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DISORDERS IN NURSES: SYSTEMATIC REVIEW
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Abstract

Introduction: Nurses are at high risk of musculoskeletal disorders (MSDs). Ergonomic
interventions, exercise, and workplace strategies may reduce this risk. This study aimed to
identify effective interventions for preventing and managing MSDs and musculoskeletal pain
(MSP) among nurses using ergonomic approaches.

Methods: A systematic review of PubMed and CINAHL studies was conducted according
to PRISMA guidelines. Randomized and quasi-randomized controlled trials evaluating
ergonomic approaches were included and assessed using the Cochrane RoB2 tool.

Results: Several ergonomic and multicomponent interventions were associated with reduced
MSP and/or risk indicators among nurses. Educational, exercise, physiotherapy, and CBT
components improved posture, strength, and functional outcomes in some studies, although
effects varied by setting, intervention type, and measured outcomes. Mechanical lifting
devices and digital exercise support were linked to reduced manual handling demands, lower
pain and fatigue, and improved perceived safety.

Discussion and conclusion: Evidence suggests ergonomic education, structured exercise, and
multicomponent workplace programs may reduce MSP and improve physical and psychosocial
outcomes among nurses, although findings were heterogeneous. Technological aids may
reduce workload and improve safety during patient handling. Small samples, heterogeneous
interventions, and short follow-up limit generalizability, highlighting the need for larger trials.

Keywords: Ergonomic interventions; Musculoskeletal pain; Nursing staff;

Workplace strategies

INTRODUCTION

Musculoskeletal pain and work-related mus-
culoskeletal disorders are highly prevalent
among nursing staff due to patient handling,
repetitive tasks, and sustained awkward pos-
tures, representing a major cause of reduced
work ability, sickness absence, and disability
(Krishnan et al., 2021; Mitseas et al., 2023;
WHO, 2022). In this review, the term mus-
culoskeletal pain (MSP) refers to pain symp-
toms, whereas musculoskeletal disorders
(MSDs) denote clinically or work-related di-
agnosed conditions. These problems can be
a leading cause of disability, either resulting
from work-related accidents or directly caused
by occupational strain, which also entails sig-
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nificant financial consequences (Cezar-Vaz et
al., 2023).

Although various preventive measures ex-
ist, their implementation in clinical practice
remains challenging. Effective prevention and
management of musculoskeletal disorders
among nursing staff often require multicom-
ponent interventions tailored to specific work
tasks, organizational contexts, and existing
equipment (Rasmussen et al., 2022; Serra et
al., 2019; Sousa et al., 2023). In response to
this need, workplace interventions have been
developed to reduce biomechanical load, alle-
viate MSP, and support nurses’ ability to re-
main at work (Sepehrian et al., 2024).

Ergonomic interventions aim to optimize
the fit between job demands and workers’
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physical capabilities by improving work tech-
niques, work organization, and the use of as-
sistive devices, thereby reducing biomechani-
cal strain and the risk of work-related MSDs
(CDC and NIOSH, 2024). These approaches
are frequently combined with structured exer-
cise programs and psychosocial components,
such as CBT, to address both physical and
psychosocial risk factors associated with MSP
(Albanesi et al., 2022; Stevens et al., 2019).

Previous studies suggest that participa-
tory ergonomics, physical exercise, and cog-
nitive-behavioral techniques (CBT) may be
particularly relevant for preventing and man-
aging low back pain (LBP) and other MSD-re-
lated outcomes among nursing staff (Russo
et al., 2021; Stevens et al., 2019). However,
existing evidence is heterogeneous in terms
of intervention components, duration, and
outcome measures, and results across stud-
ies are not always consistent. This variability
highlights the need for a systematic synthesis
of high-quality evidence focusing specifically
on ergonomic approaches in nursing popula-
tions.

Therefore, the aim of this systematic re-
view was to identify and synthesize evidence
from randomized and quasi-randomized con-
trolled trials (RCTs) on the effectiveness of
ergonomic interventions in preventing and
managing musculoskeletal disorders and pain
among nursing staff. The research question
guiding this review was: Which interventions
are most effective in preventing and managing
musculoskeletal disorders and pain among
nursing staff through the application of ergo-
nomic approaches?

MATERIALS AND METHODS

Following PRISMA guidelines, a systematic
literature review was conducted to gather and
analyze relevant studies from PubMed and
CINAHL databases. Diagram 1 presents the
PRISMA flowchart, illustrating the selection
process of articles for this review. The follow-
ing search strategy was used: (“nursing” OR
nurs*) AND (musculoskeletal OR pain) AND
(prevent* OR management OR control OR
avoidance OR intervention* OR exercise OR
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effect*) AND (ergonomics OR ergonomy OR
ergonomic OR “ergonomic approach”). The
literature searches were carried out on August
20, 2025.

