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Abstract.
BACKGROUND: Work-related musculoskeletal disorders (WRMSDs) are a significant occupational health concern in
radiographers.
OBJECTIVE: This study aimed to describe radiographers’ WRMSDs symptoms prevalence and severity, exploring associ-
ations with occupational risk factors.
METHODS: A cross-sectional study was conducted to explore WRMSDs symptoms and occupational risk factors in radiogra-
phers of Western Switzerland using an online survey, based on the Nordic Musculoskeletal Questionnaire (NMQ). Descriptive
statistics were conducted to analyze the collected data, and associative statistics to identify the risk factors related to symptoms.
RESULTS: Participants (n = 359) presented a high prevalence of WRMSDs symptoms in the last 12 months (94.7%), with a
related absenteeism rate of 15.6%. In the last 7 days, symptoms prevalence was 67.7%. The most affected anatomical regions,
over both time periods, were the neck (73.0%, 36.8%) and low back (67.4%, 35.7%). Associative statistics underlined risk
factors affecting significantly radiographers’ health (OR >2) were the “awkward postures” (OR = 2.86; 95% CI 1.78–4.58)
and “feeling anxiety/stress at work” both for low back (OR = 2.38; 95% CI 1.39–4.08), and being a woman for the neck
(OR = 2.64; 95% CI 1.51–4.61).
CONCLUSIONS: There is a high WRMSDs symptoms prevalence in Western Switzerland radiographers. Radiographers’
work demands namely for awkward postures increases the odds for WRMSDs symptoms presence, affecting predominantly
neck, upper and lower back. Our data suggest that further research is needed to implement adapted prevention to this specific
context.
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1. Introduction

Work-related musculoskeletal disorders
(WRMSDs) are a significant occupational health
concern threating workers’ health and resulting from
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an imbalance between work demands and workers
characteristics and capacities [1].

Radiographers are amongst health professionals
presenting a high prevalence of WRMSDs symp-
toms [2–4]. However, prevalence, and symptoms are
slightly dependent on the type of studies and imaging
modalities that are assessed [3–6]. Previous stud-
ies dedicated to diagnostic radiographers showed a
prevalence ranging from 67% [3] to 93% [2] of
WRMSDs with back, neck and upper limbs, as the
most affected anatomical regions [3, 7]. In other
imaging specialties such as sonography, radiogra-
phers showed to be particularly exposed to several
risk factors with a prevalence of WRMSDs over 90%
[4]. The neck, shoulder, and wrist/hand are the most
affected anatomical areas [8, 9], notably due to spe-
cific wrist and body movements during the ultrasound
scanning [9]. WRMSDs are also present amongst
therapeutic radiographers, with main complaints on
low back, neck, and shoulders [5, 8, 10].

The prevalence and symptoms associated to
WRMSDs shows that radiographers are exposed to
occupational risk factors [2, 11–14], namely awk-
ward postures adopted during patient positioning and
equipment handling, notably in conventional radio-
graphy, mammography and radiotherapy [5, 7, 15,
16]. The use of force is another ergonomic risk fac-
tor observed in main radiographers’ activities during
the manipulation of X-ray tubes, mobile radiography
and ultrasound probes [4, 16, 17], but also during
patient handling as well. Indeed, the manipulation
of obese, elderly and passive patients can promote
or aggravated muscular disorders due to the lack of
patient participation [18, 19]. The static work, repet-
itive movements and tasks over long periods were
observed and revealed to be problematic [2, 4, 14,
15, 17]. The organizational and psychological factors
also seem to be important contributors of WRMSDs
in radiographers [5, 16, 18] due to the increased
workload, growing complexity of medical imaging
examinations and intensification of interdisciplinary
interactions. The mental and psychosocial burden
associated to the activities can cause systemic stress
reactions, which can contribute to increase the risk of
WRMSDs [12, 16, 20].

