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Abstract

Background: Musculoskeletal disorders are the leading cause of work-related sick leave and incur substantial
socioeconomic costs. With the aging of our society and employees, the problem is exacerbating, and prevention is
becoming increasingly important. According to previous studies, exposure to awkward postures, such as overhead
work, is associated with musculoskeletal problems.

Objective: This study aimed to determine the current prevalence of employees who work in awkward postures,
specifically overhead, stratified by age, gender and occupation in the context of the 2018 BIBB/BAUA Employment
Survey and to analyze associations between awkward working postures, in particular overhead work, and pain in the
shoulder region.

Method: The study is based on secondary data from the German 20718 BIBB/BAUA Employment Survey. We have
included 14,327 of the 20,012 employees aged < 67 years who work at least 35 h per week who took part in the
survey. The classification of participants in occupational groups is based on the BLossreLD classification. The
multivariate analysis was conducted by applying robust Poisson regression models adjusted block by block to
obtain the relation between the self-reported frequency of working in awkward postures, in particular overhead
work, and the occurrence of arm pain and neck and shoulder pain. Prevalence ratios (PR) are reported as effect
estimates.

Results: 12.7% of participants indicated that they are often exposed to awkward postures at work; 5.0% stated they
often performed overhead work. The majority of these employees worked in agricultural, unskilled and skilled
manual occupations. The crude prevalence is 17.4% for arm pain and 48.4% for neck and shoulder pain. If subjects
reported that they often performed overhead work, the risk of arm pain increased by 18% (PR 1.18, Cl 1.04-1.34,
final model).

Conclusion: Working in awkward postures, especially overhead work, is a risk factor for upper extremity
musculoskeletal disorders. The development of prevention strategies should focus on the workforce in agricultural,
unskilled and skilled manual occupations.
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Background

Musculoskeletal disorders (MSD) are a relevant topic in
workplaces. They are the most common reason for sick
leave in the workforce (Germany: 21.9% in 2018) and
lead to tremendous costs (loss of production: €18.5 bil-
lion, loss of gross value added: €31.7 billion/2018 in
Germany) [1]. Due to later retirement ages and demo-
graphic change, it is assumed that musculoskeletal disor-
ders in workplaces will become an even more common
problem in future [2]. Furthermore, many developed
countries with high-income economies face an acute
shortage of skilled employees in many industrial sectors.
As a result, there is an interest in current data on the
prevalence and risk factors of MSD in different settings
and countries to guide preventive measures at work.
There is a significant relation between disorders of the
lower back and shoulders and high physical workloads.
Information provided by the Federal Institute for Occu-
pational Safety and Health (BAuA) shows that MSD af-
fected a large percentage of employees at work in the
last 12 months. Around 46% of employees reported
lower back complaints; 48.5% of employees also reported
neck and shoulder complaints [3].

Complaints of arm and shoulder and shoulder disor-
ders are discussed as health effects of working in awk-
ward postures, in particular of overhead work [4-13].
While some analyses focus on verifiable musculoskeletal
injuries [13, 14], others investigate self-reported out-
comes, such as pain and other symptoms [5]. There is
evidence that MSD, especially in the shoulder region, are
associated with working in awkward postures [4-8, 13—
15]. Working in awkward postures means working in
positions that deviate from neutral upright and comfort-
able standing or sitting positions. These working posi-
tions lead to changes in shoulder girdle and
glenohumeral biomechanics like a decreasing subacro-
mial space and increasing mechanical pressure on the
supraspinatus tendon. Effects might be shoulder pain
and less efficiently operating muscles [16, 17]. Thus,
completing such tasks requires increased and long-
lasting static muscle force. Working overhead, respect-
ively working above shoulder level, is one awkward pos-
ture that is commonly seen in workplaces [18].
Regarding work performed in tiring or painful body pos-
tures, the European Agency for Safety and Health at
Work (EU-OSHA) reports a range of between 43 and
46% of employees who are exposed to such conditions
for at least a quarter of their working time across the
EU-28 states between 2005 and 2014 [19]. Weersted

et al. 2020 [20] investigated in a systematic review the
association and the exposure-response relationship be-
tween work above shoulder level and shoulder pain and
disorders. Thirty-four publications with sufficiently rated
quality, and prospective, cross-sectional, and case-
control study designs have been included. In the studies,
exposure and outcome were assessed with a wide range
of methods, using both self-reported and objective mea-
surements. In summary, the authors have reported lim-
ited evidence of an association between arm elevation at
work and shoulder disorders. The evidence is moderate
for severe arm elevation, in which the elbow is above the
shoulder, and shoulder disorders.

Why is it worth adding evidence to this topic? One as-
pect is that Weersted et al. 2020 [20] were only able to
consider one case-control study from Germany [13].

