a risk factor for
low-back and neck pain [RR between 1.22 (95% CI 0.99–1.49) and 1.35 (95% CI 1.03–1.79)]. No associations
were found with shoulder pain.
Conclusions   Some relationship between low-back and neck pain and combined measures of physical capacity
with exposure to work-related physical factors seems to exist, but an imbalance between physical capacity and
exposure was not found to yield higher risks than high balance or low balance.
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Musculoskeletal symptoms are common in the working
population and may be caused by high exposure to
work-related physical factors (1–5). Next to high expo-
sure, the low capacity of mechanical and physiological
responses of the body to an exposure may contribute to
the development of musculoskeletal symptoms. Muscle
strength, muscle endurance, and joint mobility are ex-
amples of proxy measures of physical capacity, which
can be measured by different physical tests. The rela-
tionship between physical capacity and the risk of mus-
culoskeletal symptoms has been investigated in several

longitudinal studies with contradictory results (6–19).
However, it may play a role in the risk of musculoskel-
etal symptoms in combination with high exposure. The
biomechanical load–tolerance model defines “load” as
physical stresses acting on the body or on anatomical
structures within the body and “tolerance” as the capac-
ity of physical and physiological responses of the body
to counteract the load (20).

Previously, data of the longitudinal study on musc-
uloskeletal disorders, absenteeism, stress, and health
(SMASH) have been used for analyses on the association
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between exposure to work-related physical factors and
low-back or neck pain (21, 22) and on the association
between physical capacity and low-back, neck, or shoul-
der pain (12). In these studies, some physical work-re-
lated measures, as well as some physical capacity meas-
ures, were found to be risk factors. In a study of Harbin
et al (23), the incidence of low-back injury was much
higher among workers who did not have the lifting
strength to perform their job than among workers who
had the needed physical capabilities.

We hypothesized that an imbalance between physi-
cal capacity and exposure to work-related physical fac-
tors is an even more important risk factor with respect
to musculoskeletal symptoms than each of these factors
on its own. For either high capacity combined with high
exposure or low capacity combined with low exposure,
we hypothesized only a small increased risk when com-
pared with that of high capacity and low exposure. The
main objective of the current study was to determine
whether an imbalance between physical capacity (isok-
inetic muscle strength, static muscle endurance, and
mobility of the spine) and exposure to work-related
physical factors is associated with low-back, neck, or
shoulder pain.

Study population and methods

Design

Data from the longitudinal study on musculoskeletal dis-
orders, absenteeism, stress, and health (SMASH) (21,
22), a large prospective cohort study among a working
population, were used. Data from about 1800 blue-col-
lar and white-collar workers were collected between
March 1994 and March 1997. At baseline, a question-
naire on individual factors, musculoskeletal symptoms,
and physical and psychosocial load at work and during
leisure time had to be filled out (24–28). Physical load
at the workplace was observed using video-recordings.
Physical capacity was measured using different tests of
isokinetic lifting strength, static endurance of the back,
neck and shoulder muscles, and mobility of the lumbar
spine. Follow-up questionnaires were sent out three
times annually.

Study population
Of the workers who were invited to participate in
SMASH, 1789 (87%) filled out the baseline question-
naire. For the analyses of this study, employees were
excluded if they had worked less than 1 year in their
current job (N=40), worked less than 20 hours per week
(N=37), were receiving sickness benefits or a perma-
nent disability pension (N=36), or had a second job
(N=98). Furthermore, employees without longitudinal

data on low-back, neck, or shoulder pain were exclud-
ed (N=107, N=105, and N=108, respectively). Finally,
employees with missing data on the physical capacity
measures in combination with the physical work-relat-
ed measures were excluded (N=38, N=12, and N=13 for
low-back, neck, and shoulder pain, respectively). The
result was a dataset of 1291, 1233, and 1227 for the
analyses of workers on low-back, neck, and shoulder
pain, respectively.

Almost 70% of the workers was male; the mean age
was 35 years. The employees worked 38 hours a week
on the average and worked 9 years on the average in
their current job. Almost 70% of the workers had a blue-
collar or caring profession, and around 30% had a white-
collar job.

