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Abstract

Background Physical overload at work has been described as a risk factor for the development of low back pain. However, few
studies have investigated the prognostic value of perceived physical overload at work in patients with chronic low back pain.
Objective To investigate the association of perceived physical overload at work with pain and disability over a period of
6 months in patients with chronic non-specific low back pain.

Methods Patients with chronic LBP seeking physiotherapy care were considered eligible. Clinical data collected were:
pain intensity, disability, fear of movement, depression and perceived physical overload at work. Linear regression analyses
were used to investigate the association of perceived physical workload at work at baseline with pain intensity and disability
at 6-month follow-up. The total score and the score for each category of the physical overload at work questionnaire were
analyzed separately.

Results Ninety-two patients with chronic low back pain were included in the analysis. The subcategories of the physical
overload questionnaire were not significantly associated with pain intensity at 6-month follow-up. However, age, disability
at baseline and perceived physical overload related to postures of the trunk (B=-0.60 95% CI —1.18 to —0.02) and related
to positions of the arms (B=2.72 95% CI 0.07 to 5.37) were significantly associated with disability at 6-month follow-up.
Conclusion Although perceived physical overload at work was not associated with pain intensity in patients with chronic
LBP at 6-month follow-up, we identified a significant association between perceived physical overload related to postures
of the trunk and positions of the arms with disability at 6-month follow-up.
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Key points Take Home Messages

Perceived physical overload at work was not associated with pain

1. Perceived physical overload at work were not associated with pain
intensity in patients with chronic LBP at 6-month follow-up. Py Wit P

intensity at 6-month follow-up in chronic low back pain.
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Perceived physical overload related to postures of the trunk was
negatively associated with disability at 6-month follow-up.

©

In contrast, perceived physical overload related to trunk postures
and arm positions were associated with disability at 6-month
follow-up in patients with chronic low back pain.

Perceived physical overload related to positions of the arms was
positively associated with disability at 6-month follow-up.
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Future studies should investigate the effecti of intervention:
focusing on strategies with educational guidance to modify and/or
adapt a work environment to reduce this physical overload
associated with the arms and stimulate trunk movements.
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Introduction

Low back pain (LBP) is a prevalent musculoskeletal condi-
tion that imposes high financial costs to health care sys-
tems [12, 26]. Most patients with LBP seeking care in pri-
mary health care systems are diagnosed with non-specific
LBP, defined as the presence of pain not attributable to
any specific cause [2]. Although the prognosis is generally
favorable in the first weeks [24], patients with chronic LBP
(i.e., pain lasting more than 3 months) still show moder-
ate pain and disability over a year [8]. Given that a great
proportion of health care costs are attributable to chronic
LBP, identifying factors that predict a better outcome may
help clinicians to better educate patients about the LBP
prognosis.

Several factors may contribute to the prognosis of
chronic LBP including mechanical factors [7, 48].
Mechanical or physical factors are defined as an imbalance
between the functional load, that is, the effort required
during work and daily activities, and functional capac-
ity [15]. This imbalance may be caused by physical over-
load at work attributable to cumulative traumas, dynamic
activities related to trunk flexion and rotation movements,
lifting or charging loads, exposure to long working hours
without pauses and the adoption of static and inadequate
postures [1, 21]. Most of these working activities are
associated with psychological and physical fatigue [17]
or perceived exertion [35] which is commonly reported
by patients with chronic occupational LBP [5, 37]. Fur-
thermore, given that patients with LBP often report pain
and fear-avoidance beliefs during work activities [16, 34],
the perceived physical overload at work may also lead to
difficulties in performing daily and leisure activities [22,
43]. Considering the conflicting evidence for physical
job demands, or weak association for any factor, such as
prognostic factor of chronic LBP [46], additional studies
may help to understand the role of the perceived physical
overload at work for this population.

Previous studies have described physical overload at work
[19] as a risk factor for the development of LBP. However,
there is a paucity of studies investigating the prognostic
value of this factor in people with chronic LBP. Therefore,
the objective of this study was to investigate whether per-
ceived physical overload at work measured at baseline pre-
dicts pain and disability at 6-month follow-up in patients
with chronic non-specific LBP. Understanding the role of
perceived physical overload at work in the course of chronic
LBP may encourage the development of new educational
and interventional strategies for the management of chronic
LBP.