Further information about the health situation of the
German labor force is, however, available. The Federal
Institute for Vocational Education and Training (BIBB)
and the Federal Institute for Occupational Safety and
Health (BAuA) perform regular employment surveys
every 6 years. The BIBB/BAuA Employment Surveys are
large-scale, representative surveys of the German work-
force. Each of these surveys includes close to 20,000 sub-
jects of working age, and their results are used to
provide scientific policy advice. The self-reported fre-
quency of working in awkward postures is just one item
on a long list of physical working conditions [21-24]
covered in the survey. During the 2006 BIBB/BAuA Em-
ployment Survey, 14.3% of subjects reported that they
often work in awkward postures; this number increased
to 16.6% in 2012 [25]. Unfortunately, the wording of the
question regarding work in awkward postures was not
differentiated enough to be comparable to the earlier
survey at an international level [26]. Therefore, the item
was changed and extended in the most recent survey in
2018. Subjects who reported that they often worked in
awkward postures were at least asked to define the type
of posture in detail (kneeling, overhead work, and bend-
ing). In their review, Weersted et al. 2020 [20] stated that
work performed in an overhead posture is common in a
wide range of professions; however, descriptions of the
prevalence of job-specific exposure to overhead work is
lacking.

This study therefore aims to provide data on the
prevalence of work in awkward postures, in particular
work in overhead postures, within occupational groups
of the German population, using the 2018 BIBB/BAuA
Employment Survey. The second objective is to analyze
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the association between working in awkward postures,
in particular working in overhead postures, and shoulder
and arm pain.

Methods

Study design

The study is a secondary data analysis of the 2018 BIBB/
BAuA Employment Survey. The BIBB/BAuA Employ-
ment Surveys are regularly conducted, cross-sectional
surveys initiated to provide information about the health
status and working conditions of the German labor
force. The first survey took place in 1979; since then, as
many as seven surveys have been conducted. The ob-
tained data is based on self-reported, subjective informa-
tion [22]. Participants of the 2018 BIBB/BAuA
Employment Survey were recruited and interviewed by
phone in the time between October 2017 and March
2018. The sample included German-speaking partici-
pants who were at least 15years old, worked 10h or
more per week and were paid for this work. Trainees
and persons undergoing vocational training were not in-
cluded. A sample of 20,012 employed persons partici-
pated in the 2018 BIBB/BAuA Employment Survey [22].

Exposure and outcome

During the interview, participants were asked about the
frequency of work performed in awkward postures. They
could choose one of the following answer categories as a
response: “never”, “rarely”, “sometimes”, and “often”.
These four response categories referred to the job gener-
ally, but not to a specific frequency or duration per shift
or per hour. If participants responded “often”, they were
also asked if they often worked in an overhead posture,
on their knees, or in a bended position. Possible answers
were “yes” or "no”. Multiple responses that included all
three postures were allowed. To include information
about overhead work in the regression models, dummy
variables were created. Further information about the
construction of the dummy variables is provided in Fig-
ure 1 in the additional material.

Additionally, participants were asked about the oc-
currence of musculoskeletal pain or complaints in dif-
ferent body parts that occurred at work or after work in
the last 12 months. No question explicitly focused on
shoulder pain or disorders; we have therefore selected
responses related to “pain/complaints in the arms” and
“pain/complaints in the neck or shoulders” as out-
comes. The options for answering these questions were
“yes” or “no”.

Covariables

In accordance with other studies [4, 5, 8, 11-13, 15, 18,
27-35], covariables were selected to reduce potential
confounder bias in the analysis of the association
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between exposure and outcome. These covariates are
gender (men, women), age (in years), other physical and
environmental working conditions, weekly working time
(hours) and the psychosocial workload. The occurrence
of manual handling of heavy loads (“lifting or carrying of
load >20 kg for men or >10 kg for women”), manual
handling operations (“requiring high manual occupa-
tional skills, rapid manual movements and/or high man-
ual forces”) and climatic workloads (“work in cold, heat,
wet, damp or draft conditions”) were similarly gathered
using the answer options “never”, “rarely”, “sometimes”,
and “often”. To measure the psychosocial workload, we
used an index based on a validated index introduced by
Kroll in 2011 [36]. We have used three subcategories of
the index (social burden, psychological, and temporal
workload) to create a score (ranging from 0 to 100 index
points) by adding the point values of the answered items
and dividing them by the sum of the maximum values of
answered questions. The higher the score, the greater
the psychosocial workload [36].

Preparation of data

Further exclusion criteria were applied to the study sam-
ple. We excluded people who worked on average (in-
cluding overtime) less than 35 h per week in their main
job as well as persons aged 67 or over.