Low-back, neck and shoulder pain
Low-back, neck, and shoulder pain were self-reported,
using an adapted Dutch version of the Nordic Question-
naire (24). In the baseline and the three follow-up ques-
tionnaires, which were sent out once every year, work-
ers were asked if they had low-back, neck, or shoulder
pain in the past 12 months. We defined the occurrence
of low-back, neck, or shoulder pain if a pain-free epi-
sode (“no” or “sometimes” pain) was followed by an
episode with pain (“regular” or “prolonged” pain).

Assessment of exposure to work-related physical
factors
Exposure to work-related physical factors at baseline
was assessed using video-recordings, as well as self-re-
ports. For about half of the workers, four video-record-
ings of 10 or 14 minutes were taken randomly during a
day. The workers were subdivided into groups with sim-
ilar tasks. In each of these groups, about half of the vid-
eotapes was observed by trained research assistants.
These videotapes were analyzed for posture, movement,
and force exertion. The exposure to work-related phys-
ical factors in the analyzed group was assigned to all of
the workers with similar tasks.

Assessment of physical capacity

Physical capacity was measured at baseline. Before the
tests of physical capacity, the employees were asked for
contraindications that might involve a health risk or that
might affect the results of the tests. Localized muscu-
loskeletal discomfort (LMD) was assessed for a rating
of the perceived feelings of discomfort (pain, fatigue,
tremor, etc) in any part of the body, ranging from no
discomfort (zero) to worst imaginable discomfort (ten)
(29). The workers who reported an LMD score of four
points or higher in the matching body region were ex-
cluded from the tests. In addition, those who reported
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cardiovascular diseases, fever, or pregnancy were ex-
cluded.

Isokinetic lifting strength of the back muscles and
the neck–shoulder muscles was measured using an Aris-
tokin dynamometer (Lode BV Medical Technology,
Groningen, Netherlands). The workers were asked to lift
a box isokinetically from the floor to hip level for the
trunk muscles and from the hip to shoulder level for the
neck–shoulder muscles. Static endurance of the back
extensors was measured using the Biering-Sørensen test
(9). The test was terminated when the workers reached
an LMD score of five for the back region, a score of
seven for another part of the body, or when 4 minutes
were completed. Static endurance of the neck extensors
was measured using a helmet of 5 kilograms for the men
and 2.5 kilograms for the women. The workers had to
keep their head flexed at 45 degrees in a sitting pos-
ture. For the measurement of the static endurance of the
shoulder elevators, the workers had to keep their arms
elevated at 90 degrees in a sitting posture, while carry-
ing a load of 2.5 kilograms for the men and 1.5 kilo-
grams for the women. The tests for the neck and shoul-
ders were terminated at an LMD score of five for the
neck–shoulder region or a score of seven for another
part of the body or after 7 minutes. Lumbar flexion was
measured by the Schöber test (30). Rotation of the spine
was measured by the difference in the distance between
the incisura jugularis and the L5 disc in a posture of
maximum rotation and in the neutral posture (12).

Imbalance between physical capacity and exposure to
work-related physical factors

The work-related physical capacity measures and expo-
sure variables were combined to define the balance and
imbalance groups. Isokinetic lifting strength was com-
bined with the number of lifts during an 8-hour work-
day. Furthermore, either static endurance or mobility of
the spine was combined with the worktime in a specific

posture. Due to the absence of a biological cut-off point,
“imbalance” was defined as lower than the median score
of physical capacity and higher than the median score
of physical exposure. “High balance” was defined as
both high capacity and high exposure, and “low bal-
ance” was defined as both low capacity and low expo-
sure. The workers with high capacity and low exposure
were considered to be the reference group.

Data analyses

We estimated univariate and multivariate relative risks
(RR) and 95% confidence intervals (95% CI) for both
balance groups and the imbalance group with respect to
the reference group. Data were analyzed using Poisson
generalized estimation equations (GEE) (Stata version
7.0, Stata Corporation, College Station, TX, USA).

In the multivariate analyses, gender and age were
selected as confounders related to low-back, neck or
shoulder pain a priori. Furthermore, the follow-up time
was selected beforehand to adjust for the fact that the
association between imbalance at baseline and muscu-
loskeletal symptoms during the follow-up could be
stronger after 1 year than after 2 or 3 years. All other
potential confounding factors were analyzed separate-
ly. Potential confounders were measured at baseline,
including body height, body mass index, years of em-
ployment, number of workhours per week, education,
previous low-back, neck or shoulder pain, co-morbidi-
ty regarding other musculoskeletal symptoms at base-
line and during follow-up, self-reported general health
status, self-reported physical fitness, exposure to work-
related psychosocial risk factors (27), physical load dur-
ing leisure time (25, 31), coping style (28), and expo-
sure to life events.