Methods

This exploratory study is a prospective longitudinal study
with a 6-month follow-up.

Participants

Participants were recruited in two outpatient university
physiotherapy clinics through advertising as well as social
media in the community. Participants with chronic non-
specific LBP (i.e., low back pain without any attributable
cause lasting for at least 3 months) were considered eli-
gible in this study if they: aged between 18 and 60 years
old and scored at least “moderate” in questions 6 and 7 of
the 36-Item Short-Form Health Survey. Participants were
excluded if they had: at least two signs that indicate neural
compression (weakness, alterations in the reflex or loss of
sensitivity); previous surgical procedure in the spine; seri-
ous cardiovascular or neurological pathologies; and had
any “red flag” confirmed by a checklist [28]. This study
was approved by the university ethics research committee
(CAAE36332514.0.0000.5402).

Sample size

According to a rule of thumb, at least ten patients are needed
for each independent predictor included in the model in a
regression analysis [31]. Therefore, we recruited at least 90
patients with chronic LBP accounting to the five categories
of the physical overload questionnaire and remaining vari-
ables (i.e., age, gender and BMI) for further adjustments in
the final model.

Procedures

After the participants voluntarily signed the consent form,
we administered the self-reported questionnaires at baseline
assessment regarding the following information: sociodemo-
graphic, anthropometric data, duration of symptoms, pain
intensity, disability, fear of movement, depression, physical
activity level and the perceived physical overload. Partici-
pants were offered a 2-month course of usual physiotherapy
program described elsewhere in previous studies [27]. In
summary, the physiotherapy program was administered
twice a week for 2 months and consists of supervised exer-
cises therapy (e.g., stabilization exercises, walking) which
is in accordance with current guidelines recommendations
for treatment of patients with chronic LBP [28]. At 6-month
follow-up from baseline assessment, we collected again
information on pain intensity and disability.
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Instruments

At baseline assessment, sociodemographic and anthropo-
metric data such as age, gender, body mass index (BMI),
employment status, educational level and duration of symp-
toms were collected. In addition, we administered the fol-
lowing questionnaires:

e Pain intensity: pain intensity was measured by the
11-point numerical rating scale (NRS) [36] for assess-
ment of pain ranging from “0” (no pain) to “10” (“worst
possible pain”). The NRS demonstrated excellent cor-
relation between two applications among patients with
chronic pain (r=0.98) [38].

e Disability was measured using the Roland Morris dis-
ability questionnaire (RMDQ) [25]. This instrument con-
tains 24 items with a total score ranging from “0” (no
disability) to “24” (maximum disability). The Brazilian
version of the RMDQ demonstrated excellent reliability
in patients with chronic LBP (ICC: 0.94) [25].

e Fear of movement was measured using the Tampa Scale
for Kinesiophobia (TSK), which consists of 17 questions
with a score ranging from 1 to 4 (questions 4, 8, 12 and
16 have inverted scores) [41]. The total score varies from
17 to 68, with higher scores indicating greater aversion
to movement. The Brazilian version of the TSK showed
excellent reliability in patients with chronic LBP (ICC:
0.93) [9].

e Depression: depression was measured using the Beck
Depression Inventory (BDI) which has 21 questions with
scores of 0-3 each [14]. The total questionnaire score
ranged from “0” (no depression) to “63” (high levels of
depression). The Brazilian version of the BDI showed an
excellent reliability in a community sample [13].

