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ABSTRACT

Background: Musculoskeletal disorders have significantly contributed to poor working ability and productivity 
among crane operators. Nevertheless, a comprehensive review of MSDs among crane workers and work-related 
health problems is currently lacking. Objective: This paper systematically reviewed all existing literature on preva-
lence, body region affected, risk factors, and consequences of MSDs among crane operators. Method: Following the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, relevant studies published 
between January 2000 and June 2023 were systematically searched in the Scopus, ScienceDirect, and Google Schol-
ar databases. Quality appraisal was performed using the Mixed Methods Appraisal Tool (MMAT). Results: The results 
were assessed, and 14 articles met the eligibility criteria. Where reported, crane-specific 12-month overall MSD or 
musculoskeletal-pain prevalence ranged from 60.0% to 95.0%. The most affected body parts were lower and upper 
back, neck, and shoulders. The analysis identified demographic factors (older age), ergonomic factors (awkward 
posture, repetitive operation, static posture, prolonged sitting and vibration), and occupational or workplace factors 
(longer occupational exposure, crane height and cabin design). Most studies satisfied the relevant MMAT criteria, 
although limitations in sampling, confounding control and representativeness were common. Most studies focused 
on MSDs as endpoints, a few studies reporting the consequences of MSDs, such as poor work productivity, work 
fatigue, disability, and sickness absence. Conclusion: In conclusion, crane operators face ergonomic challenges with 
limited reporting of the prevention program taken by relevant authorities to address the problem. Further studies, 
with a greater emphasis on ergonomic interventions and therapeutic exercise are needed.
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INTRODUCTION

Musculoskeletal disorders (MSDs) are common 
occupational health problems, particularly in jobs 
involving repetitive tasks [1]. Crane operators, 
responsible for lifting and moving heavy loads, are at 
high risk due to prolonged sitting, awkward postures, 
and repetitive upper limb movements [2,3]. Prevalence 
exceeds 80% in some groups, with the upper back, 
lower back, neck, and shoulders most affected [4,5]. 
The nature of crane operation in industries such as ports, 
construction, and steel manufacturing exposes workers 

to insufficient recovery periods, increasing risk and 
severity [2-5].

MSDs lead to reduced productivity, absenteeism, 
disability, and high organizational costs [6-8]. Despite 
extensive research, no systematic review has focused 
exclusively on crane operators. Previous studies have 
mainly reported MSD prevalence in single industries 
(port, steel, construction) but lack a comprehensive 
synthesis across sectors and body regions. This study 
addresses that gap by synthesizing evidence on MSD 
prevalence, risk factors, and consequences in this 
population. The expected outcomes include identifying 
key ergonomic risk factors to inform occupational policy, 
preventive design, and Sustainable Development Goal 8 
(SDG 8) on decent work and economic growth.



Mal J Med Health Sci 22(SUPP8):427-434, August 2026428

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

The review questions were developed to identify the 
prevalence, affected body regions, risk factors, and 
consequences of musculoskeletal disorders among crane 
operators. The review addressed three questions; 1. 
What is the prevalence and risk factors of MSDs among 
crane operators? 2. Which body parts are most affected? 
and 3. What are the impacts and consequences of MSDs 
on crane operators?
 
MATERIALS AND METHODS 

This review followed PRISMA guidelines [9] through three 
phases: identification, screening, and eligibility, focusing 
on MSD prevalence, risk factors, and consequences 
among crane operators. PRISMA ensures clear research 
questions, defined criteria, and systematic assessment of 
relevant studies. Study quality was appraised using the 
Mixed Methods Appraisal Tool (MMAT) [10].

Literature Search Process and Eligibility Criteria 
Relevant articles published from January 2000 to 
June 2023 were retrieved from Google Scholar, 
ScienceDirect, and Scopus, chosen for their credibility 
and relevance. Search terms covered three components: 
crane operators, MSDs, and risk factors, with alternative 
keywords linked by “OR” and combined using “AND.” 
Terms included variations of “crane operator/worker,” 
MSD-related terms (e.g., “pain,” “injuries”), risk 
factors (e.g., “crane ergonomics”), and prevention or 
ergonomic interventions. All references were managed 
and deduplicated using Mendeley Desktop (Elsevier).

