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Social support modifies association between forward bending of the trunk
and low-back pain: Cross-sectional field study of blue-collar workers

Morten Villumsen, MSc," 2 Andreas Holtermann, PhD,2 3 Afshin Samani, PhD," Pascal Madeleine, DSc,’

Marie Birk Jorgensen, PhD?

Villumsen M, Holtermann A, Samani A, Madeleine P, Jargensen MB. Social support modifies association between
forward bending of the trunk and low-back pain: Cross-sectional field study of blue-collar workers. Scand J Work
Environ Health. 2016;42(2):125-134. doi:10.5271/sjweh.3549

Objectives This study aimed to investigate the association between forward bending of the trunk and low-
back pain intensity (LBPi) among blue-collar workers in Denmark as well as whether the level of social support
modifies the association.

Methods In total, 457 workers were included in the study. The forward bending of >30° was computed from
accelerometer recordings for several consecutive days during work, categorized into long (highest tertile) and
short—moderate (remaining tertiles) duration. LBPi was measured on a 0-10 scale and categorized into low
(<5) and high (>5) pain. Self-reported social support was categorized into low, moderate, and high levels.
Multi-adjusted logistic regressions estimated the association between forward bending and LBPi and the effect
modification by social support.

Results Forward bending and LBPi were not significantly associated but modified by social support. Workers
with low social support and long duration of forward bending had higher likelihood of high LBPi [odds ratio
(OR) 2.97, 95% confidence interval (95% CI) 1.11-7.95] compared to workers with high social support and long
duration of forward bending. Among workers with low social support, workers with long duration of forward
bending had higher likelihood of high LBPi (OR 3.28, 95% CI 0.99-10.90) compared to workers with short—
moderate duration of forward bending. Among workers with high social support, workers with long duration of
forward bending had reduced likelihood of high LBPi (OR 0.39, 95% CI 0.16—0.95) compared to workers with
short-moderate duration of forward bending.

Conclusions Social support modifies the association between objectively measured forward bending and LBPi
among blue-collar workers.

Key terms accelerometry; body posture; diurnal measurement; inclination; musculoskeletal disorder; occupa-

tional physical activity; physical activity; physical demand; risk assessment; workload.

Low-back pain (LBP) is a major global health problem
(1) with a lifetime prevalence in developed countries of
75-84% (2). Furthermore, LBP in the working popula-
tion constitutes a major cause of absenteeism in Western
countries (3, 4) with serious implications for the indi-
vidual, workplaces, and society (2, 5, 6). The origin of
back pain is multifactorial (7), but LBP is a very impor-
tant estimate of sickness absence (8), indicating that the
individual worker’s perception of pain is an important

element with respect to the consequence for sickness
absence, regardless of the underlying pathology. LBP
has also been shown to be occupationally related and
therefore substantial efforts have been made to identify
risk factors for LBP, particularly among blue-collars
workers (9, 10) where the risk of sickness absence from
LBP is higher (8).

One of the suggested significant work-related risk
factors for LBP is forward bending of the trunk (11), and
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Murtezani et al (8) found trunk flexion among production
workers to be one of the main risk factors for sickness
absence due to LBP. Forward bending introduces cumula-
tive doses of biomechanical loading of the spine and back
muscles, which may induce wear and tear on the muscles
and ligaments, leading to LBP (12—14). However, studies
on the association between forward bending of the trunk
and LBP show conflicting results (11). One reason for
the conflicting results can be differences in methodology
used to measure forward bending of the trunk (15). The
majority of studies investigating the association between
forward bending of the trunk and LBP (11) have been
criticized for using self-reported measures (16, 17) or the
short window of observations (18-21). Therefore, valid
objective measurements using accelerometers are prefer-
able due to higher precision (22) and possibility for longer
measurement periods (23).