All of the potential confounding factors were added
as time-independent variables to the models, except for
co-morbidity regarding other musculoskeletal symp-
toms, which was added as a time-dependent variable. If

Table 1. Characteristics of the study population in 1994–1997. (M = median, R = range)

Occurrence of musculoskeletal Baseline exposure to work-related
symptoms during follow-up a

Follow-up Follow-up Follow-up ≥25-kg lifts ≥10-kg lifts Worktime Worktime Worktime Worktime
1 2 3 during an during an with the with the with the with the

(%) (%) (%) 8-hour 8-hour trunk in ≥30- trunk in ≥90- trunk in ≥30- neck in ≥20-
workday workday degree flexion degree flexion degree rotation degree flex-

(N) (N) (%) (%) (%) ion (%)

M R M R M R M R M R M R

Low-back pain 8.9 10.7 6.8 0 0–172 8 0–1401 5 0–60 0 0–15 3 0–32 · ··
(N=1291)
Neck pain 5.8 6.8 3.7 · ·· 8 0–1401 · ·· · ·· · ·· 35 0–79
(N=1233)
Shoulder pain 6.8 3.7 5.7 · ·· 8 0–1401 · ·· · ·· · ·· · ··
(N=1227)

a A pain-free episode (“no” or “sometimes” pain in the past 12 months) was followed by an episode with pain (“regular” or “prolonged” pain in the past 12 months).
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the crude beta coefficients changed at least 10% by add-
ing, the confounder was included in the final multivari-
ate models. However, some of these confounders were
excluded because of mutual dependency (Spearman cor-
relation coefficients ≥0.5 or ≤–0.5). Finally, interaction
terms with age and gender were added to the GEE mod-
els to investigate the extent to which the relationships
were modified by these variables.

Results

Characteristics of the study population

The 12-month baseline prevalence rates for regular or
prolonged low-back, neck, and shoulder pain among the
workers were 31%, 22%, and 9%, respectively. The oc-
currences of an episode of regular or prolonged muscu-
loskeletal pain during the follow-up, after no or some-
time pain in the previous year, varied between 7% and
11% for low-back pain, between 4% and 7% for neck
pain, and between 6% and 7% for shoulder pain (see
table 1).

Table 1 also presents the median and range of phys-
ical capacity and the exposure to work-related physical
factors for the study population. For the number of lifts
of ≥25 kilograms during an 8-hour workday, the work-
time with the trunk in ≥90 degree flexion or ≥90 degree
upper-arm elevation, and the worktime carrying out re-
peated movements, the median was zero, which means
that fewer than half of the workers were exposed to
these work-related factors.

Low-back pain

Table 2 shows the results of the univariate and multi-
variate GEE analyses of the association between com-
bined measures of physical capacity and exposure to
work-related physical factors and the risk of low-back

Table 2. Univariate and multivariate relative risks (RR) and
95% confidence intervals (95% CI) of the association between
combined measures of physical capacity and exposure to work-
related physical factors and low-back pain in 1994–1997 in the
longitudinal study on musculoskeletal disorders, absenteeism,
stress, and health (SMASH) (N=1291).

Cut-off at median physical capacity and
median physical exposure a

Crude 95% CI Adjusted 95% CI
RR b for the RR for the

crude RR adjusted RR

Isokinetic lifting strength (N) & lifting ≥25 kg at work
Reference group 1.00 · 1.00c ·
High-balance group 1.19 0.94–1.52 1.17 0.92–1.49
Low-balance group 1.21 1.01–1.44 1.22 0.99–1.49
Imbalance group 1.15 0.92–1.44 1.16 0.92–1.45

Isokinetic lifting strength (N) & lifting ≥10 kg at work
Reference group 1.00 · 1.00c ·
High-balance group 1.06 0.85–1.32 1.04 0.83–1.30
Low-balance group 1.20 0.97–1.49 1.22 0.96–1.54
Imbalance group 1.14 0.92–1.41 1.14 0.92–1.42