e Perceived physical overload: Perceived physical over-
load at work was measured using the physical overload
at work questionnaire [20]. This instrument contains 19
items in the form of pictograms grouped into five catego-
ries. For each item, the respondent rates how often he/
she works in a specific body posture or a task, from O to 4
(O=never; 1 =seldom, 3 =sometimes; 4 =often; 5=very
often). The five categories are: (1) five items related to
postures of the trunk (POT): item 1—straight, upright
(i.e., trunk bent 5° forward), item 2—slightly inclined
(i.e., trunk bent 45° forward), item 3—strongly inclined
(i.e., trunk bent 75° forward), item 4—twisted, item 5—
laterally bent; (2) three items related to positions of the
arms (POA): item 6—both arms below shoulder height,
item 7—one arm above shoulder height, item 8—both
arms above shoulder height; (3) five items related to posi-
tion of the legs (POL): item 9—sitting, item 10—stand-
ing, item 11—squatting (i.e., trunk bent 15° forward),
item 12—kneeling one or both knees, item 13—walking
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and moving; (4) 3 items related to weight lifting with
the straight trunk (POST): item 14—Ilifting light weights
(i.e., <10 kg), item 15—Ilifting medium weights (i.e.,
10-20 kg), lifting heavy weights (i.e., >20); and (5) 3
items related to weight lifting inclined trunk (POIT):
item 17—Ilifting light weights (i.e., < 10 kg), item 18—
lifting medium weight (i.e., 10-20 kg), and item 19—Ilift-
ing heavy weight (i.e., >20) [20]. The scores for each
category are obtained by multiplying the frequency of
each position during work by the physical load of each
position using pre-established values [28]. The total
score of the questionnaire is obtained summing the score
of the five categories.

Data analysis

Descriptive statistics were used for reporting data using
frequency with proportion (i.e., categorical data), mean
with standard deviation (SD) (i.e., normal distribution) and
median with interquartile range (IQR) (i.e., non-normal
distribution). We used the Wilcoxon Signed rank test to
investigate the statistical differences between the 6-month
follow-up and the baseline data on pain intensity and disabil-
ity. We also calculate the proportion of patients achieving a
minimal clinical important change at 6-month follow-up for
pain intensity (i.e., reduction in more than 1 out of 10 points
in the NRS) and disability (i.e., reduction in more than 4 out
of 24 points in the RMDQ) [30].

Univariate and multivariate linear regression analyses
were used to investigate the association between perceived
physical overload at work (POT, POA, POL, POST, and POIT
categories) with pain intensity and disability at the 6-month
follow-up. The potential covariates investigated included: age;
gender; BMI; fear of movement, depression; and pain and
disability at baseline assessment. The group of variables was
selected for inclusion in the regression analysis considering
the objective of this study of investigating the association of
perceived physical overload at work with pain and disabil-
ity at 6-month follow-up. Therefore, given that specific body
posture or task has been reported as risk factor for LBP [42]
and may also have a role in the chronic LBP prognosis, we
separately investigated the influence of each physical overload
category at work (i.e., POT, POA, POL, POST and POIT cat-
egories). Depression and fear of movement were also included
in the analyses because these psychological factors are often
associated with clinical outcomes in people with chronic LBP
[32, 50] and therefore may influence the results of this asso-
ciation. Finally, the remaining variables (age, gender, BMI
and pain and disability at baseline) were included as poten-
tial covariates for adjusting the model considering individual
characteristics of the sample at baseline.

First, we performed univariate linear regression analy-
ses for identifying the potential variables candidates to the
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base model of the multivariate analysis. For the univariate
analyses, the dependent variables were pain or disability
at 6-month follow-up and the independent variables were
measures of perceived physical overload at work (POT,
POA, POL, POST, and POIT categories), age, gender, BMI
and pain intensity and disability at baseline assessment.
All variables with p values equal or lower than 0.25 were
selected as candidates for inclusion in the base model of
the multivariate analysis [3]. We adopted a more conserva-
tive p value in order to ensure that any potential predictor
would not be included in the base model of the multivari-
ate analysis. For the multivariate analyses, the base models
were created including the variables with p values equal or
lower than 0.25. Then, we used the backward elimination
approach to remove the least significant variable with the
highest p value. We repeated this approach until only vari-
ables with a p value lower than 0.05 have remained in the
model. There was no indication of multicollinearity as none
of the independent variables were highly correlated (» <0.6)
All statistics were performed on IBM SPSS software version
20.0 (IBM corporation, Somers, NY, USA).