We recently reported that blue-collar workers with
long duration of objectively measured forward bending
of the trunk did not have higher likelihood of high LBP
intensity (LBPi) compared to workers with short-mod-
erate duration of forward bending among 198 blue-collar
workers in Denmark (23). On the contrary, we observed
that workers having short—-moderate duration of forward
bending had tendencies towards increased likelihood of
high LBPi compared to workers with long duration of
forward bending during work. The reasoning for this
observed tendency could be: (i) workers with high LBPi
are likely to eschew forward bending due to discomfort
or pain, representing fear avoidance behavior (24, 25);
(i1) workplaces or work teams may adjust the strenuous
work tasks based on LBPi of the worker (26); or (iii)
the healthy worker effect, increasing the risk of workers
with a combination of a work implying long duration of
forward bending and high LBPi to withdraw from the
labor market (23).

With respect to reasoning (ii), high social support
from colleagues and management has been shown to be
an important aspect in relation to work-related health
(27). In Denmark, a rather comprehensive focus on
working conditions makes it plausible that social support
for workers influences the allocation of strenuous work
task among the workers. If that is the case, the worker’s
ability to influence how forward bending of the trunk is
performed may be lower among workers with low social
support compared to those with high social support,
irrespective of the total duration of forward bending. In
this study, we therefore hypothesized that social support
would modify the association between forward bending
of the trunk and LBPi (23, 28), see figure 1.

The aims of this study were to investigate the asso-
ciation between forward bending of the trunk and LBPi
among blue-collar workers in Denmark, and assess
whether the level of social support modifies the associa-
tion between forward bending of the trunk and LBPi.
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| Age, gender, smoking, BMI, seniority, lifting at |
1 work, forward bending during leisure !

Exposure:
Forward bending of the
trunk during work

3 Outcome:

T Low back pain intensity
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Social support (low, moderate, high)

Figure 1. lllustration of the hypothesis that social support modifies
the association between forward bending of the trunk during work and
low-back pain intensity. [BMI=body mass index.]

Methods

Study population and protocol

This study is based on baseline data from the field study
called Danish Physical Activity Cohort with Objective
Measurements (DPhacto) (29). For demographic infor-
mation of the study population, see tables 1, 2 and 3. All
companies gave consent for their employees to partici-
pate during working time. All workers from the included
companies were given information of the aim, form, and
content of the study at a pre-information meeting and
invited to participate in the study voluntarily. Workers
willing to participate gave their signed informed con-
sent to measurements of anthropometric and objective
diurnal measurements using accelerometers as well as
completion of a questionnaire (see below). All blue-
collar workers aged 18—65 were eligible for inclusion.
Criteria of exclusion were plaster allergy, fever, or
pregnancy. Workers with status as trainees, apprentices
or canteen employees were also excluded. An overview
of the flow of participants is shown in figure 2.

Data collection was conducted from December 2011
to March 2013. The Danish Data Protection Agency has
accepted the handling and storage of data (29). The local
Ethics Committee (H-2-2012-011) approved the study,
which was conducted in accordance with the Declara-
tion of Helsinki. The reporting of the study follows the
Strengthening the Reporting of Observational studies in
Epidemiology (STROBE statement) (30).

Objective measurements of types of physical activity
and body positions

For measures of upper- and lower-body positions and
movements, two tri-axial accelerometers (ActiGraph
GT3X+, ActiGraph LLC, Pensacola, FL, USA) were
mounted with the x-axis pointing downwards and y-axis



and z-axis horizontally (31). The accelerometers are
small, wireless, light-weighted (19 grams) and enable
unobstructive recording of daily activities. The accel-
erometers were placed at the processus spinosus at the
level of T1-T2 and at the halfway mark on the vertical
line between spina illiaca anterior superior and the
patella (31). If the workers experienced itching influenc-
ing their sleep, discomfort, or felt the accelerometers
were interfering with their work, they were instructed
to remove them. The workers filled in a diary incorpo-
rating information about working hours, leisure hours,
sleep, non-wear time and specific time for the refer-
ence measurements (ie, upright stance for 15 seconds
while standing still in neutral position). A Matlab-based
program Acti4 (National Research Centre for the Work-
ing Environment, Copenhagen, Denmark and Federal
Institute for Occupational Safety and Health, Berlin,
Germany) was used to determine when the worker was
standing still or moving slightly defined as a standing
position, including small movement, without regular
walking (23, 31).