Radiographers tend to postpone the treatment of
their injuries having as main consequences the absen-
teeism, early retirements, loss of performance and
productivity, which leads also to a financial and social
burden [21, 22]. For this reason, radiographer’s work
must be analyzed to implement preventive measures
allowing the improvement of work conditions and

occupational health in order to reduce WRMSDs
consequences [23]. However, current studies focused
on radiographers’ activity are still scarce in Swiss
context and the existing literature focuses only diag-
nostic radiographers and/or sonographers, making it
difficult to have an overview of the musculoskele-
tal health in the three radiography fields (diagnostic
and interventional radiography, nuclear medicine,
and radiotherapy). To prevent accurately WRMSDs
symptoms in radiographers, further investigation is
necessary specially in Switzerland to have a com-
prehensive understanding of radiographers in Swiss
context and activities, in all imaging fields.

The aim of this study was to characterize
WRMSDs symptoms of radiographers working in
the three fields available in Western Switzerland, by
identifying the prevalence and severity of WRMSDs
symptoms. Investigation of associations between
WRMSDs symptoms and occupational risk factors
and participants characteristics were also carried out.

This study gives a contribution to the radiographers
working in medical imaging departments namely in
(i) increasing awareness of healthcare stakeholders
and policy makers about musculoskeletal health sta-
tus of radiographers of Western Switzerland; (ii)
as well as in identifying the risk factors related to
WRMSDs symptoms; (iii) to facilitate a better coop-
eration between all actors involved in this field to
help in the future the creation of a better depart-
ment and equipment design; (iv) and to elaborate
occupational health prevention programs to reduce
WRMSDs symptoms and prevalence.

2. Materials and methods

2.1. Study context

A cross-sectional study was conducted between
September 7th and October 31st, 2020, to assess
radiographers’ WRMSDs symptoms prevalence,
severity, and occupational risks factors in Western
Switzerland. The study was conducted according to
the guidelines of the Declaration of Helsinki, and
approved by the Vaud Swiss Ethics Committee (pro-
tocol code 2020-011774 on 05/08/2020).

2.2. Data collection and participants

A survey was designed in French to characterize
radiographers’ WRMSDs symptoms by identifying
the prevalence, severity, and associated occupational
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risk factors. The survey was tested with a group of
12 radiographers (4 radiographers per imaging field)
ensuring tool consistency, before being distributed to
all Western Swiss radiographers.

Swiss Western radiographers were estimated at
1’952 in 2020 [24, 25]. The inclusion criteria of this
study were: being a radiographer of Western Switzer-
land currently working in clinical practice and being
actively employed during the last 12-months.

An invitation containing the survey’s link was
emailed to the chief-radiographers’ members of
“Collège des Chefs TRM” (CCTRM) and to the clin-
ical practice partners of the “Haute Ecole de Santé
de Vaud” (HESAV), asking them to transfer it to all
their collaborators. Other recruitment methods were
used, namely social network communications chan-
nels (e.g., LinkedIn) and the radiographers’ Swiss
professional association (ASTRM). Reminder emails
and posts on social network were used within this
period to encourage radiographers to complete the
survey.

The survey was distributed using the LimeSur-
vey software (version 3.20.1) and it was composed
by an enclosure letter used as a consent form and
other 6 sections requiring: A. Individual factors; B.
Professional background factors; C. Self-reported
WRMSDs and symptoms severity; D. Ergonomic and
physical factors; E. Organizational and psychosocial
factors; F. Remarks and comments.

Informed consent was obtained from all subjects
involved in the study. The data was confidential
and only accessible to authorized persons within the
research project’s scope.

Respondents were characterized through 17 ques-
tions (section A) namely: gender, date of birth,
weight, height, general health, sports activity,
tobacco, alcohol, and energy drinks consumma-
tion, use of pain medication, medical consultations,
rehabilitation treatments, present diseases/health
problems and self-reported MSDs. Thirteen ques-
tions enquired about the work characteristics (section
B), specifically: years of practice, professional func-
tion, years working in the current institution, type
of institution, work percentage, shift type, imag-
ing modalities practiced, working days per imaging
modality, due to its possible impact on WRMSDs
development [2, 7, 12, 26].