Data were tabulated, inspected, examined for plausibil-
ity and checked for missing data. Secondary variables
were built and, if necessary, the code of response cat-
egories was converted. All subjects (n=14,327) who
were included had no missing data in the outcome pa-
rameters and the selected covariates used in the regres-
sion analysis (complete-case-analysis). The resulting
sample did not include minors under the age of 16 years.

Data analysis

The number of participants, their age, weekly working
hours, psychosocial workload, gender, arm pain, neck
and shoulder pain, physical and climatic workload as
well as the classification of the occupation were strati-
fied by the frequency of work performed in awkward
postures and overhead work. We have used absolute
numbers (n) and prevalence (%) to describe the distri-
bution of categorical variables. Arithmetic means and
standard deviations (SD) were used to characterize nu-
meric variables. Associations between exposure and
binary outcome were estimated using Poisson regres-
sion models with robust variance estimates. Poisson re-
gression was used to derive prevalence ratios (PR)
directly from effect estimates. The robust variance esti-
mates were exploited to achieve correct 95% confidence
intervals (CI) and to control for over- and underdisper-
sion [37]. Statistical analyses were performed using
SPSS statistics 25 and are fully syntax based.
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The associations between exposure and the two out-
comes (arm pain and neck and shoulder pain) were ex-
amined by applying five models that were adjusted block
by block for each outcome. Based on a literature search
a list of relevant covariates was derived from reported
associations between working in awkward postures, in-
cluding overhead work, and shoulder pain [4, 5, 8, 11—
13, 15, 18, 20, 22, 27-35]. This a-priori defined list of
covariates was included in an underlying causal diagram
and considered in the regression models [38]. The se-
lected confounders were gradually added to the regres-
sion models block by block (Model #1: exposure only;
Model #2: #1 with age and gender; Model #3: #2 with
actual weekly working hours, Model #4: #3 with other
physical workloads). Finally, fully adjusted Model #5 in-
cludes the following covariates: age, gender, actual
weekly working hours, and manual handling of heavy
loads, manual (repetitive) handling operations, climatic
and psychosocial workload. This fully adjusted model
(Model #5) has been defined as the model used for
reporting and interpretation.

The adjusted prevalences of arm pain and neck and
shoulder pain, stratified by the self-reported frequency
of awkward postures, were derived by applying post-
estimations based on the results of the final model. This
was only applicable to the basic question regarding the
frequency of work performed in awkward postures with-
out this being split into the specific types of postures.

The occupations of participants in the 2018 BIBB/
BAuA Employment Survey were coded in accordance
with German occupation classifications in the dataset.
These coded job titles have been summarized to occupa-
tional groups, using the classification of job titles
published by BLOSSFELD 1985 [39]. The BLOSSFELD classi-
fication system covers twelve groups: agricultural occu-
pations, unskilled manual occupations, skilled manual
occupations, technicians, engineers, unskilled services,
skilled services, semiprofessions, professions, unskilled
commercial and administrational occupations, skilled
commercial and administrational occupations, and
managers.

Results

Descriptive analysis

In total, 14,327 participants matched the inclusion and
exclusion criteria and provided complete datasets re-
garding the variables used in the regression models.

The basic characteristics of the population used in
the analysis are shown in Table 1. Due to missing
data on job titles, the stratification by BLOSSFELD
occupational groups includes only 14,265 subjects
(Table 2). This dataset did not differ from the whole
dataset of n =14,327 participants regarding mean age,
gender distribution, prevalence of shoulder and neck
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pain or arm pain, prevalence of exposure to awkward
postures, and mean working time.

12.7% of participants indicated that they “often” work
in awkward postures (5.0% overhead and 7.7% in other
awkward postures). 13.2% of men reported that they
often work in awkward postures, compared to 11.9% of
women. The mean age of participants who reported that
they often perform overhead work is 45.66 years of age
(SD 11.15). People who indicated that they often per-
form overhead work were also often exposed to manual
handling operations or repetitive work (77.5%), manual
handling of heavy loads (61.5%) and climatic workloads
(46.7%) (Table 1). The mean psychosocial workload of
subjects who often performed overhead work is higher
than that of subjects who never worked in awkward pos-
tures (42.23 index points vs. 37.07 index points). (Table
1)

Overhead work in various occupations

The majority of participants who reported that they
often perform overhead work are employed in skilled
manual occupations (men: 23.3%, women: 9.8%), agricul-
tural occupations (men: 13.4%, women: 11.3%) and un-
skilled manual occupations (men: 11.7%, women: 7.1%).
Table 2 shows the detailed distribution of self-reported
exposure to awkward postures stratified by BLOSSFELD
occupational groups and gender.