Within the included study population, all recordings
during non-working days, bedtime or sleep intervals
and non-wear periods for each individual were excluded
from the analysis. Non-wear periods were defined: (i) as
periods of >60 minutes without any detected accelera-
tions, (ii) as non-wear periods reported by the partici-
pant, and (iii) by visual inspection of the accelerometer
data (28). We scrutinized the observed data into activi-
ties during working and leisure time. We included days
with (i) >4 hours of recordings of working time or >75%
of average self-reported working time, and (ii) >4 hours
measured during leisure time or >75% of average self-
reported leisure time per day if the worker had >2 days
of recordings. Workers with only one day of recording
were included if this comprised (i) >4 hours of record-
ings of working time and >75% of average self-reported
working time, and (ii) >4 hours measured during leisure
time and >75% of average self-reported leisure time dur-
ing that specific day. This resulted in a population with
objective measurements of N=657.

Forward bending of the trunk while standing still or
moving slightly

Using the individual reference measurements obtained
at the beginning of the recordings, the duration (min-
utes/day) of forward bending in the frontal and sagittal
planes was computed with a cut-point of >30° from the
individual reference point (23, 32). This cut-point was
protocol-based on a previous study where different cut-
points on the association between forward bending and
LBPi were tested (23). Forward bending was divided
into two categories representing long (upper tertile of
the population with objective measurements) and short—

Villumsen et al

Blue-collar workers offered participation
(N=939)

I_V 30 did not participate

Blue-collar workers interested in participating
(N=909)

| > 5 did not answer to single LBP intensity item

Answered LBP intensity item
(N=904)

|— 170 were not available for objective
measurements

Attached objective measurement devices
(N=734)

I_.y 7 reported no working hours per day

Measured for at least one working day (i.e. >1 minute of
recordings of working time)
(N=727)

70 excluded due to unavailability of at least one
day including valid work and leisure periods

—>

Population with objective measurements

(N=657)
— 200 blue-collar workers were excluded due to
technical error on social support questionnaire
Study cohort
(N=457)
—» 83 blue-collar workers did not have complete

information on all confounding variables

Study cohort for fully adjusted analyses

(N=374)

Figure 2. Flow chart containing information about study procedure,
participation, inclusion, and exclusion criteria for the study population.

moderate (remaining tertiles of the population with objec-
tive measurements) duration of forward bending (23).
Working time was comprised of the time spent at work;
leisure time was comprised of the remaining time during
the working day, except when the workers were in bed
at night. In all statistical analyses, only forward bending
while standing or moving slightly was included to avoid
including forward bending while sitting or lying.

Low-back pain intensity

The workers were asked to rate the worst intensity of
LBP during the last three months on a numeric rating
scale from 0-10 anchored with 0: ‘no pain’ and 10:
‘worst imaginable pain’ (33). The LBPi was then divided
into two categories representing low (<5) and high (>5)
LBPi in line with previous studies (23,34). An additional
categorization with no LBP (score 0) and LBP (score
1-10) was also performed.