The inclusion criteria required randomized
and quasi-randomized clinical trials that fo-
cused on the prevention and management of
musculoskeletal disorders and pain among
nursing staff through the implementation of
ergonomic approaches. RCTs were included
because they provide the highest level of ev-
idence and are considered the gold standard
(Fernainy et al., 2024). The exclusion criteria
included studies that were thematically irrel-
evant, as well as article types such as qualita-
tive research, duplicates, editorials, protocols,
and non-peer-reviewed contributions. Study
selection and data extraction were conducted
independently by two reviewers. Disagree-
ments were resolved through discussion and,
when necessary, by consensus with a third re-
viewer. The systematic literature review was
limited to studies published in English, with
no restrictions applied to the publication pe-
riod. Included RCTs were assessed using the
revised Cochrane Risk of Bias Tool for Ran-
domized Trials (RoB2) (Sterne et al., 2019).
Items from the checklist were judged as hav-
ing a low risk of bias, some concerns, or a high
risk of bias. Total scores were used to grade
the methodological quality of each study. Due
to heterogeneity in intervention components
and outcome measures, results were synthe-
sized narratively and reported by intervention
category.

RESULTS

Study selection

As shown in Diagram 1, a total of 55 articles
relevant to the research topic were identified
through searches in the PubMed and CINAHL
databases. The search results were exported
to the EndNote X21 software, and duplicat-
ed studies were removed using this software.
Eight articles were excluded as duplicates,
and 22 were excluded based on the exclusion
criteria. A total of 25 full-text articles were
analyzed, of which 16 were included in the
systematic literature review.
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Identification of studies via databases and registers

c Records identified from: Records removed before
2 screening:
‘g PubMed (n = 46)
% CINAHL (n = 9) - Duplicate records removed
§ Registers (n = 0) (n=8)
Records marked as ineligible by
automation tools (n = 0)
A4
Records screened Records excluded (n = 22)
(n=47) _| Wrong population (n = 20)
Wrong study design (n = 2)
\ 4
[=2]
g Reports sought for retrieval Reports not retrieved
8 (n=25) (n=0)
(5]
(7]
Reports assessed for eligibility Reports excluded (n = 9)
(n=25) | Wrong population (n =7)
— Wrong study design (n = 2)
A4
Studies included in review
(n=16)
Reports of included studies
(n=0)

Diagram 1 — Flow chart based on the PRISMA methodology

Study characteristics

The main characteristics of the included RCTs
are summarized in Table 1. Table 1 provides
detailed information on country of origin,
nursing role, and clinical setting for all includ-
ed RCTs.

Across the 16 included RCTs, study pop-
ulations varied substantially by nursing role
and setting. Participants included registered
nurses in specialized units (e.g., hemodialysis
and operating rooms) (Abdollahi et al., 2020;
Lee et al., 2024; Moazzami et al., 2015), hos-
pital nursing assistants (Moreira et al., 2021;
Menzel et al., 2006; Yassi et al., 2001), and
nurse aides working in eldercare/long-term
care settings (Rasmussen et al., 2015, 2016;
Stevens et al., 2019).

Among the included RCTs, four were con-
ducted in Denmark (Rasmussen et al., 2015,
2016; Stevens et al., 2019; Warming et al.,
2008), two in Spain (Soler-Font et al., 2019,
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2021), and two in Iran (Abdollahi et al., 2020;
Moazzami et al., 2015), while one study each
was conducted in Taiwan (Lee et al., 2024),
Brazil (Moreira et al., 2021), the United States
of America (Menzel et al., 2006), Canada
(Yassi et al., 2001), Germany (Ewert et al.,
2009), Hungary (Jaromi et al., 2012), Turkey
(Akyurek et al., 2022), and Israel (Ratzon et
al., 2016).

Sample sizes ranged from 30 to 594 par-
ticipants (Akyurek et al., 2022; Rasmussen
et al., 2015, 2016). Intervention duration
varied considerably, from 6-week (Jaromi et
al.,, 2012; Moazzami et al., 2015) programs
to multifaceted interventions lasting up to
12 months (Soler-Font et al.,, 2019, 2021),
with follow-up periods differing across stud-
ies. Outcomes included MSP intensity (e.g.,
LBP), prevalence of MSDs, physical workload,
postural risk (e.g., REBA scores), functional
capacity, fatigue, and QoL (Table 1).
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Risk of bias assessment (RoB 2) of
included RCTs

Table 2 summarizes the key results on er-
gonomic approaches to reducing MSDs and
pain in nursing staff and presents the quality

assessment of the included RCTs. Three stud-
ies (Ewert et al., 2009; Menzel et al., 2006;
Moreira et al., 2021) were rated as having a
low risk of bias.