In this study, the “self-reported WRMSDs symp-
toms section” (section C) was assessed based on
a French version of Nordic Musculoskeletal Ques-
tionnaire (NMQ) already validated in French [27].
The NMQ is a standardizer questionnaire, world-

wide applied, especially in the healthcare sector
to detect and analyze musculoskeletal symptoms
[28]. The NMQ allows the self-report of WRMSDs
symptoms for nine anatomical regions: neck, upper
back, low back, shoulder(s), elbow, wrist(s)/hand(s),
hip(s)/thigh(s), knee(s), or ankle(s)/feet within the
last 12 months and the last 7 days [29, 30]. The symp-
toms severity was assessed through work absence
and its length in the last 12 month and new ques-
tions about pain intensity using Numeric Pain Rating
Scale (NPRS) and pain intensity in the last 7 days
were added based on a Portuguese version of NMQ
[31–33]. Fourteen additional questions were also
employed to identify the most affected body regions
by imaging modality performed in clinical practice.

The ergonomic risk factors (section D) were
assessed by one question of 5 statements cov-
ering awkward posture adopted, use of force,
prolonged static position and repetitive movements.
The physical risk factors were assessed through
7 statements (section D), including radiological
equipment, physical environment, service layout,
workspace, radiological accessories, IT equipment,
and furniture. Both questions were rated with a 4-
point Likert scale, one for frequency (ergonomic
factors), and the other for adequacy (physical factors).
Data management was carried out to assign numbers
to anchor terms.

The organizational/psychosocial dimension (sec-
tion E) covered different dimensions: work pace, time
allocated to complete the tasks, requirement of full
attention, autonomy, quality of interactions with the
hierarchy, colleagues, and other healthcare workers,
satisfaction at work, and anxiety/stress.

2.3. Study variables and data analysis

According to the nature of variables, descrip-
tive and associative statistics were used to perform
data analysis. For statistical analysis, responses were
grouped in “Never/Sometimes”, “Often/Always” or
“Totally/Mostly inadequate”, “Mostly/Totally ade-
quate” and “Don’t know/Not applicable” according
to the item assessed. New variables were created
from individual characteristics raw data as “age” from
the “date of birth”, “Body Mass Index (BMI)” from
“height” and “weight” variables. Radiographers’
functions allowed the definition of radiographers’
practice as “radiographers” or “radiographers and
other function(s)”. Other categories were grouped
(e.g., frequency of shifts was grouped into two cate-
gories: “Never/Sometimes” and “Often/All the time”
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and general health status in “Very good/Good” and
“Very bad/Bad/Moderate”) to meet the needs of sta-
tistical analysis. Statements were rated by a 4-points
Likert scale indicating the agreement with the state-
ment, and anchor terms were labelled with numbers
and regrouped in two categories (“Totally/Mostly dis-
agree” and “Mostly/Totally agree”) for data analysis.

Descriptive statistics were mainly used to describe
participants’ characteristics (e.g., age, gender, years
of experience), prevalence and severity of WRMSDs
(WRMSDs rates, work absence, work absence length,
pain intensity and frequency). Quantitative variables
were presented with mean, and standard deviation
(SD) (e.g., age, year of experience) while quali-
tative variables were analyzed with modal value,
median and contingency tables (e.g., gender, gen-
eral health status, smoker status). In this study, the
4-point Likert scales were considered as ordinal data
[34]. Univariate statistical test, namely, chi-square
test and exact Fisher test were used to explore associ-
ations of WRMSDs symptoms (for both time periods
separately) with participants characteristics and risk
factors’ variables. The results with a level of signif-
icance above 0.05 were considered as significantly
associated. Odd ratios (OR) were used to measure
the association between the risk factors and the most
common symptoms compared to a reference group,
and the 95% confidence intervals (CI) were respec-
tively reported. Stata, version 16.0 (StataCorp LP,
College Station, TX, USA) and Microsoft® Excel
(version. 16.43) were used for data management and
data analysis.

3. Results

3.1. Response rate and participants’
characteristics

This study did not intend to be representative of
Swiss radiographers due to the voluntary basis of
the survey. 437 radiographers from Western Switzer-
land answered the questionnaire but 78 did not meet
the inclusion criteria (currently working in clinical
practice and actively employed during the last 12-
months) being excluded from the analysis. A total of
359 questionnaires were analyzed.

The participants were predominantly women
(64.3%). The mean age was 40 ± 11 years ranging
from 22 to 65 years old. Out of 359 participants,
76.6% did not smoke and 64.1% practiced regu-

larly physical activities. The majority (85.0%) of
the participants perceived their general health sta-
tus as “good” or “very good”, having a low (30.6%)
consummation of medication in the last 7 days;
20.9% consulted a doctor more than 4 times a year
and 12.0% underwent rehabilitation treatment during
this study. Out of 339, 110 respondents had dis-
eases or health disorders, with 68.5% reporting health
problems impacting negatively their musculoskeletal
system.