Static endurance & trunk flexion ≥30 degrees at work
Reference group 1.00 · 1.00c ·
High-balance group 0.98 0.78–1.23 0.99 0.78–1.24
Low-balance group 1.30 1.05–1.61 1.29 1.04–1.59
Imbalance group 1.32 1.06–1.64 1.35 1.08–1.68

Maximum flexion of the spine & trunk flexion ≥90 degrees at work

Reference group 1.00 · 1.00c ·
High-balance group 0.96 0.78–1.17 0.95 0.77–1.16
Low-balance group 1.01 0.84–1.22 1.01 0.83–1.21
Imbalance group 1.09 0.91–1.31 1.09 0.91–1.31

Maximum rotation of the spine & trunk rotation ≥30 degrees at work

Reference group 1.00 · 1.00d ·
High-balance group 1.00 0.82–1.22 0.97 0.76–1.26
Low-balance group 1.11 0.91–1.35 0.93 0.71–1.23
Imbalance group 1.25 1.03–1.51 1.19 0.93–1.52

a High balance was defined as higher than median physical capacity com-
bined with higher than median physical exposure; low balance was de-
fined as lower than median physical exposure combined with lower than
median physical capacity; imbalance was defined as lower than median
physical capacity combined with higher than median physical exposure;
and the reference was defined as higher than median physical capacity
combined with lower than median physical exposure.

b Adjusted for follow-up time.
c Adjusted for follow-up time, gender, and age.
d Adjusted for follow-up time, gender, age, isokinetic lifting strength, and

number of years of sports participation in the past.

Combined measures
of physical capacity
and exposure to
work-related
physical factors

physical factors Baseline physical capacity

Worktime with Worktime with Worktime Static endu- Static endu- Static endu- Flexion of Rotation 
≥30-degree ≥90-degree carrying out rance of rance of the rance of the the spine of the
upper-arm upper-arm repeated the back neck muscles shoulder (cm) spine
elevation elevation movements muscels (seconds) muscles (cm)

(%) (%) (%) (seconds) (seconds)

M R M R M R M R M R M R M R M R M R M R

· ·· · ·· · ·· 474 39–1358 · ·· 90 5–240 · ·· · ·· 7.0 0.5–10.0 5.5 1.4–12.8

· ·· · ·· · ·· · ·· 208 15–563 · ·· 280 7–420 · ·· · ·· · ··

36 8–87 0 0–43 0 0–92 · ·· 208 15–563 · ·· · ·· 253 27–420 · ·· · ··

Isokinetic lifting-strength

Back muscles Neck-shoulder
(N) muscles (N)
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Table 3. Univariate and multivariate relative risks (RR) and
95% confidence intervals (95% CI) of the association between
combined measures of physical capacity and exposure to work-
related physical factors and neck pain in 1994–1997 in the longi-
tudinal study on musculoskeletal disorders, absenteeism, stress,
and health (SMASH) (N=1233).

Cut-off at median physical capacity
and median physical exposure a

Crude 95% CI Adjusted 95% CI
RR b for the RR for the

crude RR adjusted RR

Isokinetic lifting strength (N) & lifting ≥10 kg at work

Reference group 1.00 · 1.00c ·
High-balance group 0.76 0.54–1.08 1.00 0.72–1.40
Low-balance group 1.99 1.51–2.62 1.35 1.03–1.79
Imbalance group 1.31 0.96–1.78 1.20 0.88–1.62

Static endurance & neck flexion ≥20 degrees at work

Reference group 1.00 · 1.00d ·
High-balance group 1.38 1.00–1.89 1.11 0.78–1.57
Low-balance group 1.32 0.94–1.85 0.96 0.65–1.42
Imbalance group 2.07 1.53–2.79 1.36 0.96–1.91

a High balance was defined as higher than median physical capacity com-
bined with higher than median physical exposure; low balance was de-
fined as lower than median physical exposure combined with lower than
median physical capacity; imbalance was defined as lower than median
physical capacity combined with higher than median physical exposure;
and the reference was defined as higher than median physical capacity
combined with lower than median physical exposure.

b Adjusted for follow-up time.
c Adjusted for follow-up time, gender, age, length, education, and previ-

ous neck pain.
d Adjusted for follow-up time, gender, age, co-morbidity of low-back or

shoulder pain, previous neck pain, isokinetic lifting strength of the neck–
shoulder muscles, and number of years of sports participation in the
past.