Table 2 — Quality of the evidence of the included RCTs studies
Author (Year)

Quality of the evidence

Participants

D D4

Abdollahi et al. (2020)
Akyurek et al. (2022)
Ewert et al. (2009)
Jaromi et al. (2012)

Lee et al. (2024)

Menzel et al. (2006)
Moazzami et al. (2015)
Moreira et al. (2021)
Rasmussen et al. (2016)
Rasmussen et al. (2015)
Ratzon et al. (2016)
Soler-Font et al. (2019)
Soler-Font et al. (2021)
Stevens et al. (2019)
Warming et al. (2008)
Yassi et al. (2001)

+

+ +

+ + +

Note: D — Domains; O — Overall; D, — Risk of bias arising from the randomization process; D, — Risk of bias
due to deviations from the intended interventions (effect of assignment to intervention); D3 — Missing outcome
data; D4 — Risk of bias in measurement of the outcome and Dy — Risk of bias in selection of the reported

result; — Some concerns; + Low risk

Effects of interventions

As shown in Table 1, the results indicated that
several ergonomic and multicomponent inter-
ventions were associated with reductions in
MSP and/or risk indicators, although effects
were heterogeneous across studies and out-
comes.

Ergonomic educational programs focused
on improving nurses’ knowledge of ergonomic
principles, correct body posture, and safe pa-
tient handling techniques were consistently
associated with reductions in musculoskele-
tal risk (Abdollahi et al., 2020) and improve-
ments in pain unpleasantness (Menzel et al.,
2006). While Warming et al. (2008) report-
ed overall limited effects on LBP outcomes,
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with no consistent reduction in pain indica-
tors across groups. Educational interventions
delivered through lectures, demonstrations,
written materials, or video-based feedback in-
creased awareness of work-related risk factors
and promoted safer work behaviors, resulting
in reduced MSD prevalence across multiple
body regions (Abdollahi et al., 2020; Lee et
al., 2024), including the lower back (Moaz-
zami et al., 2015), as well as the neck, shoul-
ders, and upper limbs (Abdollahi et al., 2020).
In contrast, Warming et al. (2008) reported
little or no effect on LBP outcomes.
Structured and personalized ergonomic
programs were characterized by individu-
alized assessments of work tasks (Ratzon et
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al., 2016), systematic analyses of posture and
movement patterns (Moazzami et al., 2015),
and the development of tailored ergonomic
solutions adapted to nurses’ specific job de-
mands (Soler-Font et al., 2019). These inter-
ventions typically incorporated observation-
al methods, photographic or video analyses
(Ratzon et al., 2016), and direct feedback to
identify high-risk tasks and modify work tech-
niques accordingly (Soler-Font et al., 2019).
Such personalized approaches led to signifi-
cant improvements in work-related posture,
reductions in biomechanical risk factors, and
lower musculoskeletal risk scores, particular-
ly when combined with task-specific exercis-
es or participatory implementation strategies
(Moazzami et al., 2015; Ratzon et al., 2016;
Soler-Font et al., 2019).

Active and passive physiotherapy inter-
ventions included therapeutic exercise, spine
training programs (e.g., “Back School”), and
passive physiotherapy modalities such as
massage, heat therapy, electrotherapy, and
ultrasound. Physiotherapy-based approaches
were more effective when active components
were emphasized. Programs combining er-
gonomic education with active spine training
demonstrated greater and more sustained
reductions in LBP intensity compared with
passive physiotherapy alone, highlighting the
added value of exercise-based rehabilitation
(Jaromi et al., 2012).

Physical exercise, including spinal stabi-
lization, strengthening, stretching, and gen-
eral physical activity, was associated with
improvements in physical capacity and reduc-
tions in musculoskeletal symptoms among
nursing staff. Exercise-based programs fo-
cusing on trunk stabilization and muscle
strengthening contributed to increased mus-
cle strength, improved functional capacity,
and reduced LBP intensity, particularly when
exercises were performed regularly and inte-
grated into the workplace setting (Ewert et al.,
2009; Moreira et al., 2021). Such interven-
tions were associated with reductions in mus-
culoskeletal discomfort across multiple body
regions and improvements in functional out-
comes beyond pain reduction alone (Lee et al.,
2024). However, evidence from transfer-tech-
nique instruction combined with physical
fitness training was mixed, with Warming et
al. (2008) reporting little effect on LBP out-
comes.