Potential confounders

The potential confounders in this study included indi-

Scand J Work Environ Health 2016, vol 42, no 2 121
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vidual risk factors: age, gender, smoking habits, and
body mass index (BMI) (35-37) as well as work-related
risk factors: social support as explained below (38—41)
and seniority in addition to lift burden at work (42).
Moreover, forward bending of the trunk during work
was adjusted for forward bending during leisure. Age
and gender were obtained and crosschecked with the
questionnaire. Seniority at the job and smoking habits
were obtained through the questionnaire. The BMI was
calculated using weight and height. The lift burden at
work was established using an inquiry about the typical
weight lifted at work (kg) times the duration of lifting
the burden (minutes). The typical lift burden was self-
reported through the question “During your workday,
what is the magnitude of the mass you typically are
carrying/lifting? (>1 kg and >5 minutes/day)?” and
then verified using dumbbells (1-5-10-15-30 kg).
The self-reported time with lifting during a workday
was also determined through the question “Total time
spent carrying/lifting this weight on a typical working
day (minutes/day)?” The lift burden variable was then
stratified using a median split of the population with
objective measurements.

Social support at work

Social support at work in general covers two items:
social support among colleagues and from supervisors
to employees (43), shown to be of importance for work-
related health, satisfaction, and sick leave (27). In this
study we used the Torp et al (27) approach, addressing
social support at work through two questions: “Is there
a good cooperation between the management and the
employees?” and “Is there good cooperation between
the colleagues at work?” (43, 44). Social support was
then coded into a scale ranged from 0-100, with 100
representing the highest degree of social support (45).
The social support scale was subsequently categorized
into tertiles indicating low, moderate, and high social
support. Concerning the questionnaire on social support,
data were not collected in the last three companies and
therefore handled as data not missing at random. The
final study population for the current study was thus 457
blue-collar workers, see figure 2.

Statistical analysis

The statistical analyses were conducted in accordance
with our earlier study (23), where short-moderate and
long duration of forward bending during work was
regressed on low and high LBPi using binary logis-
tic regressions in a crude model as well as in a fully
adjusted model with forced entry of covariates (ie,
age, gender, seniority, BMI, smoking, the lift burden
at work, social support and, forward bending during

128  Scand J Work Environ Health 2016, vol 42, no 2

leisure time). Further, additional similar analyses with
a categorization of no LBP (score 0) and LBP (score
1-10) were performed. To investigate if social support
was associated with the duration of forward bending and
LBPi, both Pearson’s Chi test on dichotomized variables
and one-way analyses of variance with the continuous
variables were conducted. Further, sensitivity analyses
were performed to test the robustness of the main analy-
ses: lower (ie, <4 on the 0—10 scale) and higher (ie, <6
on the 0—10 scale) cut-points for LBPi, as well as using
percentage of time spent forward bending during work.

Effect modification by social support

The recommendations for analyzing and presenting
effect modification by Knol and VanderWeele (46) were
followed to explore whether social support modified the
association between forward bending and LBPi. Binary
logistic regressions with forced entry of covariates were
performed for all six combined groups of forward bend-
ing and social support (ie, two categories of forward
bending x three categories of social support) on LBPi.
Moreover, odds ratios (OR) between forward bending
and LBPi within each stratum of social support were
analyzed. Finally, we tested for the interaction effect
between forward bending and social support on LBPi.
Further analyses for the effect modification were per-
formed with an additional categorization of LBPi of no
LBP (score 0) and LBP (score 1-10).

OR are presented with 95% confidence intervals
(95% CI). Statistical significance was considered at
P<0.05. All statistical analyses were conducted using the
Statistical Package for the Social Sciences (IBM Corpo-
ration SPSS statistics, Version 22.0, Armonk, NY, USA).

Results

On working days, the total measured hours of working
time used for the main analyses was 8932 and 10 374
hours for work and leisure time, respectively. For work
and leisure, the average recorded hours with acceler-
ometer measurements was 19.6 [standard deviation
(SD) 8.2] hours and 22.7 (SD 8.8) hours per worker,
respectively. The accelerometers were on average worn
for 2.6 (SD 1.0) working days. Fifty-four percent of the
workers wore the accelerometers for >3 consecutive
days (tables 1 and 2). Of the total population of work-
ers, the cleaning sector represented 28%, manufacturing
59% and transportation 13%. In the male population,
68% worked in manufacturing, 25% in transportation,
and 7% in the cleaning sector. Similarly, 50% of females
were employed in manufacturing, 49% in cleaning, and
1% in transportation. The mean BMI was 27.5 (SD 4.9)



Table 1. Descriptive characteristics of the blue-collar workers
stratified by low-back pain (LBP) intensity.