Study Selection and Eligibility
Eligible studies were original research, short 
communications, or conference papers in English 
reporting MSD prevalence, affected body regions, 
risk factors, or consequences among crane operators. 
Studies were included when they reported crane-
specific MSD symptoms or diagnoses, affected body 
regions, consequences of MSDs, or direct assessments 
of ergonomic exposures and risk levels relevant to MSD 
development. For studies involving mixed occupational 
populations, only those with separately extractable 
findings for crane operators were included. Reviews, 
book chapters, non-English articles, and studies without 
full text were excluded. Screening involved removing 
duplicates, then assessing titles, abstracts, and full 
texts against these criteria. Two independent reviewers 
screened all records, and a third reviewer resolved 
discrepancies.

Data Extraction
A standard form captured study details (author, 
year, location, design, population) and main 
findings (MSD prevalence, affected body parts, risk 
factors, consequences). Two authors extracted data 
independently, with a third resolving discrepancies. 
Inter-rater agreement was high (Cohen’s Kappa = 0.83).

Quality Appraisal
The methodological quality of the 14 included studies 
was assessed independently by two reviewers using 
MMAT across designs through screening questions 
and items on methods, results, and coherence. For 
experimental studies, aspects such as randomization, 
group comparisons, blinding, and intervention 
adherence were reviewed. 

Analytical cross-sectional, cohort, case-control and 
non-randomized intervention studies were assessed 
using the quantitative non-randomized criteria, whereas 
descriptive cross-sectional studies were assessed using 
the quantitative descriptive criteria. For the mixed-
methods study, the qualitative, quantitative and 
mixed-methods components were assessed separately. 
Disagreements were resolved through discussion with a 
third reviewer. In accordance with MMAT guidance, no 
overall numerical score was calculated.

Data Synthesis
A narrative synthesis with an inductive thematic 
approach was used. Data were reviewed, coded, and 
grouped into themes, which were verified and refined 
collaboratively by all authors. Discrepancies were 
resolved through discussion.

RESULTS

Search Results
A total of 9,631 records were identified; after removing 
9,107 duplicates, 524 remained. Following screening of 
title (n = 342 exclusion) and abstract (n = 102 exclusion), 
the full text of remaining records (n = 80) was sought but 
could not be retrieved resulting in further exclusion (n 
= 46). From the 34 full texts assessed, 20 studies were 
excluded resulting in only 14 studies which met the 
inclusion criteria while the others (n = 20) did not.

Description of Included Studies
Thirteen included studies used a cross-sectional 
design, with one incorporating a nested case-control 
comparison, while one study used a repeated-measures 
design. Only one article was published before 2010; 
the remaining 13 articles appeared between 2011 and 
2023. Two studies were conducted in Europe, both in 
Italy, while 12 were conducted in Asia: India (n = 4), 
Malaysia (n = 3), Iran (n = 2), Korea (n = 1), Saudi Arabia 
(n = 1), and Indonesia (n = 1). Sample sizes ranged from 
8 to 209, but only eight studies reported sample-size 
calculation methods.

Some studies involved mixed occupational populations; 
in these studies, only separately extractable crane-
specific findings were included in the synthesis. Table 
I presents a summary of the included studies. The table 
provides the basis for the synthesis of MSD prevalence, 
affected body regions, risk factors, and consequences 
reported across the included studies.
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Prevalence of MSDs According to Body Region or Parts 
Affected

Overall Prevalence of MSDs
Twelve-month prevalence estimates among crane 
operators ranged from 60.0% to 95.0% in studies where 
crane-specific prevalence was estimable [12,15]. The 
lower and upper back were most frequently affected 
(23.3%–90%), followed by the neck (54%–75.8%), 
knees (20%–91%), and shoulders (31%–91%) [6,11,14-
16,18]. Other affected regions included the upper limbs 
(18%–66%) and lower limbs, often linked to prolonged 
sitting with hips and knees flexed (62%–68.3%). In 
a study, the authors reported lower-back, neck and 
shoulder complaints together accounted for 78.75% 
of all recorded MSD complaints [1]. The variation of 
these findings demonstrated significant variation across 
studies, likely due to differences in populations, methods 
(including measurement instruments), and outcome 
definitions used.