The mean professional experience was 15 ± 12
years, with at least 11 ± 10 years spent in the cur-
rent institution. The participants worked mainly in
full time (52.1%), with 98.3% working often during
the day, 20.1% during nightshifts and 9.5% being on-
call. The majority (68.3%) of radiographers did not
have any other role than standard clinical practice,
while 31.7% had “other activities” as chef, or imaging
modality manager, researcher or radiation protection
expert.

The highest proportion (73.8%) of radiographers
worked in diagnostic and interventional radiology,
16.4% worked in radiotherapy and 9.8% in nuclear
medicine. The diagnostic radiographers practiced
at least 4 (out of 6) imaging modalities, while
nuclear medicine radiographers worked in 3 (out of
3) and therapeutic radiographers in 2 (out of 3). In
diagnostic, most radiographers were working in con-
ventional radiology (n = 242), followed by Computed
Tomography (CT) (n = 192), Magnetic Resonance
Imaging (MRI) (n = 152), ultrasound (n = 99), inter-
ventional radiology (n = 96) and mammography
(n = 95). In nuclear medicine (NM), radiographers
equally worked at Single Photon Emission Com-
puted Tomography (SPECT) and Positron Emission
Tomography (PET) (n = 34), while a smallest num-
ber worked in laboratories (n = 24). Most therapeutic
radiographers were applying therapy and/or per-
forming CT/MRI simulation (respectively, n = 55
and n = 41), while a minority worked as dosimetrist
(n = 23). Other activities (e.g., management, research,
training, expertise) were practiced by a high pro-
portion of nuclear medicine radiographers (51.4%),
in contrast to therapeutic (25.4%) and diagnostic
(18.9%) radiographers.

Almost all participants were working in the pub-
lic sector (74.9%), almost equally distributed in
university (n = 127) and non-university (n = 142)
institutions; 25.1% worked in private or semi-private
institutions (n = 90). In public institutions, radiog-
raphers provided frequently care to outpatients and
inpatients almost equally (respectively 94.1% and
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Fig. 1. WRMSDs symptoms prevalence in radiographers during the last 12 months, last 7 days and work absence in last 12 months.

85.5%), in contrast with the private institutions
(respectively, 97.8% and 31.1%).

3.2. Prevalence and severity of WRMSDs
symptoms

Based on the total of participants (n = 359), 94.7%
presented WRMSDs symptoms in the last 12 months,
and 67.7% in the last 7 days (Fig. 1). The main
affected anatomical areas identified by radiographers
in last 12 months were neck (73.0%), low back
(67.4%), shoulders (55.7%) and upper back (44.9%)
(Fig. 1).

In last 7 days, the regions predominantly reported
as painful were neck (36.8%), low back (35.7%),
upper back (22.3%) and shoulders (21.7%) (Fig. 1).
Amongst diagnostic radiographers, the most affected
regions were neck, lower and upper back, while for
MN and RT radiographers reported neck, low back
and shoulders.

The assessment of the severity of the symptoms
revealed that 15.6% (56/359) had a work absence
in the last 12 months mainly due to pain in the
low back region (6.7%), wrists/hands (2.8%) and
upper back (2.8%) (Fig. 1). However, the anatom-
ical regions with the longer absences were related
to the elbows (202 ± 154 days), shoulders (97 ± 129
days) and neck (85 ± 118 days). According to radio-
logical field, the work absences were more frequent
in nuclear medicine (Nuclear Medicine = 28.6%;
Radiotherapy = 20.3%; Diagnostic = 12.8%) but were
longer in diagnostic field (for any anatomical
region).

The analysis of musculoskeletal symptoms, in
terms of pain intensity in last 7 days, revealed that

49.9% of the total participants (179/359) suffer from
moderate or severe pain intensity (corresponding to a
pain ranging from 4 to 7 on the NPRS). Among symp-
tomatic radiographers, the majority (from 50.0% to
80.0% depending on the anatomical regions and radi-
ological field) had a peak of pain intensity from
moderate to severe in the last 7 days. The pain
intensity (median) was slightly higher for shoulders,
wrists/hands, and low back.