Associations between overhead work and pain in the arm
region

The unadjusted model (Model #1) and the adjusted
models each found an association between persons who
often perform overhead work and arm pain at work in
the last 12 months. Effect estimates of Models #1 to #5
are presented in Fig. 1. The unadjusted model shows a
higher prevalence ratio (PR 1.30, CI 1.12-1.52) than the
fully adjusted model (PR 1.18, CI 1.04—1.34). The add-
itional adjustment for other physical workloads in
Models #3 and #4 leads to a considerable decrease in the
prevalence ratio. However, the effect of overhead work
in Model #5 remains significant.

After adjusting all considered covariables (Model #5,
Table 3), the regression model shows an increase in the
risk of arm pain from persons who never work in awk-
ward postures (reference group) to those who responded
“often perform overhead work” (PR 1.18, CI 1.04—1.34).
For persons who responded “sometimes” the increase in
the prevalence was only small and non-significant (PR
1.10, CI 0.98-1.23). The prevalence of arm pain does
not increase in the category of those who “rarely” work
in awkward postures. In comparison, among persons
who reported that they never, rarely or sometimes
worked in awkward postures, frequent overhead work is
associated with an 18% higher prevalence of reporting of
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Table 1 Characteristics of the study population stratified by the frequency of working in awkward body postures (n = 14,327)

Self-reported frequency of work performed in

awkward postures

Work performed in specific awkward postures
(percentages related to all participants)

Never Rarely Sometimes Often  Total Often performs Often works in other
overhead work awkward posture

Participants (n (row %) 8407 2221 1883 1816 14,327 717 (5.0%) 1099 (7.7%)

(58.7%)  (15.5%) (13.1%) (12.7%)  (100%)
Men (n (row %)) 4808 1567 1293 1162 8830 554 (6.3%) 608 (6.9%)

(54.5%) (17.7%) (14.6%) (13.2%)  (100%)
Women (n (row %)) 3599 654 590 (10.7%) 654 5497 163 (3.0%) 491 (8.9%)

(65.5%)  (11.9%) (11.9%)  (100%)

Women to men ratio (%) 42.8% 29.4% 31.3% 36.0% 384% 22.7% 44.7%
Age (mean (SD)) 473 46.7 454 (11,5 450 46.7 456 (11.6) 46.7 (11.2)
(109) (11.0) (11.7) (1.

Weekly working hours (Mean (SD)) 436 438 446 (9.2) 438 438 (76) 441 (83) 436 (8.3)

(7.0) (7.5) 82)

Psychosocial workload index by Kroll 37.1 403 421 (124) 422 389 416 (13.1) 426 (13.5)

(mean (SD)) (10.9) (12.0) (134) (11.8)

Arm pain (col %) Yes 12.3% 16.4% 23.5% 36.0% 17.4% 39.6% 33.7%

Neck and shoulder pain Yes 45.9% 45.9% 50.3% 60.6% 484% 58.7% 61.8%

(col %)

Gender (col %) Women 42.8% 29.4% 31.3% 36.0% 38.4% 22.7% 44.7%
Men 57.2% 70.6% 68.7% 64.0% 61.6% 77.3% 55.3%

Manual handling Never 66.5% 12.1% 9.0% 5.8% 42.8% 2.1% 8.2%

i @)

operations (col %) Rarely 97%  289%  7.0% 51%  117%  38% 6.0%
Sometimes 7.1% 20.6% 34.7% 11.6% 13.4% 11.0% 12.0%
Often 16.7% 38.5% 49.3% 77.5% 32.1% 83.1% 73.8%

Manual handling of heavy Never 70.2% 19.2% 14.9% 8.2% 47.2% 5.0% 10.3%

0

loads (col %) Rarely 194%  447%  20.7% 138%  227%  13.1% 14.3%
Sometimes 6.1% 17.0% 32.7% 16.5% 12.6% 16.3% 16.6%
Often 4.3% 19.1% 31.7% 61.5% 17.5% 65.6% 58.9%

Climatic workload (col %)  Never 75.4% 31.1% 25.6% 21.3% 55.1% 11.9% 27.4%
Rarely 9.9% 27.9% 12.3% 11.7% 13.2% 12.3% 11.4%
Sometimes 8.7% 19.6% 34.5% 20.3% 15.3% 22.0% 19.2%
Often 6.0% 21.4% 27.6% 46.7% 16.4% 53.8% 42.0%

Legend: row %: row percentage, n: absolute number, col. %: column percentage, SD: standard deviation

arm pain (Table 3). Besides overhead work, often per-
forming work in bending postures was a risk factor for
the occurrence of arm pain at work in the last 12
months (PR 1.19, CI 1.05-1.35). This effect is compar-
able to the effect of often performing overhead work.
Frequent kneeling was not associated with arm pain.
The fully adjusted Model #5 provides supplemen-
tary information about the association of arm pain
and the considered covariates: Other physical work
factors such as the manual handling of heavy loads,
manual handling operations and climatic workload
are more strongly associated with arm pain than
often performing overhead work (Table 3). When it
comes to the psychosocial workload, a positive asso-
ciation with arm pain in the last 12 months was

detected. Weekly working hours are negatively asso-
ciated with self-reported arm pain. (Table 3).
Women are more likely to report arm pain than
men (PR 1.45, CI 1.35-1.56). Age is associated with
an increased prevalence of reported arm pain (PR
1.22, CI 1.17-1.26, per 10 years).