Variables LBP intensity
Low (<5) High (>5)

N Mean SD N Mean SD
Population 334 123
LBP intensity (0-10) 334 17 19 123 77 12
Frequency (no LBP, score 0) 146 0
Gender
Male 165 60
Female 169 63
Age (years) 334 457 8.9 123 46.7 94
Smokers 1002 36°

315 141 111 113 161 130
328 27.3 51 122 279 46

Seniority (months)

BMI (kg/m?)

Duration category of forward
bending of the trunk of >30°

Work
Short—-moderate 226 89
Long 108 34
Leisure
Short-moderate 217 77
Long 117 46
Lift burden at work
Low 167 66
High 133 45
Social Support
Low 79 33
Moderate 118 39
High 137 51

2100 out of 323 blue-collar workers.
> 36 out of 116 blue-collar workers.

Table 2. Descriptive characteristics of the blue-collar workers
stratified by the level of social support. [LBP=low-back pain.]

Variables Level of social support
Low Moderate High

N Mean SD N Mean SD N Mean SD
Population 112 157 188
LBP intensity (0-10) 112 3.5 3.1 157 34 3.1 188 3.2 33
Low (<5) 79 118 137
High (>5) 33 39 51
Gender
Male 56 81 88
Female 56 76 100
Age (years) 112 45.7 9.4 157 45.0 8.6 188 47.0 9.0
Smokers 392 44v 53¢
Seniority (months) 105 137 103 146 150 112 177 149 127
BMI (kg/m?) 111 272 49 155 275 52 184 276 47

Duration category of
forward bending of

the trunk of >30°
Work
Short-moderate 70 121 124
Long 42 36 64
Lift burden at work
Low 56 74 103
High 44 63 71

239 out of 108 blue-collar workers.
44 out of 153 blue-collar workers.
¢ 53 out of 178 blue-collar workers.

Villumsen et al

kg/m? and average age was 46.0 (SD 9.0) years, 31%
were smokers and 27% reported high LBPi.

The average daily duration of forward bending was
41 (SD 32) minutes during work and 33 (SD 19) minutes
during leisure time. The descriptive characteristics of
workers with high LBPi compared with workers having
low LBPi were similar (table 1). No significant associa-
tions between social support and the dichotomous vari-
able of LBPi or the continuous LBPi variable (F=0.33)
were observed. The descriptive characteristics did not
reveal any noticeable differences for workers having
long compared with short-moderate duration forward
bending during work (table 3). Neither the crude nor the
fully adjusted models showed any significant associa-
tions between forward bending during work and LBPi
(table 4). The additional analyses on the association
between forward bending and LBPi categorized into
no LBP (score 0) and LBP (score 1-10) overall showed
similar estimates as the main analyses (data not shown).

Furthermore, the sensitivity analyses using percent-
age of time spent forward bending during work showed
very similar associations with LBPi as observed in the
main analysis (data not shown). Accordingly, the sen-
sitivity analyses using different cut-points for low and
high LBPi (ie, <4 and <6 on the 0—10 scale) resulted in
very similar estimates as observed in the main analysis
(data not shown).

Effect modification by social support

Workers with low level of social support and long dura-
tion of forward bending had higher likelihood of high
LBPi (OR 2.97,95% CI 1.11-7.95) compared to work-
ers with high level of social support and long duration
of forward bending (table 5). Among workers with low
social support, workers with long duration of forward
bending had higher likelihood of high LBPi (OR 3.28,
95% CI 0.99-10.90) compared to workers with short—
moderate duration of forward bending. Within the stra-
tum of workers with high social support, workers with
long duration of forward bending during work showed
reduced likelihood of high LBPi (OR 0.39, 95% CI
0.16-0.95) compared to workers with short-moderate
duration of forward bending. The interaction analyses
showed a significant interaction between forward bend-
ing during work, social support, and LBPi.