Risk Factors for MSDs
The included studies identified three main categories 
among the risk factors of MSDs: demographic, 
occupational, and ergonomic factors. Demographic 
factors included older age while occupational 
factors included longer duration of occupational 
exposure (including years of experiences), and crane’s 
characteristics (specifically, the cabin’s design, height, 
feature – static vs. movable) as well as ergonomic factors 
such as awkward neck postures, prolonged static sitting 
posture, and vibration [1,2,6,7,15,18]. Most studies did 
not provide odds ratios or precise risk estimates.

Consequences of MSD
Evidence concerning the consequences of MSDs was 
limited. A small number of studies reported direct 
consequences or related occupational outcomes, 
including work limitations, sickness absence, disability 
or sciatica, and work fatigue [6,7,8,19]. However, these 
outcomes were not consistently measured or directly 
attributed to MSDs.

More than one-third of operators experienced fatigue, 
or work-related stress, reflecting the combined physical 
and psychological burden of prolonged discomfort, 
high mental workload, and operational responsibility 
[19]. MSD symptoms often contribute to a cycle of pain, 
reduced sleep quality, and slower recovery, further 
increasing vulnerability to fatigue.

Some studies also reported clinically significant 
consequences, such as sciatica related to lumbar disc 
degeneration and radiculopathy among machine 
operators exposed to whole-body vibration [6]. In Korea, 
“crane-neck–herniated disc” accounted for the highest 
number of sick leave days (500.5 days), demonstrating 
the substantial economic burden associated with severe 
cervical conditions [8].

Based on the MMAT criteria, eight studies were 
classified as quantitative non-randomized, five as 
quantitative descriptive, and one as mixed methods 
(refer to Table II). Methodological strengths included 
the use of standardized ergonomic or musculoskeletal 
assessment instruments and generally appropriate 
statistical analyses. Recurring limitations concerned 
unclear sampling and nonresponse, limited sample 
representativeness, incomplete reporting of outcome 
data, inadequate control of confounding, and weak 
integration of qualitative and quantitative components. 

Outcome Measures
The included studies used a variety of assessment 
tools. Musculoskeletal symptoms and prevalence were 
commonly assessed using self-reported instruments such 
as the Nordic Musculoskeletal Questionnaire (NMQ), 
Cornell Musculoskeletal Discomfort Questionnaire 
(CMDQ), Oswestry Low Back Pain Questionnaire, and 
perceived discomfort ratings. Ergonomic exposure and 
postural risk factors were assessed using observational 
and analytical tools, including the Rapid Upper Limb 
Assessment (RULA), Quick Exposure Check (QEC), 
video analysis, vibration measurements, kinematic 
analysis, and body inclinometers. One study utilized 
relative-risk analysis, classification and regression tree 
(CART) analysis, and a risk-priority index [1] while 
another used pressure-sensitive mats to monitor body-
seat contact pressure at 10 Hz during simulated crane 
operation [13].

Fig. 1: PRISMA 2020 flow diagram of study identification, screening, 
eligibility assessment and inclusion.
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Table I: Characteristics and key findings of studies included in the systematic review

Author/s Country Years Research 
Design

Type of crane/ Number of 
crane operators Research instruments Prevalence and risk factors Consequences

Bovenzi et 
al. [6]

Italy 2002 Cross-sectional Overhead crane-port in-
dustry/46 crane operators

Nordic questionnaire

Vibration measurement

Postural load assessment

Symptom questionnaire

LBP-lifetime- 78%

LBP-12 months -55%

Sciatica 9%

Disability resulting 
from Sciatica

Kadir et al. [11] Malaysia 2015 Cross-sectional Port crane operators, (n 
= 209). All were male 
workers with mean age of 
34 (sd = 0.79).

Oswestry LBP LBP 7 days: 63.8%

LBP 12 months: 71.9%

Not mentioned/studied

Alghadir and 
Anwer. [12]

Saudi Ara-
bia

2015 Cross-sectional Construction industries/15 
crane operators 

Numerical rating scale 
(NRS)

Twelve-month prevalence of self-reported 
musculoskeletal pain among crane operators: 
60.0% (9/15; calculated from the reported 
subgroup counts). Affected body regions and 
risk factors were not reported separately for 
crane operators.