Even without being split into specific work positions,
working in awkward body postures is strongly associated
with an increase in the prevalence of arm pain in the
categories “sometimes works in awkward postures” (PR
1.17, CI 1.04-1.32) and “often works in awkward pos-
tures” (PR 1.36, CI 1.21-1.52) (Additional Table 1).

Based on the fully adjusted Model #5, and without
splitting the category “often works in awkward postures”
into specific work positions, the estimated prevalence of
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Table 2 Work performed in awkward postures stratified by gender in different occupational groups (n = 14,265 due to missing data

in 62 cases)
BLOSSFELD occupational Never in awkward Rarely in Sometimes in Often in awkward postures (row %) Total No. of
group postures (row %) awkward awkward (row subjects
postures postures %)
(row %) (row %)
Often performs Often works in
overhead work other awkward
postures
Men (n =8786)
Agricultural occupations 9.1% 20.3% 353% 134% 21.9% 100% 187
Unskilled manual 28.1% 23.9% 21.2% 11.7% 15.1% 100% 675
occupations
Skilled manual 15.3% 18.8% 26.9% 23.3% 15.8% 100% 1210
occupations
Technicians 45.1% 24.5% 18.9% 6.2% 53% 100% 628
Engineers 71.5% 18.5% 7.8% 1.3% 0.9% 100% 769
Unskilled services 36.7% 26.9% 21.2% 8.2% 7.0% 100% 867
Skilled services 43.6% 22.4% 19.5% 4.4% 10.0% 100% 548
Semiprofessions 60.2% 16.9% 13.0% 0.5% 94% 100% 575
Professions 75.0% 14.4% 8.6% 0.4% 1.5% 100% 533
Unskilled commercial and  61.3% 14.4% 13.5% 2.3% 8.6% 100% 222
administrational
occupations
Skilled commercial and 80.7% 11.7% 5.9% 0.3% 1.4% 100% 1573
administrational
occupations
Managers 85.0% 9.2% 3.7% 0.7% 1.4% 100% 999
All men 54.4% 17.8% 14.6% 6.3% 6.9% 100% 8786
Women (n =5479)
Agricultural occupations 16.1% 16.1% 29.0% 11.3% 27.4% 100% 62
Unskilled manual 50.0% 16.2% 19.5% 7.1% 7.1% 100% 154
occupations
Skilled manual 44.2% 23.3% 15.3% 9.8% 7.4% 100% 163
occupations
Technicians 71.4% 15.1% 9.4% 2.1% 2.1% 100% 192
Engineers 79.6% 10.9% 6.6% 0.7% 2.2% 100% 137
Unskilled services 46.9% 21.4% 14.7% 6.3% 10.7% 100% 224
Skilled services 48.9% 19.8% 17.7% 3.7% 9.9% 100% 464
Semiprofessions 43.1% 13.1% 17.1% 4.7% 22.1% 100% 1419
Professions 77.7% 11.9% 6.3% 0.8% 34% 100% 528
Unskilled commercial and  60.7% 154% 13.2% 4.8% 5.9% 100% 272
administrational
occupations
Skilled commercial and 87.7% 6.3% 3.8% 0.6% 1.7% 100% 1333
administrational
occupations
Managers 92.5% 3.8% 24% 04% 0.9% 100% 531
All women 65.4% 11.9% 10.8% 3.0% 9.0% 100% 5479
All men and women 58.6% 15.5% 13.1% 5.0% 7.7% 100% 14,265

Legend: row %: row percentage). This dataset did not differ from the whole dataset of n = 14,327 participants regarding mean age, gender distribution,
prevalence of shoulder/neck pain or arm pain, prevalence of exposure to awkward postures, and mean working time
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Relative Risk of pain in the arm region
within the last 12 months
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Fig. 1 Relative risk of arm pain stratified by the frequency of working in awkward body postures
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arm pain within the last 12 months is 21.6% (CI 19.7% -
23.6%) of arm pain in participants who often worked in
awkward postures. The prevalence of arm pain for sub-
jects who responded that they “sometimes”, “rarely” or
“never” worked in awkward postures has been estimated
at 18.6% (CI 16.9% - 20.4%), 15.2% (CI 13.8% - 16.7%)
and 15.9% (CI 14.7% - 17.2%), respectively. The esti-
mated prevalence was derived from the regression model

presented in the additional material (Additional Table
1).