Results

From January 2015 to July 2017, 175 participants were
screened considering our inclusion criteria and 102 par-
ticipants were considered eligible to this study. The reasons
for exclusion included the presence of serious pathology or
radicular pain, the presence of acute or subacute LBP, or
older than 60 years. Of these, 92 participants (90%) com-
pleted the 6-month follow-up and were included in the analy-
sis. Fifty-nine (64.1%) were women with a mean (SD) age
of 40.4 years (11.6) and median [IQR] duration of symp-
toms of 24 months [6; 60]. The median [IQR] pain inten-
sity and disability was of 7.0 [6.0; 8.0] and 12.0 [9.0; 16.0],
respectively. At 6-month follow-up, there was a significant
reduction in the median pain intensity and disability levels
of —2.0 [-4.0; 0.0] and —4.0 [IQR: —10.0; —0.2], respec-
tively. More than half of the participants reported a differ-
ence for pain intensity (n=56 [61%]) and disability levels
(n=48 [52%]) greater than the MCIC. The characteristics
of the sample are described in Table 1.

Table 2 describes the results of the univariate analyses
for pain and disability at 6-month follow-up. The results of
the univariate analyses showed that age, pain at baseline and
disability at baseline were associated (p <0.25) with pain
intensity at 6-month follow-up. For disability, the univari-
ate analyses showed that age, pain at baseline, disability at
baseline, perceived physical overload related to postures of
the trunk and perceived physical overload related to posi-
tions of the arms were associated (p <0.25) with disability
at 6-month follow-up.
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Table 1 Characteristics of the sample
Characteristics (n=92)
Sex (women), n (%) 59 (64.1%)
Age (years) 40.4 (11.6)
Symptoms duration (months) 24 [6; 60]
BMI (kg/cm?) 279 (5.2)
Depression (BDI, 0-63) 11.2 (7.6)
Fear of movement (TSK, 17-68) 45.8 (6.3)
Physical overload questionnaire

POT 5.0 (2.0)

POA 0.7 (0.4)

POL 1.1 (0.6)

POST 39@3.1)

POIT 10.3 (4.3)

Total score 21.1(7.4)
Baseline data

Pain intensity (NRS, 0-10) 7 [6; 8]

Disability (RMDQ, 0-24) 12 [9; 16]
6-month follow-up

Pain intensity (NRS, 0-10) 51(3;7]*

Disability (RMDQ, 0-24) 6[2; 11]*

NRS numerical rating scale, RMDQ Roland Morris disability ques-
tionnaire, 7SK Tampa Scale For Kinesiophobia, BDI Beck depression
inventory, SD standard deviation, POT physical overload in the trunk,
POA physical overload in arms, POL physical overload in the legs,
POST physical overload loading with straight trunk, POIT physical
overload loading with inclined trunk

Values are mean (standard deviation) or median [interquartile range]
unless otherwise specified

*p <0.05 verified by the Wilcoxon signed rank test

Tables 3 and 4 show the results of multivariate linear
regression analysis with pain intensity and disability, respec-
tively, at 6-month follow-up as dependent variable. The base
model includes the variables with p <0.25 from the univari-
ate regression, and the final model represents the variables
after eliminating the nonsignificant variables with p >0.05.
For pain intensity, only age and depression remained in the
final model explaining 15% of the variance in the dependent
variable. For disability, perceived physical overload related
to trunk postures, perceived physical overload related to arm
positions, age and disability at baseline demonstrated were
statistically significant and remained in the final model. The
final model explained 28% of the total variance in the meas-
ure of disability at 6-month follow-up. Higher perceived
physical overload related to trunk postures (i.e., POT) was
negatively associated with disability at the 6-month follow-
up (B=-0.60 95% CI —1.18 to —0.02), meaning that per-
ceived higher physical overload related to trunk postures
are associated with lower disability levels at 6-month fol-
low-up. In addition, perceived physical overload related to
positions of the arms (i.e., POA) was positively associated
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Table 2 Univariate regressions
for prediction of pain intensity
and disability levels at 6-month

Pain intensity at p
6-month follow-up

Disability at 6-month follow-up p

follow-up Sex
Age
BMI
Pain at baseline (NRS)
Disability at baseline (RMDQ)
POT
POA
POL
POST
POIT
Depression (BDI)
Fear of movement (TSK)