Not mentioned/studied

Krishna et 
al. [1]

India 2015 Cross-sectional Steel-plant crane operators 
(n = 76)

Nordic Musculoskeletal 
Questionnaire (NMQ); 
relative-risk analysis; classi-
fication and regression tree 
(CART); risk-priority index

No single worker-level overall MSD prevalence 
was reported. Lower-back, neck and shoulder 
complaints together accounted for 78.75% 
of all MSD complaints. Crane height was 
the largest contributor to the occurrence of 
lower-back and neck-and-shoulder MSDs. 
For severity, crane height contributed most 
to neck-and-shoulder MSDs, whereas cabin 
feature (static or movable) contributed most to 
lower-back MSDs

Not mentioned/studied

Pau et al. [13] Italy 2016 Repeated-mea-
sures 

Professional quay crane 
operators (n = 8) com-
pleting a four-hour shift 
in a realistic quay crane 
simulator

Two pressure-sensitive 
mats positioned on the 
seat pan and backrest; 
body-seat contact pressure 
sampled at 10 Hz

MSD prevalence and body-region symptoms 
were not measured. Mean seat-pan pressure 
increased by 10%, from 7.4 (1.5) to 8.2 (2.3) 
kPa. Buttock pressure decreased by 6%, while 
right- and left-thigh pressures increased by 10% 
and 20%, respectively. These findings indicate 
time-related redistribution of seat pressure 
during prolonged sitting.

Not mentioned/studied

Kushwaha and 
Kane. [14]

India 2016 Cross-section-
al (with virtual 
cabin redesign)

Unspecific: shipping crane 
operators in an integrated 
steel plant (n = 27)

Rapid upper limb assess-
ment (RULA)

Musculoskeletal Ques-
tionnaire

Real-time observation 
of the crane operator’s 
postures

Prevalence according to body parts were 
62.9%, 44.4%, 33.3%, 29.6%, 66.6%, 51.8%, 
66.6%, 59.25%, and 22.2% for neck, shoul-
ders, elbows, wrists, upper back, lower back, 
hip, knee, ankle/feet in the last 12 months, 
respectively.

Not mentioned/studied

Nourollahi-Da-
rabad et al. 
[15]

Iran 2018 Cross-sectional 
and case-control

Overhead-steel/120 crane 
operators. A sub-set of 
17 crane operators were 
recruited in the second 
phase and matched with 
15 healthy operators 
according to age.

Self–reported questionnaire 
-body inclinometer

Nordic questionnaire

Overall prevalence of MSD: 95%; lower back 
pain: 86%, neck 75.8%, knees: 67%

The time spent working in an extreme posture 
of the back and head between groups (p < 0.05 
) differed in terms of MSDs.

Not mentioned/studied

Afshari et 
al.  [2]

Iran 2021 Cross-sectional Overhead -steel indus-
try/40 crane operators

Video recording Kinematic 
analysis

Risk factors for MSDs included high levels 
of exposure to awkward and extreme neck 
postures.

Not mentioned/studied

Muhammad 
Azmi et al. [7]

Malaysia 2019 Cross-sectional Quay crane- port/143 
crane operators

Nordic

RULA

Vibration

Lower-back, upper-back, shoulder and neck 
symptoms accounted for 65% of the total MSD 
symptom count. 

Prolonged sitting and trunk bending were also 
associated with low-back pain.

Exposure to current 
working conditions for 
> 5 years was associat-
ed with stopping work 
because of low-back 
pain (PR 7.197; 95% 
CI 1.592–32.536)

Anandakumar 
et al. [16]

India 2020 Cross-sectional Electronic overhead travel-
ling/ 67 crane operators

Cornell

RULA

Overall prevalence: 71.6%, back (64%), neck 
(54%), upper back (37%), knee (33%), shoulder 
(31%).

Not mentioned/studied

Ibrahim et al. 
[17]

Malaysia 2020 Cross-sectional Tower crane/ 32 crane 
operators

QEC The back and neck were identified with a high 
risk of exposure to MSDs at 63%. Risk factors 
were driving and vibration.

Not mentioned/studied

Baskaran et al. 
[18]

India 2023 Cross-sectional Heavy equipment man-
ufacturing industry (30 
mobile crane operators 
aged 21-59 years)

Body part discomfort 
questionnaire

Prevalence of discomfort in the lower back and 
upper back of 83.3% and 20%, respectively. 
The highest severity was in the neck and lower 
back. Age, awkward posture, and whole-body 
vibration were identified as risk factors.