Overhead work and pain in the neck and shoulder region
We have not detected any meaningful association be-
tween frequently performing overhead work and the
other outcome of “neck and shoulder pain” in either the
unadjusted model (Model #1: PR 0.97, CI 0.89-1.05) or

Table 3 Prevalence Ratios with 95% confidence interval considering arm pain (n = 14,327)

Prevalence ratios for arm pain (outcome) after adjusting for gender, age, weekly working hours and

working conditions (Model #5)

Age Per year 1.020 (1.016-1.023)
Gender Women 1.454 (1.353-1.562)
Weekly working hours Per h 0.987 (0.982-0.992)
Psychosocial workload (score) Per unit 1.011 (1.008-1.014)
Never Rarely
Works in awkward postures 1 (ref) 0.907 (0.809-1.016)
1) Often performs overhead work 1 (ref) -
2) Often when bending 1 (ref) -
3) Often when kneeling 1 (ref) -
Manual handling of heavy loads 1 (ref) 1.072 (0.957-1.200)
Manual handling operations 1 (ref) 1.025 (0.879-1.195)
Climatic workload 1 (ref) 1.063 (0.938-1.206)

Sometimes Often

1.100 (0.984-1.230) (answer split into 3 dummy variables)

- 1(1.037-1.345)
- 1(1.050-1.351)
- 0.995 (0.874-1.132)
1.176 (1.033-1.339) 1.531 (1.359-1.724)
1.150 (1.001-1.320) 712 (1.534-1911)

( )

1.296 (1.165-1.442)

1.646 (1.490-1.818

Legend: ref. = reference group
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Table 4 Prevalence Ratios with 95% confidence interval considering pain in the neck and shoulder region (n = 14,327)

Prevalence ratios for neck and shoulder pain (outcome) after adjusting for gender, age, weekly working
hours and working conditions (Model #5)

Age Per year 1.003 (1.002-1.005)
Gender Women 1571 (1.518-1.625)
Weekly working hours Per h 0.993 (0.990-0.995)
Psychosocial workload (score) Per unit 1.010 (1.009-1.012)
Never Rarely Sometimes Often
Works in awkward postures 1 (ref) 0.974 (0.922-1.029) 1.009 (0.953-1.068) (answer split into 3 dummy variables)
1) Often performs overhead work 1 (ref)) - 1.038 (0.960-1.122)
2) Often when bending 1 (ref) - - 0 (1.047-1.199)
3) Often when kneeling 1 (ref) - 0.989 (0.922-1.060)
Manual handling of heavy loads 1 (ref) 1.009 (0.961-1.060) 1.010 (0.951-1.072) 9 (1.058-1.184)
Manual handling operations 1 (ref) 0.966 (0.906-1.029) 0.951 (0.895-1.011) 1.021 (0.973-1.071)
Climatic workload 1 (ref) 1.006 (0.951-1.065) 1.107 (1.053-1.165) 6 (1.119-1.236)
Legend: ref. = reference group
the fully adjusted model (Model #5: PR 1.04, CI 0.96— The frequent manual handling of heavy loads and work-

1.12) (Table 4). The effect estimates for neck and shoul-  ing under climatic workloads are associated with a slightly
der pain based on Models #1 to #5 are presented as increased prevalence of neck and shoulder pain. Similar to
prevalence ratios in Fig. 2. The adjustment for other the results for arm pain, weekly working hours are nega-
physical workloads in Model #3 leads to a considerable tively associated with self-reported arm pain. Women have
reduction in the prevalence ratio for neck and shoulder a higher prevalence of neck and shoulder pain than men.
pain. Age is associated with neck and shoulder pain (Table 4).

Relative Risk of pain in the neck and shoulder region
within the last 12 months

3.0
OModel 1
25 OModel 2
OModel 3
OModel 4

20 - ®Model 5

1.5 A

b
10 —ccsa9 Q@)@ q@@@ % ® @%

Prevalence ratio with 95% CI

05

never (ref.) rare sometimes frequently frequently frequently
kneeling bending overhead

Self-reported frequency of working in awkward postures

Fig. 2 Relative risk of pain in the neck and shoulder region stratified by the frequency of working in awkward body postures
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Without being split into specific work postures, fre-
quently working in awkward body postures is associated
with a slight increase in the prevalence of neck and
shoulder pain of nearly 12% (PR 1.12, CI 1.06-1.19) (see
additional material, Additional Table 2).