The analyses for effect modification by social sup-
port using the categorization of LBPi into no LBP (score
0) and LBP (score 1-10) revealed a similar increased
OR for LBPi in the group with long duration of forward
bending and low level of social support (OR 3.35, 95%
CI 1.26-8.90) referencing the group with long forward
bending duration and high level of social support as
found for the main effect modification analyses.

Scand J Work Environ Health 2016, vol 42, no 2 129
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Discussion

This study showed no statistically significant association
between duration of forward bending of the trunk and
LBPi in this cohort based on objective measurements
among blue-collar workers. In line with our hypoth-
esis, social support modified the relationship between
forward bending of the trunk and LBPi. For example,
workers experiencing low social support and having
a long duration of forward bending during work were
almost three times as likely to have high LBPi, com-
pared to workers with high level of social support and
long duration of forward bending.

Table 3. Descriptive characteristics of the blue-collar workers
(N=457) stratified by short-moderate and long duration category
of >30° forward bending of the trunk while standing still or mov-
ing slightly during work. [SD=standard deviation.]

Variables Low-back pain intensity
Low (<5) High (>5)
N Mean SD N Mean SD

Population 315 142
Mean per day of forward bending of 315 26 12 142 76 36
the trunk (min)
Gender

Male 178 47

Female 137 95
Age (years) 315 454 8.7 142 473 95
Smokers 852 51°b
Seniority (months) 293 152 118 135 133 110
BMI (kg/m?) 310 279 4.9 140 26.6 5.0
Low back pain intensity (0-10)

Low (<5) 226 108

High (>5) 89 34
Lift burden at work

Low 146 87

High 136 42
Social Support

Low 70 42

Moderate 121 36

High 124 64

285 out of 301 blue-collar workers.
51 out of 138 blue-collar workers.

Table 4. Logistic regressions between duration of >30° of forward
bending of the trunk during work and high low-back pain inten-
sity (LBPi >5 on a scale from 0-10) among blue-collar workers.
[OR=0dds ratio; 95% Cl=95% confidence interval.]

Logistic
regressions

Duration category of >30° forward
bending of the trunk

Short-moderate Long
High LBPi
N OR 95% Cl OR 95% Cl
Crude 457 1.0 080 0.51-1.26
Fully adjusted 2~ 374 1.0 079  0.45-1.37

a Adjusted for age, gender, seniority, BMI, smoking, the lift burden at
work, social support as well as forward bending during leisure time.

130  Scand J Work Environ Health 2016, vol 42, no 2

Forward bending, low back pain, and social support

The lack of association between forward bending and
LBPi was evident both in the crude analyses and when
taking individual, lifestyle, and work-related risk factors
into account. The additional analyses on the association
between forward bending and LBPi categorized into
no LBP (score 0) and LBP (score 1-10) supported this
finding. This study therefore contradicts the general
assumption that forward bending is a major work-related
risk factor for LBP (11, 41). For example, a system-
atic review reported a moderate-to-strong relationship
between forward bending during work and severe LBP
(11), and forward bending for > 2 hours every day dur-
ing work was strongly associated with LBP in a recent
prospective study (47). However, a recent review from
the Swedish Council on Health Technology Assessment
pointed out that there are conflicting results regarding
the association between forward bending and LBP (28,
48). These conflicting results might be explained by the
different cut-points used to dichotomize LBPi. However,
the sensitivity analyses of our study using different cut-
points for low and high LBPi (ie, <4 and <6 on the 0-10
scale) showed overall similar estimates as for the main
analyses, as did applying the categorization of LBP into
no LBP (score 0) and LBP (score 1-10). However, future
studies should consider specifically investigating if there
are cut-points for the risk of LBP from both determinants
and effect modifiers. The cut-point of <5 and >5 of LBPi
was chosen in this study due to its clinical relevance in
workers’ risk for sickness absence (34).