Concerning the pain frequency in the previous
7 days, 40.9% of participants felt the symptoms
in any anatomical region “often/every day” in the
last 7 days. Among symptomatic radiographers, this
number reached 76.1% of radiographers depending
the on anatomical region. The anatomical regions
most affected by the high frequency of pain were
feet (76.1%), hands/wrists (65.9%), elbows (64.3%),
hips/thighs (61.3%) and shoulders (51.3%) com-
pared to other anatomical regions where the pain was
“rarely/sometimes present”.

3.3. Associations between WRMSDs symptoms
and risk factors

Lower back was reported as the most affected
anatomical region by the 68.8% of the radiogra-
phers that self-associated WRMSDs symptoms with
imaging modalities/activities, except for laboratory
activities where shoulders and wrists/hands were
highlighted, and dosimetry and “other activities”,
both mainly affecting the neck. The statistical tests
showed that there was no significant differences
between radiological fields in terms of WRMSDs
symptoms (p > 0.05 for all anatomical regions in the
last 12 months and 7 days). Since no association could
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Table 1
WRMSDs symptoms in the neck significantly associated with risk factors (last 12 months)

Risk factors Categories OR 95% CI P-value
global test

Awkward postures Never/Sometimes 1.00
Often/Always 2.15 1.33–3.49 0.001

Physical environment Totally/Mostly adequate 1.00
Totally/Mostly inadequate 1.91 1.13–3.25 0.015

Workspace Totally/Mostly adequate 1.00
Totally/Mostly inadequate 1.82 0.99–3.34 0.050

Furniture Totally/Mostly adequate 1.00
Totally/Mostly inadequate 1.89 1.11–3.23 0.018

Autonomy in professional activity Totally/Mostly agree 1.00
Totally/Mostly disagree 1.87 1.03–3.39 0.035

Gender Men 1.00
Women 1.90 1.17–3.08 0.008

Diseases or health disorders No 1.00
Yes 2.22 1.26–3.92 0.005

Table 2
WRMSDs symptoms in the low-back significantly associated with risk factors (last 12 months)

Risk factors Categories OR 95% CI P-value
global test

Awkward postures Never/Sometimes 1.00
Often/Always 2.86 1.78–4.58 >0.001

Physical force Never/Sometimes 1.00
Often/Always 2.18 1.30–3.65 0.002

Radiological equipment Totally/Mostly adequate 1.00
Totally/Mostly inadequate 1.93 1.01–3.69 0.042

Not feeling anxiety/stress Totally/Mostly agree 1.00
Totally/Mostly disagree 1.80 1.11–2.91 0.016

Gender Men 1.00
Women 1.60 1.01–2.53 0.043

be statistically demonstrated, data were analyzed for
radiographers as a group for the two most affected
anatomical regions in the last 12 months and 7 days,
namely neck and low back. Only risk factors present-
ing a high probability (OR > 2) were described below.
Other significant results are presented in Tables 1–4.

3.3.1. WRMSDs symptoms in the last 12 months
and risk factors

The chances of developing WRMSDs symptoms
in the neck in the last 12 months were significantly
high (OR >2) for radiographers working frequently in
awkward postures during their occupational activities
(OR = 2.15; 95% CI 1.33–3.49) and having previ-
ous health issues (OR = 2.22; 95% CI 1.26–3.92)
(Table 1). Radiographers adopting frequently awk-
ward postures and exerting frequently physical force
to perform their activities had a higher probability
(OR >2) of having symptoms in low back (respec-
tively OR = 2.86; 95% CI 1.78–4.58 and OR = 2.18;
95% CI 1.30–3.65) (Table 2).

3.3.2. WRMSDS symptoms in the last 7 days and
risk factors

The effects of assuming awkward postures were
considered significantly important for the neck
(OR = 2.01; 95% CI 1.21–3.34), as well as exert-
ing force frequently (OR = 2.03; 95% CI 1.09–3.77)
or being a woman (OR = 2.64; 95% CI 1.51–4.61)
(Table 3). The chance of having WRMSDs symp-
toms in low back was doubled for radiographers
“feeling anxiety/stress at work” (OR = 2.38; 95%
CI 1.39–4.08) and presenting previous health issues
(OR = 2.39; 95% CI 1.35–4.25) (Table 4).