Combined measures
of physical capacity
and exposure to
work-related
physical factors

pain. Low balance between isokinetic lifting strength
and exposure to lifting at work was borderline signifi-
cantly associated with low-back pain (RR 1.22). Further-
more, imbalance or low balance between static endur-
ance of the back muscles and flexion at work was asso-
ciated with low-back pain (RR 1.29 and 1.35, respec-
tively). For the other imbalance or low balance combi-
nations, no associations were found with low-back pain,
or for any of the high balance combinations.

Neck pain
Table 3 shows the results of two combined measures for
neck pain. The workers who had low isokinetic lifting
strength and did not often have to lift at work had an
increased risk of neck pain (RR 1.35). Imbalance be-
tween static endurance of the neck muscles and flexion
of the neck at work was associated with a borderline sig-
nificantly increased risk of neck pain (RR 1.36).

Shoulder pain
The results of the univariate analyses showed increased
risks of shoulder pain for most of the combined meas-
ures, but, after adjustment for confounders, no associa-
tion remained (see table 4).

Table 4. Univariate and multivariate relative risks (RR) and
95% confidence intervals (95% CI) of the association between
combined measures of physical capacity and exposure to work-
related physical factors and shoulder pain in 1994–1997 in the
longitudinal study on musculoskeletal disorders, absenteeism,
stress, and health (SMASH) (N=1227).

Cut-off at median physical capacity
and median physical exposure a

Crude 95% CI Adjusted 95% CI
RR b for the RR for the

crude RR adjusted RR

Isokinetic lifting strength (N) & lifting ≥10 kg at work

Reference group 1.00 · 1.00c ·
High-balance group 0.86 0.63–1.17 0.71 0.48–1.06
Low-balance group 1.73 1.31–2.27 1.09 0.71–1.65
Imbalance group 1.38 1.04–1.84 0.76 0.51–1.13

Isokinetic lifting strength (N) & upper-arm elevation
≥30 degrees at work

Reference group 1.00 · 1.00d ·
High-balance group 0.93 0.68–1.27 0.80 0.60–1.07
Low-balance group 1.53 1.16–2.02 0.90 0.67–1.22
Imbalance group 1.75 1.34–2.30 1.08 0.82–1.43

Isokinetic lifting strength (N) & upper-arm elevation
≥90 degrees at work

Reference group 1.00  · 1.00e ·
High-balance group 0.84 0.62–1.15 0.71 0.49–1.02
Low-balance group 1.65 1.25–2.17 1.02 0.71–1.46
Imbalance group 1.48 1.12–1.94 0.94 0.66–1.34

Static endurance & upper-arm elevation ≥30 degrees at work

Reference group 1.00  · 1.00f ·
High-balance group 1.06 0.79–1.40 1.00 0.78–1.29
Low-balance group 1.38 1.05–1.80 1.08 0.85–1.37
Imbalance group 1.29 0.99–1.69 1.06 0.84–1.34

Static endurance & upper-arm elevation ≥90 degrees at work

Reference group 1.00 · 1.00g ·
High-balance group 0.86 0.51–0.91 0.75 0.52–1.08
Low-balance group 1.14 0.88–1.48 0.91 0.66–1.23
Imbalance group 1.08 0.84–1.39 0.93 0.68–1.25

Static endurance & repeated movements at work

Reference group 1.00 · 1.00h ·
High-balance group 1.02 0.75–1.38 0.93 0.65–1.32
Low-balance group 1.27 1.01–1.60 0.98 0.73–1.33
Imbalance group 1.38 1.03–1.84 0.94 0.67–1.31

a  High balance was defined as higher than median physical capacity com-
bined with higher than median physical exposure; low balance was de-
fined as lower than median physical exposure combined with lower than
median physical capacity; imbalance was defined as lower than median
physical capacity combined with higher than median physical exposure;
and the reference was defined as higher than median physical capacity
combined with lower than median physical exposure.

b Adjusted for follow-up time.
c Adjusted for follow-up time, gender, age, length, workhours per week,

working with the arms above shoulder level, number of years of sports
participation in the past, and decision authority.

d Adjusted for follow-up time, gender, age, and co-morbidity of low-back
or neck pain.

e Adjusted for follow-up time, gender, age, length, workhours per week,
co-morbidity of low-back or neck pain, and number of years of sports
participation in the past.

f Adjusted for follow-up time, gender, age, and co-morbidity of low-back
or neck pain.

g Adjusted for follow-up time, gender, age, co-morbidity of low-back or
neck pain, isokinetic lifting strength, and number of years of sports
participation in the past.

h Adjusted for follow-up time, gender, age, length, co-morbidity of low-
back or neck pain, isokinetic lifting strength, number of years of sports
participation in the past, and decision authority.