Not mentioned/studied

Putri et al. [19] Indonesia 2022 Cross-sectional Container Crane (CC) op-
erators and Rubber Tyred 
Gantry  (n = 30)

RULA, 

Reaction-time measure-
ment 

Nutritional-status assess-
ment

MSD prevalence or body-region symptoms 
were not measured. RULA assessment 
indicated that 70.0% of operators required 
investigation and postural correction as soon as 
possible, while 30.0% required further investi-
gation and correction, but not immediately. 

Severe work fatigue was identified in 76.7% of 
operators and moderate fatigue in 23.3%. 

Poorer work posture was strongly positively 
correlated with reaction-time-defined work 
fatigue (rₛ = 0.671).

Not mentioned/studied

Kim et al. [8] Korea 2022 Cross-sectional 54 crane operators 
(compensated MSD cases 
within 985 compensatd 
cases from shipbuilding 
industry)

National workers’ com-
pensation administrative 
records.

Prevalence not estimable – study populations 
were approved compensated MSDs. 

Body regions affected were the neck (35.2%), 
lower back (31.5%), shoulder (16.7%), knee 
(13.0%) and elbow (3.7%). 

Crane operators had higher odds than welders 
of the MSD involving the neck (OR 5.473; 
95% CI 2.179–13.745) compared to any other 
body region. 

Sick absenteeism 
(Neck MSD cases 
recorded a mean of 
500.5 sickness-ab-
sence days)
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Table II: Design-specific MMAT appraisal of the methodological quality of included studies

Authors MMAT category C1 C2 C3 C4 C5 Main basis for N/CT

Bovenzi et al. 
(2002) [6]

Quantitative 
non-randomized

CT Y CT Y Y
Recruitment and completeness of data insufficiently reported; standardized outcome and objective exposure 
measures used; multivariable adjustment performed.

Kadir et al. (2015) 
[11]

Quantitative 
non-randomized

CT CT CT N Y
Sampling, response rate, missing data and validation of some measurements are unclear; reported associations 
do not appear adequately adjusted for confounding.

Alghadir and An-
wer (2015) [12]

Quantitative 
descriptive

CT N Y CT Y
Sampling process and eligible denominator were not reported; 165 selected male workers from two cities; 
questionnaire was validated and analyses appropriate.

Krishna et al. 
(2015) [1]

Quantitative 
non-randomized

CT Y CT N Y
Sampling procedure, response rate, and completeness of outcome data were insufficiently reported; stan-
dardized symptom measurement and appropriate analytical methods were used, but confounding was not 
adequately controlled.

Pau et al. (2016) 
[13]

Quantitative 
non-randomized

N Y CT N Y
The very small pilot sample (n = 8) limits representativeness; completeness of outcome data was not explicitly 
reported, and the simulated repeated-measures analysis did not account for potential confounders.

Kushwaha and 
Kane (2016) [14]

Quantitative 
non-randomized

CT CT CT N N
Small sample (n=27) with unclear recruitment; questionnaire validity and missing data unclear; redesigned 
cabin was assessed virtually and not implemented in operators; no comparator or confounding control.

Nourollahi-Da-
rabad et al. (2018) 
[15]

Quantitative 
non-randomized

CT Y Y N Y
Participants volunteered and sampling representativeness is unclear; objective full-shift measurements were 
strong, but groups were matched only by age and residual confounding, including stature, remained.

Afshari et al. 
(2021) [2]

Quantitative 
descriptive

Y N Y CT Y
Random selection across four industries, but restrictive eligibility criteria limit representativeness; nonpartici-
pant information was absent; measurements and analyses were appropriate.

Muhammad Azmi 
et al. (2019) [7]

Mixed methods Y CT CT CT N

Mixed-method rationale was present, but integration and handling of divergent results were unclear; the 
qualitative component lacked a reported analysis method. See component ratings below.

Component C1 C2 C3 C4 C5

Quantitative non-randomized CT Y CT CT Y

Qualitative Y CT N N CT

Mixed-methods integration Y CT CT CT N

Anandakumar et 
al. (2020) [16]

Quantitative 
non-randomized

Y CT CT N Y
67/69 operators participated and intervention was implemented; validation of the modified CMDQ and num-
ber completing three-month reassessment were unclear; no control group or confounding adjustment.