4. Discussion

The findings of this study reveal that radiogra-
phers from Western Switzerland presented a set of
musculoskeletal symptoms that they felt as related to
work and workplace conditions/organization. A high
prevalence of WRMSDs symptoms was observed
in the last 12 months, affecting several anatomical
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Table 3
WRMSDs symptoms in the neck significantly associated with risk factors (last 7 days)

Risk factors Categories OR 95% CI P-value
global test

Awkward postures Never/Sometimes 1.00
Often/Always 2.01 1.21–3.34 0.006

Physical force Never/Sometimes 1.00
Often/Always 2.03 1.09–3.77 0.023

Long/numerous reaches Never/Sometimes 1.00
Often/Always 1.84 1.10–3.05 0.018

Enough time to complete the volume of work Totally/Mostly agree 1.00
Totally/Mostly disagree 1.64 1.01–2.68 0.048

Not feeling anxiety/stress Totally/Mostly agree 1.00
Totally/Mostly disagree 2.00 1.20–3.34 0.007

Gender Men 1.00
Women 2.64 1.51–4.61 >0.001

Diseases or health disorders No 1.00
Yes 1.80 1.07–3.02 0.025

Table 4
WRMSDs symptoms in the low-back significantly associated with risk factors (last 7 days)

Risk factors Categories OR 95% CI P-value
global test

Not feeling anxiety/stress Totally/Mostly agree 1.00
Totally/Mostly disagree 2.38 1.39–4.08 0.001

Gender Men 1.00
Women 1.96 1.12–3.41 0.016

Diseases or health disorders No 1.00
Yes 2.39 1.35–4.25 0.002

regions: neck, low back, upper back, and shoulders.
Similar results were also observed in other stud-
ies carried out internationally on radiographers and
nurses with a prevalence of symptoms ranging from
67.0 to 98.3% [35–37]. Some differences, however,
emerged regarding the affected anatomical regions,
which may be explained by the specificities of each
radiographer work context, such as occupational
tasks demands and available resources, patient char-
acteristics, radiological equipment manipulation, and
work environment. Studies on 7-days prevalence of
WRMSDs symptoms were missing concerning radio-
graphers but it can be noted that the same anatomical
regions remain affected during the last 12 months and
7 days (neck, low back, upper back, and shoulders).
The consistency of symptoms over time suggests
that modalities and/or tasks continuously performed
by the radiographers stressed the same anatomical
regions.

Musculoskeletal disorders affect radiographers’
general health but frequently also their professional
practice, having as potential consequences loss of
productivity, absenteeism, early retirement or in some
cases the end of their career [38]. Since the WRMSDs
symptoms presence and high pain severity induced

a higher rate of absenteeism [13, 22, 36], it was
expected that radiographers with these conditions
would have also a high absenteeism, as observed
(15.6%). Furthermore, pain intensity and frequency
noted in this study were also indicators of WRMSDs
severity since the length of absenteeism is typically
proportional to the pain severity [36]. Results should
be considered in the risk management and prevention
strategies of WRMSDs to reduce the frequency and
length of work absences. The impact of WRMSDs is
not limited to the concerned radiographers since the
loss of productivity and absenteeism impact all imag-
ing department by increasing the workload and work
pace to other radiographers to keep the department’s
performance, which can create tensions and stress in
the remaining team and, consequently an increased
risk of new injuries [38].

In this study, almost 70% of participants self-
associated musculoskeletal symptoms with imaging
modalities practiced, being low back pain the most
common symptom. An interesting exception was
NM laboratory activity which was affecting mostly
wrists/hands, suggesting that the manipulation of
small and heavy equipment is demanding for this
anatomical region. Since wrists/hands symptoms
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were not prevalent in this study, it may be important to
take in account this observation into future prevention
strategies: i) reduction of WRMSDS symptoms in
general or ii) reduction of WRMSDs in a specific
activity/imaging modality. Further research is needed
for a better understanding since in Western Switzer-
land, radiographers can practice in more than one
imaging modality.