0.26 (—0.91 to 1.44) 0.65 0.53 (=2.27 t0 3.33) 0.71
0.06 (0.01-0.11) 0.10 0.17 (0.06 to 0.28) <0.01
0.05 (—=0.06 to 0.16) 0.37 0.14 (=0.12 to 0.39) 0.30
0.23 (—=0.12t0 0.59) 0.20 0.72 (=0.13 to 1.58) 0.09
0.06 (—0.05t0 0.17) 0.25 0.49 (0.25 t0 0.73) <0.01
-0.05(-0.33t00.23) 0.73 -0.51(-1.16t00.15) 0.13
0.62 (—0.63 to 1.86) 0.33 3.23(0.31t06.13) 0.03
0.05(-=0941t01.04) 093 —0.82(—3.18to0 1.53) 0.49
—0.06 (—0.24t00.12) 049 —0.00(—0.441t00.43) 0.98
0.04 (=0.09t00.17) 0.59 —0.02 (-0.33to 0.30) 0.92
0.09 (0.02-0.12) 0.01 0.18 (0.07 to 0.35) 0.04
0.01 (=0.09 t0 0.09) 0.96 0.29 (0.08 to 0.49) < 0.01

BDI Beck depression inventory, NRS numerical rating scale, RMDQ Roland Morris disability question-
naire, SD standard deviation, POT physical overload in the trunk, POA physical overload in arms, POL
physical overload in the legs, POST physical overload loading with trunk straight, POIT physical overload
loading with inclined trunk, 7SK Tampa Scale for Kinesiophobia

Values are unstandardized B (95% confidence interval) unless otherwise specified

Table 3 Multivariate model for prediction of pain intensity at the
6-month follow-up

Table 4 Multivariate model for predicting disability at the 6-month
follow-up

Variables B (95% CI) P

Variables B (95% 1C) P

Base model—dependent variable: pain intensity at 6-month follow-up

Age 0.06 (0.02 t0 0.11) 0.01
Pain at baseline (NRS) 0.14 (—=0.24 t0 0.53) 0.47
Disability at baseline (RMDQ) 0.01 (—=0.11 to 0.12) 0.99
Depression (BDI) 0.09 (0.20 to 0.16) 0.01
Final model—dependent variable: pain intensity at 6-month follow-up

Pain at baseline (NRS) 0.14 (= 0.20 to 0.49) 0.41
Age 0.06 (0.02 t0 0.11) <0.01
Depression (BDI) 0.09 (0.02 to 0.16) 0.01

BDI Beck depression inventory, NRS numerical rating scale, RMDQ
Roland Morris disability questionnaire

with disability at the 6-month follow-up (B=2.72 95% CI
0.07 to 5.37), meaning that higher perceived physical over-
load related to arm positions is associated with higher dis-
ability levels at 6-month follow-up.

Discussion

Our results demonstrated that perceived physical overload
at work was not associated with pain intensity at 6-month
follow-up in chronic LBP. However, perceived physical over-
load related to trunk postures and arm positions was associ-
ated with disability at 6-month follow-up. Although overall
perceived physical overload at work has been considered a
risk factor for the development of LBP, our study shows that
perceived physical overload at work for the trunk and the
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Base model—dependent variable: disability at 6-month follow-up
Age 0.12 (0.02 to 0.23) 0.02

Pain at baseline (NRS) —0.05 (—0.90 to 0.80) 0.90
Disability at baseline (RMDQ) 0.37 (0.11 to 0.64) <0.01
Depression (BDI) 0.13 (- 0.03 t0 0.29) 0.10

Fear of movement (TSK) 0.08 (= 0.12 t0 0.29) 0.44

Physical overload in the trunk —-0.54 (-1.13t0 —0.04)  0.07

(POT)
Physical overload in the arms 2.96 (0.31t0 5.62) 0.03
(POA)
Final model—dependent variable: disability at 6-month follow-up
Age 0.13 (0.03 to 0.24) 0.01

Disability at baseline (RMDQ)

Physical overload in the trunk
(POT)

Physical overload in the arms
(POA)

0.43 (0.20 to 0.66) <0.01
-0.60(—1.18t0 —0.02)  0.04

2.72 (0.07 to 5.37) 0.04

BDI Beck depression inventory, NRS numerical rating scale, POA
physical overload in the arms, POT physical overload in the trunk,
RMDQ Roland Morris disability questionnaire, 7SK Tampa Scale for
Kinesiophobia

arms may have a different role as a prognostic factor in the
course of chronic LBP.