Without splitting the category “often works in awk-
ward postures” into specific work positions, the esti-
mated prevalence of neck and shoulder pain within the
last 12 months based on the fully adjusted Model #5 is
56.4% (CI 53.9 - 59.0%) for employees who “often” work
in awkward postures. The adjusted prevalence of neck
and shoulder pain for subjects who reported that they
“sometimes”, “rarely” or “never” work in awkward pos-
tures has been estimated at 51.3% (CI 48.9 - 53.8%),
49.5% (CI 47.2 - 51.8%) and 50.2% (CI 48.5 - 52.1%), re-
spectively. Additional Table 2 (Additional material)
provides the estimates of the regression model to which
the above-mentioned estimations of the adjusted preva-
lence refer.

Discussion

The study aims to specify the current prevalence of ex-
posure to work in awkward postures and overhead work
based on the German 2018 BIBB/BAuA Employment
Survey. A second objective is to identify occupational
groups (jobs) that are more often exposed to overhead
work as well as to work in awkward postures. Addition-
ally, the study intends to demonstrate the association be-
tween working in awkward postures, especially overhead
work, and the occurrence of arm pain, and to provide
the adjusted prevalence of such self-reported symptoms.

In summary, the study has shown that 12.6% of partic-
ipants indicated that they are “often” exposed to awk-
ward postures at work. Nearly 5.0% reported that they
often perform overhead work. Most of these employees
work in agricultural, unskilled and skilled manual occu-
pations. In general, men are more often exposed to work
that results in awkward body postures. The analysis re-
vealed an association between the self-reported fre-
quency of overhead work and arm pain (“often”: PR
1.18, CI 1.04-1.34; “sometimes™ PR 1.19, CI 1.05-1.35;
“rarely”: PR 0.99, CI 0.87-1.13; “never”: ref.)

The 2018 BIBB/BAuA Employment Survey is a large-
scale, representative, and cross-sectional-study. There-
fore, we cannot derive causal inference. The interpret-
ation of the associations between (self-reported) work in
awkward body postures and the prevalence of arm pain
or neck and shoulder pain must consider this aspect.
Another aspect in this context is that the healthy worker
effect could bias the analysis [6]. There is also the possi-
bility that the results were affected by response bias and
recall bias as all data is based on self-reported informa-
tion. Workers with MSD pain might overestimate their
exposures compared to workers who are asymptomatic.
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For example, based on a systematic review Coenen et al.
2019 [40] reported an increased occurrence of neck and
upper extremity symptoms correlated with greater ex-
posure to screen work. This effect was rather inconsist-
ent and associated with weaker risks when screen work
was assessed by software recordings compared to self-
reports.

The weighted total sample of the 2018 BIBB/BAuA
Survey of Employed Persons, with n = 20,012 participants,
is representative of the German labor force [24]. The
weighting considered age, gender, household size, mari-
tal status, job position, nationality, and state of resi-
dence. For the present analyses, however, we used a
subsample that was restricted with respect to age and
weekly working hours. Therefore, weighting was not ap-
plicable. As a consequence, the representativeness of our
subsample is to be regarded as limited.

Nevertheless, the aim of a cross-sectional study is
to derive prevalence. Reporting a crude prevalence of
the outcome stratified by the exposure of interest
could be biased if main confounders such as age or
gender are unequally distributed. This study provides
estimations on the prevalence of arm pain based on
the regression model and considering main con-
founders. The reported prevalence can be regarded as
an adjusted estimate of actual prevalence in the ex-
posure groups. The adjusted prevalence for arm pain
stratified by the self-reported frequency of overhead
work has been derived to be between 16 and 19%,
while the unadjusted prevalence lies between 12 and
36%. We have to consider that all non-work and
work-related covariates significantly contributed to
the measured effect in the final model and reduced
the estimate for overhead work seen in the crude
model. This underlines the necessity for adjustment if
an association between overhead work and the health
complaints in the upper extremities is analyzed.
Otherwise the effect would be overestimated.

The analysis is a secondary data analysis of the 2018
BIBB/BAuA Employment Survey. We need to consider
that the survey was primarily designed to answer other
questions; thus, the applied adjustment for relevant cov-
ariables has been limited to available variables. Body
weight or height, smoking, non-work related psycho-
logical stress, and vibration have not been considered
within the 2018 BIBB/BAuA Employment Survey and
could not be implemented in the regression analyses.
Future BIBB/BAuA Employment Surveys should include
such covariates.

One advantage of the 2018 BIBB/BAuA Employment
Survey is that it covers a large study population of
20,012 employees. Out of 47.4% reachable employees,
(n =42,188) participated. Unfortunately, an analysis of
non-responders is not available. Despite the
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limitations, the study is based on one of the largest
employment surveys in Germany.

The exposure prevalence of 12.7% for employees who
“often” work in awkward postures was lower than in pre-
vious surveys conducted in 2012 (16.6%) and 2006
(14.3%). The difference could be related to differences in
inclusion criteria. While the dataset of this study in-
cluded subjects who work more than 35h per week, the
prevalence reported in previous surveys in 2006 and
2012 included employees who worked less than 35h per
week [41, 42]. The present study shows an exposure
prevalence of employees who often perform overhead
work of 5.0%. Previous BIBB/BAuA Employment Surveys
did not include the variable of overhead work. Thus,
comparisons or time-trend analyses are not possible with
regard to this type of work in awkward postures [41, 42].