Combined measures
of physical capacity
and exposure to
work-related
physical factors
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exposure) were often higher than those for the imbal-
ance combinations. Finally, our results suggested that
low balance may be a more important risk factor for
musculoskeletal symptoms than high balance (ie, high
capacity in combination with high exposure).

More specifically, for both the neck and the low-
back, imbalance between static endurance and exposure
to flexion was a risk factor for pain, and low balance
was a risk factor for low-back pain. Low balance be-
tween isokinetic lifting strength and exposure to lifting
at work was a risk factor for low-back, and neck pain.
For all other balance and imbalance combinations, no
associations with musculoskeletal symptoms were
found. The analyses stratified for gender yielded incon-
sistent results.

Comparison with former research

As far as we know, no previous study combined physi-
cal capacity measures with exposure to work-related
physical factors as risk factors of future musculoskele-
tal symptoms among healthy workers.  However, in
studies with functional capacity evaluations, physical
capacity was found to be related to specific job demands
(23, 32). Harbin & Olsen (23) found that job lifting re-
quirements in association with lifting ability correlates
with work injury incidence (ie, any musculoskeletal
work-related incident that resulted in absence).

The results of our study can be compared with the
results of previous studies on exposure to work-related
physical factors (21, 22) and those on physical capacity
(12) using SMASH data. However, different statistical
analysis techniques, different cut-off points, and differ-
ent selections of the study population were used. In our
present study, we found that, for both the low-back and
the neck, imbalance between static endurance and ex-
posure to flexion was a risk factor for pain.This finding
was consistent with those of previous studies, in which
both working in flexion (21, 22) and with low static en-
durance (12) have been found to be risk factors on their
own. Furthermore, our results regarding low balance
between isokinetic lifting strength and lifting at work
as a risk factor for low-back and neck pain were partly
consistent with previous results. Low isokinetic lifting
strength was not found to be a risk factor for low-back
pain (12). Overall, these findings support our hypothe-
sis that an imbalance between physical capacity and
exposure to physical factors may be a more important
predictor of low-back or neck pain than the effects of
each of these variables on its own.

Methodological considerations

The strengths of our study were the large study popula-
tion and the prospective cohort study design with a

Interaction with gender and age

We included interaction terms with age and gender into
the multivariate GEE models to investigate the extent
to which the relationships were modified by these vari-
ables. Statistically significant interaction effects (P-val-
ue ≤0.10) with gender were found for some of the var-
iables, but only one interaction effect with age was found.

For low-back pain, interaction effects were found for
low balance and imbalance between isokinetic lifting
strength and lifting at work, with an increased risk
among men [adjusted RR varying between 1.25 (95%
CI 0.97–1.62) and 1.41 (95% CI 1.04–1.91)], but no ef-
fect among women [adjusted RR varying between 0.80
(95% CI 0.55–1.18) and 0.89 (95% CI 0.64–1.24)]. Fur-
thermore, an interaction effect was found for high bal-
ance or imbalance between static endurance and flex-
ion at work with a borderline significantly increased risk
for imbalance among the men (RR 1.22, 95% CI 0.98–
1.53) and no effect among the women (RR 0.84,
95% CI 0.61–1.16).

For neck pain, an interaction effect was found for
high balance between isokinetic lifting strength and lift-
ing at work with a nonstatistically significant effect
among the women (RR 4.03, 95% CI 0.83–19.49), but
no effect among the men (RR 0.92, 95% CI 0.66–1.29).
For this combined measure, no effect was found for the
whole population.

For shoulder pain, an interaction effect was found
for low balance between static endurance and repeated
movements at work with a nonstatistically significant
effect among the women (RR 1.46, 95% CI 0.60–3.57),
but no effect was found among the men (RR 0.67, 95% CI
0.41–1.10). Furthermore, a negative interaction effect
was found for age, and, therefore, the effect was weak-
er for the workers with a higher age. For this combined
measure, no effect was found for the whole population.