Ibrahim et al. 
(2020) [17]

Quantitative 
descriptive

CT CT Y CT Y
Recruitment from eight construction sites, sampling frame and response rate were not reported; QEC and 
descriptive analysis were appropriate.

Baskaran et al. 
(2023) [18]

Quantitative 
descriptive

CT N Y CT Y
Recruitment and eligible denominator were unclear; sample of 30 operators limits representativeness; CMDQ 
and descriptive analysis were appropriate.

Putri et al. (2022) 
[19]

Quantitative 
non-randomized

Y Y Y N Y
Census of all 30 operators and appropriate RULA/reaction-time measures; only bivariate Spearman correla-
tions were used, without adjustment for fatigue-related confounders.

Kim et al. (2022) 
[8]

Quantitative 
descriptive

Y Y Y Y Y
National administrative compensation dataset, defined case-selection process, effectively complete records 
and appropriate statistical analysis.

Note: All studies were assessed using the two MMAT screening questions. The appropriate MMAT criteria were subsequently applied according to the study design; quantitative non-randomized, 
quantitative descriptive or mixed methods. Criteria 1–5 (denoted as C1-C5) therefore correspond to the relevant MMAT category (10). Responses were classified as Yes, No or Can’t tell.

These findings underscore that MSDs among crane 
operators extend far beyond episodic discomfort. They 
result in functional limitations, increased absenteeism, 
restricted duties, and long-term disability, all of which 
undermine workforce sustainability and increase 
organizational costs. The combination of physical pain, 
psychological strain, and reduced operational precision 
highlights the urgency of implementing preventive 
ergonomic interventions and early rehabilitation 
strategies.

DISCUSSION

Crane operators face multiple biomechanical risks, 
including strenuous tasks, awkward postures, prolonged 
sitting, vibration, and poor cabin ergonomics, which 
lead to a high prevalence of MSDs (60–95%) across 
studies [12,15]. The elevated rates are comparable to 
other heavy-equipment occupations, such as forklift or 
truck operators, but tend to be higher due to the static 
vigilance and fine-motor control required during crane 
operation. Most research was cross-sectional, focusing 
on ports, steel, and construction industries, with sample 
sizes ranging from 8 to 209; few studies reported sample 
size calculations, limiting representativeness and power.

Most studies originated in Asia, indicating a 
concentration of research on ergonomic risks among 
crane operators in this region. Further research across 
different geographical and occupational contexts 
is warranted to provide a broader understanding of 
ergonomic risks among crane operators.

Outcome measures varied, including the Nordic 
Musculoskeletal Questionnaire (NMQ), Rapid Upper 
Limb Assessment (RULA), and Quick Exposure Check 
(QEC). Self-report tools tended to yield higher prevalence 
than observational assessments, highlighting the 
influence of perception and recall bias. The use of different 
instruments introduced methodological heterogeneity; 
these tools differ in sensitivity, scoring criteria, and body 
region emphasis, which can affect prevalence estimates 
and risk categorization. Standardizing definitions and 
adopting validated, comparable tools would enhance 
the reliability and generalizability of ergonomic research 
on crane operators.

The lower and upper back, neck, shoulders, and knees 
were the most affected regions [6,11,14,15,16,18], 
consistent with prolonged sitting, limited mobility, and 
visual monitoring demands. These regions sustain static 
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load and reduced circulation, resulting in muscular 
fatigue and discomfort. Comparable findings have been 
reported among machine operators and drivers exposed 
to vibration and constrained postures. 

The predominance of lower and upper back, neck, 
shoulder, and knee symptoms among crane operators 
reflects the biomechanical demands of prolonged 
sitting, static postures, and continuous visual 
monitoring. Lower-back and upper-back pain arise 
from sustained seated postures, limited lumbar support, 
and increased intradiscal pressure during vibration 
exposure. Neck symptoms are linked to repeated neck 
flexion and extension while operators maintain visual 
focus on suspended loads and monitors positioned 
at non-neutral viewing angles. Shoulder discomfort 
is commonly associated with elevated arm postures, 
reaching for controls, and stabilizing the upper body 
during fine-motor operation. Knee pain is frequently 
related to prolonged hip and knee flexion, reduced 
joint circulation, and constrained leg movement 
within compact cabins. These mechanisms align with 
established evidence that static loading, vibration, and 
constrained postures accelerate muscle fatigue and joint 
strain.