Combined programs incorporating CBT,
participatory ergonomics, physical training,
and health promotion activities demonstrated
beneficial effects on both physical and psy-
chosocial musculoskeletal outcomes among
nursing staff. Interventions integrating par-
ticipatory ergonomics with CBT and physical
training were associated with reductions in
pain intensity and frequency (Rasmussen et
al., 2015; Stevens et al., 2019) and fewer days
with MSP (Rasmussen et al., 2016). In addi-
tion, WHPP or healthy lifestyle promotion
and ergonomic interventions that integrated
physical activity, relaxation techniques, or
organizational-level changes contributed to
reduced physical workload (Soler-Font et al.,
2021), decreased fatigue and stress (Akyurek
et al.,, 2022), improvements in pain-related
beliefs (Soler-Font et al., 2019, 2021), and im-
proved functional outcomes and profession-
al QoL (Akyurek et al., 2022). Overall, these
findings indicate that multicomponent inter-
ventions addressing both biomechanical and
psychosocial risk factors are more effective
than single-component approaches in manag-
ing MSDs among nursing populations.

The use of technology and digital sup-
port interventions included the use of exer-
cise-support applications (Lee et al., 2024),
mechanical patient lifting and transfer devic-
es, and assistive equipment aimed at reducing
physical workload (Yassi et al., 2001). These
interventions were associated with signifi-
cant reductions in manual handling demands,
MSP, and fatigue, as well as improved per-
ceived safety during nursing tasks (Yassi et al.,
2001). The introduction of mechanical lifting
devices substantially decreased exposure to
high-risk patient handling activities (Yassi et
al., 2001), while digital tools supported ex-
ercise adherence and symptom management
(Lee et al., 2024). Evidence regarding job sat-
isfaction is limited, as this outcome was not
consistently assessed in the included trials.

DISCUSSION

This review examined the effectiveness of
ergonomic interventions in preventing and
managing MSDs and pain among nursing
staff. Five main categories of interventions
were identified: ergonomic educational pro-
grams, active and passive physiotherapy,
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physical exercise, combined programs (in-
cluding CBT, participatory ergonomics, and
health promotion), and the use of technology
and digital support.

Interpretation of the findings should con-
sider contextual differences across countries,
healthcare systems, and nursing roles. For
example, RCTs in Danish eldercare settings
largely targeted nurse aides exposed to fre-
quent patient handling and high physical
demands, which may favor multicomponent
workplace approaches addressing both bio-
mechanical and psychosocial risk factors (Ras-
mussen et al., 2015, 2016; Stevens et al., 2019;
Warming et al., 2008). In contrast, studies
conducted in specialized hospital units (e.g.,
hemodialysis and operating rooms) involved
different exposure profiles such as prolonged
standing, constrained postures, and repeti-
tive upper-limb tasks, potentially influencing
which ergonomic and exercise components
are most effective (Abdollahi et al., 2020; Lee
et al., 2024; Moazzami et al., 2015). More-
over, intervention dose and follow-up dura-
tion varied widely — from short programs (ap-
proximately 6 weeks) to interventions lasting
up to 12 months — which likely contributed
to heterogeneity in outcomes and may partly
explain why some trials demonstrated short-
term improvements while longer-term effects
remain uncertain (Jaromi et al., 2012; Moaz-
zami et al., 2015; Soler-Font et al., 2019, 2021;
Yassi et al., 2001). Study-specific implementa-
tion factors (e.g., access to lifting equipment,
training intensity, workplace support, and ad-
herence to exercise) may further affect effec-
tiveness across settings (Lee et al., 2024; Sol-
er-Font et al., 2019, 2021; Yassi et al., 2001).

It should also be acknowledged that cul-
tural and organizational differences across
countries may have influenced the effective-
ness of ergonomic interventions. Studies con-
ducted in Scandinavian countries (e.g., Den-
mark) were largely embedded in occupational
settings where participatory and multicompo-
nent workplace programs were implemented,
which may favor such approaches (Rasmus-
sen et al., 2015, 2016; Stevens et al., 2019;
Warming et al., 2008). In Scandinavian coun-
tries, occupational health systems are char-
acterized by strong regulatory frameworks,
employer responsibility for workplace health,
and established traditions of participatory
ergonomics and prevention, which may facil-
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itate the implementation of multicomponent
workplace interventions (OSHwiki, 2019,
2020). In contrast, studies conducted in hos-
pital settings in Asia or the Middle East more
often evaluated individual-level education or
exercise-based programs (Abdollahi et al.,
2020; Lee et al., 2024; Moazzami et al., 2015).
These contextual differences, together with
variation in intervention duration and fol-
low-up, should be considered when interpret-
ing the heterogeneity of outcomes (Jaromi et
al., 2012; Soler-Font et al., 2019, 2021; Yassi
etal., 2001).