The current study confirmed our previous findings,
that there is no cross-sectional association between for-
ward bending and LBPi among blue-collar workers in
Denmark (23). Using objective measurements, our studies
constitute an important contribution to the investigation
of the association between work-related forward bending
and LBPi because previous studies have mainly relied
on self-reported measures (11). Furthermore, this study
is — to our knowledge — among the first using long-term
objective measurements of forward bending during longer
time periods, circumventing drawbacks due to selected
time windows and short recording periods (18-21).

Another important finding of this study was the
observation that social support modified the association
between forward bending and LBPi. Workers with the
combination of long duration of forward bending and
low level of social support had almost three times higher
OR for high LBPi compared to workers with long dura-
tion of forward bending and high level of social support
(table 5). This finding remained in the additional analy-
ses using a different cut-point for LBPi [no LBP (score
0) versus LBP (score 1-10)].

A general concern of investigations of the psychoso-
cial work environment and LBP is common method bias
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Table 5. Effect modification of the duration of >30° forward bending of the trunk while standing still or moving slightly during work on
the level of low-back pain intensity (low LBPi <5 and high LBPi >5 on scale from 0-10) by social support (low, moderate and high) among
blue-collar workers. [OR=0dds ratio; 95% Cl=95% confidence interval.]

Duration category of >30° forward bending of the trunk

Long duration forward

bending within strata of

Short-moderate Long social support
LBPi LBPi LBPi
Level of social Low (N) High (N) OR? 95% Cl Low (N) High (N) OR? 95% Cl OR? 95% Cl
support
Low 48 12 1.08 0.42-2.79 20 14 297° 1.11-7.95 3.28° 0.99-10.90
Moderate 69 25 1.51 0.65-3.48 26 4 0.63 0.18-2.23 0.53 0.16-1.78
High 68 32 1.95 0.86-4.41 45 11 1.0 0.39°  0.16-0.95

2 0R adjusted for age, gender, seniority, BMI, smoking, the lift burden at work as well as forward bending during leisure time.

b Significant (P<0.05).

(49), in which the reporting rate of LBP is shown to be
affected by the psychosocial work environment, such as
low job satisfaction and other unsatisfactory aspects of
work (49). However, this concern does not seem to be
the case in this study because no significant associations
between social support and LBPi could be found.

Other plausible explanations for our findings may be
that social support from colleagues and managers can
influence the workers’ needs and resources in a manner
that facilitate tailoring of the work tasks to the pain state
of the worker (28). This may entail that the worker’s
influence on fow (but not how much) forward bending
is performed may be lower among workers with a low
level of social support compared to those with higher
levels of social support. For example, workers with
higher levels of social support may perform forward
bending in a manner inducing lower risk for LBP, such
as having fewer long lasting uninterrupted periods of
forward bending, taking breaks and rest to ensure res-
titution, and having a greater opportunity for variation
in work tasks, compared to workers with a low level
of social support. Future studies should explore the
potential mechanisms between forward bending of the
trunk and LBP, for example by using methods for inves-
tigating time patterns of trunk movement (eg, exposure
variation analyses) among workers with different levels
of social support (50).

Strengths and limitations

In this study we followed a data protocol based on our
previous study (23), but this time we introduced a large
sample size allowing for stratified and sub-population
analyses with a statistical power that enabled adjustment
for possible confounders and effect modification (29).
We have measured the duration of workers’ forward
bending over several days continuously during both
working and leisure hours, leaving other important
aspects of the mechanical exposure, such as range of
motion (51) and frequency of forward bending (52),
unaddressed. This entails that our findings must be inter-