Discussion

Main results

Our study reports on the risk of low-back, neck, or
shoulder pain for workers who are in balance or imbal-
ance with regard to physical capacity and exposure to
work-related physical factors. For low-back and neck
pain, the results of our study partly supported our hy-
pothesis that an imbalance between physical capacity
and exposure to work-related physical factors would
lead to an increased risk. However, our hypothesis that
imbalance would yield a higher risk than low or high
balance was not supported, because we found that the
risks of musculoskeletal symptoms for the low balance
combinations (ie, low capacity in combination with low
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follow-up of 3 years. Furthermore, both physical capac-
ity and exposure to work-related physical factors were
assessed in an appropriate way. For exposure to physi-
cal factors, we only used data obtained from observa-
tions from video-recordings. Physical capacity was
measured using physical tests with satisfactory clinimet-
ric characteristics. Self-reports of musculoskeletal
symptoms were assessed three times during the follow-
up.

However, some limitations can be mentioned with
regard to this study. First, we decided to use median
physical capacity and median physical exposure as cut-
off points to define imbalance because biological cut-
off points were not available, except for the Schöber test
(33). This was an arbitrary choice. To investigate the
effect of the cut-off points, we performed additional
analyses for more extreme groups. Imbalance was de-
fined as the lowest 30% of capacity combined with the
highest 30% of exposure, high balance as the highest
30% of capacity and the highest 30% of exposure, and
low balance as the lowest 30% of capacity and the low-
est 30% of exposure. For neck pain, this division gen-
erally led to a slight increase in the strength of effects,
especially for the imbalance and low balance groups.
However, for low-back and shoulder pain, no differenc-
es were found.

Second, we assumed that the association between
imbalance at baseline and the risk of low-back, neck,
or shoulder pain would be stronger after 1 year than af-
ter 2 or 3 years of follow-up. Therefore, follow-up time
was included in the analyses as a potential confounder.
In addition, to examine whether our assumption was cor-
rect, we carried out univariate analyses and included the
interaction term with follow-up time. A statistically sig-
nificant negative interaction effect was found only for
two combined measures. Therefore, it could be conclud-
ed that the relation between imbalance and the risk of
musculoskeletal symptoms did not change substantially
during the follow-up of 3 years.

Third, the effects could have been influenced by
measurement errors of the physical tests.

Test-retest reliability and inter-rater reliability were
investigated in four pilot studies among healthy people
(15 students and 18 workers). Two physiotherapists car-
ried out the tests of physical capacity twice with an in-
terval of 1 week between the two. The average results
of these pilot studies showed high test-retest reliability
(Pearson correlation coefficient of more than 0.75 and
P-value of the paired t-test of more than 0.40) but mod-
erate inter-rater reliability (Pearson correlation coeffi-
cient between 0.50 and 0.75 and P-value of the paired
t-test between 0.10 and 0.40) for the isokinetic neck–
shoulder lifting test and the back endurance test. The
test-retest reliability and inter-rater reliability were mod-
erate for the other tests of physical capacity. Therefore,

nondifferential misclassification could not completely
be excluded from our study in that it might have led to
an underestimation of the real effect.

Finally, it should be kept in mind that, within work-
ers, the degree of imbalance or balance between physi-
cal capacity and physical exposure can be considered
to be dynamic (34) (ie, high physical exposure could
lead to an increase in physical capacity) due to a train-
ing effect. It is plausible that there will be an optimum
in this relationship, because prolonged exposure to
physical factors could lead to tissue damage, which
could result in decreased physical capacity (35).

Concluding remarks

In general, the results of this study suggest that imbal-
ance between static endurance of the back or neck mus-
cles and exposure to flexed postures of these body parts
is a risk factor for low-back and neck pain, respective-
ly. Furthermore,  low balance between isokinetic lift-
ing strength and lifting at work was found to be a risk
factor for low-back and neck pain. No other balance or
imbalance combinations were found to be risk factors
of musculoskeletal symptoms.

For several combined measures, imbalance and low
balance were found to be a risk factor for musculoskel-
etal symptoms, but high balance was not found to be a
risk factor. The results need to be confirmed by other
studies focusing on the imbalance between physical ca-
pacity and exposure.
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