Ergonomic educational programs consist-
ently demonstrated a reduction in the overall
risk of MSDs and improvements in body pos-
ture (Abdollahi et al., 2020; Moazzami et al.,
2015; Ratzon et al., 2016). This is consistent
with the findings of Demir and Yilmaz (2024),
who recommend that ergonomic programs be
incorporated into in-service training for nurs-
es.

Active and passive physiotherapy showed
greater benefits when combined with active
back therapy and ergonomic education (Ja-
romi et al., 2012). Physical exercise, particu-
larly spine stabilization and strengthening
programs, enhanced muscle strength, reduced
symptoms, and improved functional capac-
ity among nursing staff (Ewert et al., 2000;
Moreira et al., 2021). For instance, in the RCT
by Moreira et al. (2021), a workplace-based
therapeutic exercise program delivered twice
weekly (30 minutes per session) resulted in
significant increases in trunk flexor strength,
an improved pressure pain threshold of the
dorsal longissimus, and reduced LBP among
nursing assistants. Similarly, Ewert et al.
(2009) reported that both exercises alone and
amultimodal intervention (exercise combined
with ergonomic/workplace-specific training
and CBT) produced clinically meaningful re-
ductions in pain intensity and improvements
in functional outcomes in nurses with LBP. In
addition, exercise embedded within broader
workplace programs showed benefits beyond
pain outcomes; for example, Lee et al. (2024)
found that an ergonomic training program
supported by a messenger application, in-
cluding regular stretching and strengthening
exercises, was associated with reduced mus-
culoskeletal discomfort (e.g., elbows, wrists/
hands, knees, and ankles/feet) and improved
muscle strength, while evidence from trans-
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fer-technique instruction combined with
physical fitness training was mixed, with
Warming et al. (2008) reporting little effect on
LBP outcomes. Collectively, these trials pro-
vide specific evidence that regular, structured
exercise — particularly when combined with
ergonomic education and workplace-specific
training — contributes to reducing MSD-relat-
ed symptoms and improving function, there-
by supporting occupational health promotion
among nursing staff (Sousa et al., 2023).

Combined programs incorporating CBT,
participatory ergonomics, and health promo-
tion activities appeared beneficial in several
trials, not only in reducing pain intensity and
frequency but also in improving psychosocial
well-being and QoL (Akyurek et al., 2022;
Rasmussen et al., 2016). These findings sup-
port the value of comprehensive biopsycho-
social interventions as essential for the effec-
tive prevention and management of MSDs in
healthcare settings (Sousa et al., 2023).

Technological and digital solutions, in-
cluding patient lifting and transfer devices as
well as exercise-support applications, were
associated with reductions in physical work-
load, pain, and fatigue, as well as improved
perceived safety during nursing tasks (Lee et
al., 2024; Yassi et al., 2001). Evidence regard-
ing job satisfaction is limited, as it was not
consistently assessed as a primary outcome in
the included trials. A scoping review suggests
that technology use may help reduce nurses’
workload, although evidence is heterogeneous
(Mohammadnejad et al., 2023).

Research findings indicate that multicom-
ponent interventions tailored to the specific
demands of nursing work are more effective
than single-component approaches. However,
small sample sizes, heterogeneity of interven-
tions, and short follow-up periods, in addition
to variations in the methodological quality

of RCTs, may limit the generalizability of the
findings and highlight the need for larger and
methodologically robust RCTs.

CONCLUSION

A systematic literature review has shown
that ergonomic approaches (the adaptation
of workstations, the use of ergonomic equip-
ment, and training on proper posture and
lifting techniques) may reduce workload and
improve working conditions among nursing
staff, particularly when implemented as part of
comprehensive, multicomponent programs.
Successful implementation therefore requires
comprehensive ergonomic training programs
that include workplace modifications, the use
of ergonomic devices, and the promotion of
ergonomics, thereby achieving long-term im-
provements and reducing the burden of MSDs
and pain among nursing staff.

Study limitations

Due to the exclusive focus on randomized
and quasi-randomized controlled trials, only
a limited number of studies were eligible for
inclusion. In addition, the literature search
was restricted to PubMed and CINAHL;
therefore, relevant studies indexed in other
databases may have been missed. The review
protocol was not registered in PROSPERO
prior to study initiation, which may increase
the risk of selective reporting. Nevertheless,
the review followed PRISMA guidelines, ap-
plied predefined eligibility criteria, and used
a structured and transparent study selection
process.
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