preted with care. One method of studying the aspects of
range and frequency of ergonomic exposures like for-
ward bending of the trunk is exposure variation analysis
(EVA). EVA enables to capture the exposure variation
pattern of forward bending, containing information on
changes over time (53), including frequency (54), the
extent of the changes (55) as well as capturing unifor-
mity of exposure sequences (56). Implementing EVA is
out of the scope for this study, but it would be of interest
to implement in future studies. However, practitioners
working in the occupational safety and health field often
use indicators of amount of time forward bending during
work to estimate exposure and risk of LBP, and therefore
the impact of time duration as such is likely to be easily
applicable to practitioners work. Other important factors
to consider when assessing physical risk factors of LBP
are occupational pushing, pulling, lifting and twisting
(11, 57). Since these aspects can affect the associa-
tion between forward bending and LBP, we included
self-reports of occupational lift burden as confounding
variables in the analyses. Factors like muscle pain tend
to bias self-reported measures of physical work demands
(16, 17), since workers having pain can overestimate the
physical exposures, thus leading to erroneous interpreta-
tions of associations between physical exposure and pain
(23). However, obtaining valid diurnal objective mea-
sures of lifting and pulling for several consecutive days
in a cohort of this size is, to the authors’ knowledge,
not yet feasible, leaving only self-reported measures
available. It is a limitation of this study that we only use
objective measures of the duration of forward bending
of >30°. Further, we adjusted for the occupational lifting
burden using self-reported measures. The interpreta-
tions of our findings should be made in light of lacking
information regarding frequency and effect of the many
other exposure variables that relate to forward bending.

Finally, self-reported questions on psychosocial
work factors and health outcomes were used, which
can be considered a limitation. Subjective measures of
psychosocial factors at work increase the probability
of false positive findings, that is workers experiencing
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problems are more likely to report certain psychosocial
exposures than healthy workers (58). For example, if
a worker experiences a low level of social support at
work, this may induce a higher pain report compared
to workers experiencing high levels of social support.
This is a common source bias in cross-sectional studies
with self-reported health outcomes, introducing risk
of differential misclassification, and in this case an
over estimation of the true modifying effect of social
support. This is particularly an issue when measuring
exposures and outcomes simultaneously (59). However,
our data did not show any association between levels
of social support and reporting of LBPi.

Social support at work in this study covered two
aspects: social support among colleagues and from
supervisors to employees (43). A frequently used
questionnaire for addressing social support at work
from colleagues and supervisors is the second ver-
sion of the Copenhagen Psychosocial Questionnaire
(COPsOQ II) where several questions are used to
determine social support from supervisors as well as
colleagues (43). In this study, two questions were used
in agreement with Torp et al (27). Choosing solely
two questions to establish social support may impact
the accuracy and precision of the variable of social
support. However, due to the comprehensive amount
of questions in the DPhacto study [addressing several
issues such as sociodemographic measures, lifestyle
and health, musculoskeletal disorders, musculoskel-
etal pain-related sickness absence, productivity loss,
work ability as well as perceived physical exertion
during work (29)], a balance between precision of
the inquired variables and the response burden on the
participants was needed. Thus, this general trade-off
was an inevitable limitation (43) that we acknowl-
edge. Since the two applied questions do not provide
a comprehensive measure of social support, we sug-
gest future studies investigate the interactions between
forward bending, social support, and LBP by using
a full-scale questionnaire battery of social support.
Finally, one should note that due to the cross-sectional
study design, we cannot establish a causal relationship
between forward bending and LBPi. However, pro-
spective follow-up on frequent pain measures would
be of interest.

Concluding remarks

This study indicates that there is no cross-sectional asso-
ciation between forward bending and LBPi in a general
population of blue-collar workers in Denmark. However,
social support modified the association between objec-
tively measured forward bending and LBPi among blue-
collar workers. Workers with long duration of forward
bending during work and low social support were almost
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three times as likely to report high LBPi compared to
workers with long duration of forward bending and high
social support. Social support may therefore play a role
in the association between duration of forward bending
and LBP.
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