Associative analyses highlighted some of
ergonomic, physical, organizational/psychosocial
risk factors, and radiographer gender as the main
factors increasing the risk of WRMSDs in neck and
low back, which is consistent with the multifactorial
nature of these occupational health disorders [19,
22]. In this study, the risk of neck and low back
injuries was increased by 2 ergonomic factors
such as working in awkward postures and physical
force demands. These factors have previously been
identified as common sources of WRMSDs in
radiographers [3, 16] since they need to handle the
patient, the equipment, and respective accessories
as part of their daily tasks. Inadequate physical
environment, radiological equipment and furniture
were also found as sources of neck and low back pain
in last 12 months, which was expected since absence
of adequate ergonomic conditions affects workers’
safety and health [39]. Besides ergonomic and
physical risk factors, organizational/psychosocial
factors were recognized as contributing and/or
aggravating WRMSDs symptoms in healthcare
workers, also in medical imaging departments [6,
18, 35, 40, 41]. Freimann et al. [42] identified work
pace, low justice and respect in the workplace,
influence on work organization, role conflicts and
somatic stress as symptoms affecting WRMSDs
occurrence in nurses, as Augner and Kaiser [18]
did for depressive symptoms in radiographers.
These earlier studies are in line with the present
work, regarding the time allocated to complete the
tasks, and mental health issues as anxiety/stress.
The psychological load may be related to working
on their own for most radiographers’ occupational
activities (e.g., under patients’ pressure) and facing
organizational constraints of workflow. High work-
load may be responsible for WRMSDs symptoms,
dissatisfaction, and resentment of staff negatively
impacting on patient safety [38]. This study results
also evidenced a relation between radiographers’
WRMSDs symptoms in neck and low back with
their individual characteristics, namely gender.
Higher odds for women associations with WRMSDs
symptoms shows the need of integrating this factor in

the risk assessment, to have a successful prevention
program [21, 37].

This work provides knowledge of Western Swiss
radiographers that can be used by imaging depart-
ments, occupational health departments, health
policies, and medical equipment designers to improve
working conditions and to prevent workers’ health-
care risks. Indeed, the findings gave a WRMSDs
symptoms baseline in terms of prevalence and sever-
ity, as well as the main risk factors. Occupational
health prevention programs are especially important,
since radiographers’ health outcomes are expected
also to influence patient safety [43, 44]. Interven-
tions could be initiated based on the study’s findings
to address WRMSDs health problems and associated
economic costs.

Nevertheless, further studies are needed to acquire
a more comprehensive evaluation of the associations
between the symptoms and specific tasks performed
by radiographers, by imaging modality, similarly to
other studies [32, 45]. To ensure a successful inter-
vention based on the research results, all stakeholders
must be included, mainly radiographers, since they
are work experts in their professional activity, having
an important role to play in solutions development
and implementation success [44, 46], as well as
the industry, designers and managers. An ergonomic
approach could be used to improve working con-
ditions since all risk factors dimensions need to be
considered, mainly those that are conducting to the
most prevalent symptoms.

One of the limitations of this study is related to the
fact that the survey was disseminated only in French
and only in Western Switzerland and it cannot be gen-
eralized to all Switzerland. The voluntary basis of the
survey may have induced a non-response bias, which
cannot be excluded since non-response analysis could
not be performed due to lack of data. The survey
was running during a pandemic period which could
impact the response rate despite several reminders.

5. Conclusions and recommendations

Radiographers work-related musculoskeletal dis-
orders symptoms revealed to be an occupational
health issue in Western Switzerland. The high preva-
lence of WRMSDs symptoms in the last 12 months
(94.7%) and last 7 days (67.7%) affects predomi-
nantly neck, lower and upper back and shoulders.
In terms of severity, there is a high absenteeism
rate (15.6%), which may be related to the high pain
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intensity and frequency observed amongst partici-
pant radiographers. Working in awkward postures
and exerting force frequently revealed to be the main
risk factors significantly (p < 0.05) affecting neck and
low back within the last 12 months, and neck and
shoulders in the last 7 days (OR >2).

Radiographers stress and anxiety at work and being
a woman radiographer were also risk factors for
WRMSDs symptoms presence (OR >2).