To our knowledge, this is the first study investigating
the role of perceived physical overload at work for specific
body regions as a prognostic factor for the clinical course of
chronic LBP. Although perceived physical overload at work
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was not associated with pain intensity at 6-month follow-
up, our final model showed that physical overload at work
may influence disability at 6-month follow-up explaining
28% of the variance of the disability levels. This percent-
age may be considered adequate considering the number
of variables (n=4) in the final model of our study when
compared to previous studies predicting disability in peo-
ple with chronic LBP which ranges from 3% (n=1) to 35%
(n=38) [6, 33, 51]. Regarding the available evidence in the
field, two previous studies showed conflicting results that
overall physical activity at work influences pain intensity
and disability in patients with chronic LBP. While Bendix
et al. [4] found an association between work force and pain
intensity at 1-year follow-up, Hansson et al. [18] did not find
any work-related predictor for pain intensity and disability at
2-year follow-up. One fact that might explain the conflicting
results is the different methods for assessment of physical
overload at work. Although there is a lack of studies inves-
tigating the prognostic role of perceived physical overload
at work, evidence from previous systematic reviews suggest
a potential role as a risk factor for the development of LBP.
Heneweer et al. [19] included eleven studies investigating
the association between perceived physical workload and
LBP. The authors showed that the intensity of workload was
a moderate to strong risk factor for LBP. In addition, recent
reviews support that perceived physical overload at work
is a risk factor for chronic musculoskeletal pain including
chronic LBP [23, 49] and osteoarthritis.

Our findings support that higher perceived physical
overload related to position of the arms might be associ-
ated with worse disability levels over time in patients with
chronic LBP. This means that higher frequency performing
arm movements, especially above shoulder height, may be
associated with a worse prognosis. This finding aligns with
longitudinal studies demonstrating that strenuous arm move-
ments increase the risk of developing LBP [10, 11]. One
explanation might be attributable to the deficit of postural
control following an arm flexion of patients with chronic
LBP compared to healthy individuals [39, 44, 45]. While
healthy individuals perform a trunk extension in opposite
direction to the resultant motion, patients with chronic LBP
have a reduced spinal motion due to altered muscle acti-
vation after arm movements [44, 45]. This might result in
long-term pain and disability in this population. Given that
patients can learn how to perform or avoid specific arm tasks
at work, the efficacy of educational strategies on how to
handle with high frequencies of arm tasks at the workplace
might be tested in future trials.

Noteworthy, higher perceived physical overload related to
postures in the trunk was associated with lower disability at
6-month follow-up. This means that higher frequency perform-
ing trunk movements such as inclination, twisting and lateral
bending may be associated with a better prognosis. To our

knowledge, no study was conducted investigating the asso-
ciation between with frequency of postures in the trunk and
disability in patients with chronic LBP. However, this finding
conflicts with available evidence showing that twisting and
bending may be associated with development with LBP and
pain intensity [29, 40, 47]. One explanation to our findings
might be that after performing repetitive trunk movements,
patients might change their perception that these movements
would be harmful to the spine and return to their normal activi-
ties. Therefore, patients with chronic LBP who perform trunk
movements may feel more confident to perform daily activi-
ties, or even practice physical activity, which is recommended
by current clinical practice guidelines [28] and may be the
explanation for resulting in less disability over time [33].

A limitation of this study is that we included only adults
between 18 and 60 years of age seeking physiotherapy care
for chronic LBP which may restrict the generalizability of our
findings. Future studies should be conducted to investigate the
influence of perceived physical overload in a general working
population with chronic LBP as well as other types of LBP
such as acute and subacute LBP. In addition, we investigated
perceived physical overload using a self-report questionnaire
due to its low cost and easy application. Future studies should
be conducted using objective methods (e.g., actPAL and accel-
erometers) to assess the physical overload at work as prognos-
tic factor of individuals with LBP.

Conclusion

Our findings revealed that perceived physical overload at work
was not associated with pain intensity in patients with chronic
LBP at 6-month follow-up. However, we identified a signifi-
cant association between perceived physical overload related
to postures of the trunk and positions of the arms with dis-
ability at 6-month follow-up. Future studies should investigate
the effectiveness of interventions focusing on strategies with
educational guidance to modify and/or adapt a work environ-
ment reducing the perceived physical overload associated with
the arms and stimulating trunk movements.
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