The 2018 BIBB/BAuA Employment Survey derived in-
formation about work performed in awkward body pos-
tures in more detail than former surveys, however, only
in cases in which a subject responded that they “often”
worked in awkward postures. Dealing with such complex
structured exposure variables is difficult. In future sur-
veys, the variables of “works in awkward postures” and
“overhead work” should be assessed separately as has
been done in comparable employment surveys, for ex-
ample in Denmark or Norway [26]. This modification
may make it possible to gain more information about
overhead work and to simplify the statistical analysis.
Another limitation is that the answer categories (“never”,
“rarely”, “sometimes”, and “often”) employed here cannot
be linked to the duration or an absolute frequency per
working day. No further assistance with interpretation of
these categories was given to the surveyors. Alterna-
tively, the surveys in other countries (Denmark, Norway,
and Spain) use fractions of the working day [26] or
retrospective duration of jobs requiring physical work-
load [43].

The possibility of comparing the considered outcomes
of “self-reported arm pain” or “neck and shoulder pain”
(in the last 12 months) to other studies, for example
Luime et al. 2004 [29], is limited. A more specific out-
come should be restricted simply to “shoulder pain”.
The questionnaire of the 2018 BIBB/BAuA Employment
Survey differentiates two regions: “neck and shoulder”
and “arm”. The crude prevalence of pain in the “neck
and shoulder” region is extremely high (48.4%). The gra-
dient of prevalence over the categories of the self-
reported frequency of work performed in awkward pos-
tures is low (46 to 61%) compared to arm pain (12 to
36%). The adjusted regression analysis using “neck and
shoulder pain” as an outcome has provided only an ex-
tremely weak association with regard to work frequently
performed in awkward postures (fully adjusted model:
PR 1.12, CI 1.05-1.19) (Additional Table 2) and no
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association to overhead work (fully adjusted model: PR
1.04, CI 0.96-1.12) (Table 4). Therefore, we have de-
cided to use “pain in the arm region” as the more spe-
cific outcome with regard to exposure to “overhead
work”. A second issue is that the wording of the ques-
tion regarding pain or symptoms is conditional to an as-
sociation to work (“while or after work”). At this point,
we suggest a more specific and unconditional operatio-
nalization of the health outcomes used in the BIBB/
BAuA Employment Survey.

The crude tabulations show that subjects who often
work overhead had a nearly threefold increased preva-
lence of arm pain in the last 12 months. After adjusting
for relevant covariables, a significant association between
overhead work and arm pain remains. Participants who
often work overhead had an 18% higher prevalence (PR
1.18, CI 1.04-1.34) of arm pain in the last 12 months
than employees who are not exposed to such postures.
The results of this study have confirmed the expected
association between overhead work and arm pain. Previ-
ous studies have demonstrated that overhead work is a
risk factor for shoulder pain [4, 6-12, 14]. In a recent
systematic review, Weersted et al. 2020 [20] provided
similar effects in studies using questionnaires or inter-
views to assess work with elevated arms in relation to
shoulder pain in the last 12 months based on cross-
sectional studies and case-control studies. It should be
noted that working above shoulder level is linked not
only with discomfort, but also with specific shoulder dis-
eases. This could be shown in a recently published sys-
tematic review for cumulative exposure to various
physical occupational demands such as working above
shoulder level, repetitive movements, forceful work, and
hand-arm vibrations [44].

In summary, despite the increasing technological and
digital transformation process, many employees are still
exposed to awkward postures and overhead work. Tech-
nical and ergonomic solutions to reduce the workload
caused by overhead work are available but are rarely
used. Advanced technical support, such as the use of
exoskeletons, is still in development and limited to spe-
cific conditions. Considering the demographic change,
degenerative musculoskeletal disorders are still expected
to become an increasing problem. This may lead to an
increase in health inequality, long-term sick leave, early
retirement and difficulty in continuing to work in jobs
with a high physical workload. In order to ensure jobs
with a high physical workload continue to be attractive
and to avoid economic losses, already existing preven-
tion strategies have to be reconsidered and improved.

Conclusions
The results demonstrate that in the German labor
force especially people employed in industrial and
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manufactural sectors are exposed to awkward pos-
tures and overhead work, respectively. In general,
men are more often exposed to work that results in
awkward postures than women. Overhead work
should be considered a risk factor for the occurrence
of shoulder pain and arm pain. Finally, methodo-
logical improvements to the German monitoring of
surveys should be discussed.
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