Since WRMSDs symptoms affect healthcare
workers’ general health, the quality of care and
patient safety can suffer impacts, being important
to make all stakeholders aware of this problem.
These results contribute to understanding the rela-
tionships between work demands and radiographers
health that allow emphasizing the need of improv-
ing work conditions, providing a safe environment,
and reducing the risk of occupational injuries. Fur-
thermore, considering the multifactorial nature of
WRMSDs, prevention programs are needed to reduce
or eliminate occupational risk factors, decreasing the
prevalence of WRMSDs symptoms amongst radiog-
raphers. Further studies are required to attain a better
understanding of the issues and to complete the find-
ings for Swiss radiographers.
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la Santé; 2004 [cited 2020 Fev 4]. Available online:
https://apps.who.int/iris/handle/10665/42802.

[2] Daniel SV, Umar MS, Ahmad NM, Joseph ZD. Work-
related musculoskeletal disorders: Revalence among
clinical radiographers in teaching hospitals in North-
Western Nigeria. J Radiogr Radiat Sci. 2018 [cited 2020
May 2];32(1):57-63. Available from: https://www.research
gate.net/publication/325345157 Work-Related Musculosk
eletal Disorders Prevalence Among Clinical Radiographe
rs in Teaching Hospitals in North-Western Nigeria

[3] Lorusso A, Bruno S, L’Abbate N. Musculoskeletal com-
plaints among Italian X-ray technologists. Ind Health.
2007 [cited 2020 Nov 17];45(5):705-8. Available from:
https://doi.org/10.2486/indhealth.45.705

[4] Tinetti CJ, Thoirs K. Prevalence, risks, underlying mech-
anisms, preventative guidelines, and interventions of
sonographer work-related injuries: A literature review.
Sonography. 2019 [cited 2020 Dec 17];6(4):164-77. Avail-
able from: https://doi.org/10.1002/sono.12187

[5] Griffin H. Work-related musculoskeletal disorders in radia-
tion therapists: An exploration of self-reported symptoms.
Master thesis, Ohio State University, Ohio State, 2018.

[6] Pompeii LA, Lipscomb HJ, Dement JM. Surveillance of
musculoskeletal injuries and disorders in a diverse cohort
of workers at a tertiary care medical center. Am J Ind Med.
2008 [cited 2020 Dec 17];51(5):344-56. Available from:
https://doi.org/10.1002/ajim.20572

[7] Kumar S, Moro L, Narayan Y. Morbidity among X-ray
technologists. Int J Ind Ergon. 2004 [cited 2020 Fev
20];33(1):29-40. Available from: https://doi.org/10.1016/j.
ergon.2003.06.002

[8] Evans K, Roll S, Baker J. Work-Related musculoskeletal
disorders (WRMSD) among registered diagnostic medi-
cal sonographers and vascular technologists. Journal of
Diagnostic Medical Sonography. 2009 [cited 2020 Fev
20];25(6):287-99. Available from: https://doi.org/10.1177/
8756479309351748

[9] Ransom, E. The causes of musculoskeletal injury amongst
sonographers in the UK. Society of Radiographers. 2002
[cited 2020 Fev 20]. Available online: https://www.
soundergonomics.com/pdf/SCOR-MSI Book.pdf

[10] Hanania AN, Cook A, Threadgill MP, Conway SH,
Ludwig M. Prevalence of musculoskeletal work-related
injuries among radiation therapists [Abstract]. Radi-
ologic Technology. 2020 [cited 2020 Fev 20];91(5).
https://doi.org/10.1016/S0360-3016(19)30510-3

[11] Alhasan M, Abdelrahman M, Alewaidat H, Almhdawi K,
Nazzal M. Work-related stress, musculoskeletal disorder
complaints, and stress symptoms among radiographers in
the northern part of jordan. J Med Imaging Radiat Sci.
2014 [cited 2020 Mar 20];45(3):291-8. Available from:
https://doi.org/10.1016/j.jmir.2014.04.002

[12] Hulls PM, Money A, Agius RM, de Vocht F. Work-
related ill-health in Radiographers. Occup Med. 2018
[cited 2020 Fev 15];68(6):354-9. Available from:
https://doi.org/10.1093/occmed/kqy076

[13] Maumet S, De Gaudemaris R, Caroly S, Balducci F.
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le Médecin du Travail, 2007, pp. 509-17. Inserm-00232629
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