The identified risk factors can be broadly grouped into 
demographic, ergonomics and occupational factors, 
which interact to increase cumulative spinal and 
musculoskeletal load. Longer duration of crane operation 
may increase cumulative exposure to awkward postures 
and whole-body vibration [7]. However, the evidence 
was derived from a cross-sectional study and should 
not be interpreted as establishing a causal relationship. 
Krishna et al. further demonstrated the potential 
importance of workplace characteristics, with crane 
height and cabin feature influences MSD occurrence 
or severity [1] matching complementary evidence 
reported in a study by Pau et al. which documented 
redistribution of seat pressure from the buttock toward 
the thigh regions during a prolonged simulated shift 
[13]. However, Pau et al. involved only eight operators 
under simulated conditions and did not directly measure 
MSDs; therefore, its findings should not be interpreted 
as evidence of MSD prevalence or causation.

Ergonomics; specifically, posture-related factors, 
including sustained neck flexion, forward trunk 
inclination, and constrained sitting postures, contribute 
to increased intradiscal pressure and muscle fatigue 
in the cervical and lumbar regions. In combination of 
other factors such as exposure to whole-body vibration, 
extended work hours, limited rest breaks, and repetitive 
control movements, biomechanical stress is further 
amplified and recovery may be impeded. These findings 
align with the biomechanical load theory and human 
factors models, which emphasize the cumulative 
interaction between mechanical demand, individual 
capacity, and environmental conditions. Addressing 

these domains through ergonomic interventions, 
optimized work-rest scheduling, and physical 
conditioning programs is essential for effective MSD 
prevention among crane operators.

Although evidence concerning the consequences 
of MSDs was limited amongst the studies reviewed, 
the impacts were well documented in many others. 
Specifically, Putri et al. reported severe reaction-time-
defined work fatigue in 76.7% of operators and moderate 
fatigue in 23.3%, with a significant association between 
work posture and fatigue [19]. Work fatigue should, 
however, be interpreted as a related occupational 
outcome rather than a demonstrated consequence of 
diagnosed MSDs. Among the compensated MSD cases 
in Korea, Kim et al. reported a mean sickness absence 
of 500.5 days for crane-occupation cases involving the 
neck [8]. Muhammad Azmi et al. on the other hand 
reported that operators exposed to their current working 
conditions for more than five years were more likely 
to stop work because of low-back pain [7]. Persistent 
discomfort may plausibly reduce efficiency and 
contribute to wider operational or workforce effects. 
However, the included studies did not directly establish 
effects on safety incidents, early retirement, morale, job 
satisfaction or workforce retention. These outcomes 
should be investigated in future studies. Beyond 
physical outcomes, chronic pain affects morale and job 
satisfaction, influencing workforce retention and overall 
safety culture. The limited number of intervention studies 
underscores a gap in translating risk identification into 
preventive action, warranting longitudinal and applied 
ergonomic research.

Inconsistencies in defining and measuring MSDs were 
evident across the included studies, complicating 
comparison and synthesis of findings. Definitions varied 
widely: several studies classified MSDs based on self-
reported pain or discomfort within specific recall periods 
(7-day, 1-month, or 12-month prevalence), while 
others required physician-confirmed diagnoses such as 
herniated disc, radiculopathy, or chronic low back pain. 
This inconsistency resulted in different thresholds for 
what qualified as an MSD, producing variability in case 
identification. 

Cross-country differences further contributed to 
heterogeneity. Studies from Asia, for example, 
frequently relied on self-report tools such as the Nordic 
Musculoskeletal Questionnaire (NMQ) due to their 
accessibility and low cost, whereas studies from Europe 
more commonly incorporated clinical examinations, 
structured interviews, or ergonomic observational 
methods (e.g., RULA, OWAS) in accordance with 
stricter occupational health regulations. Measurement 
tools also varied in purpose and sensitivity. 

Self-report questionnaires capture subjective symptoms 
and tend to yield higher prevalence because they 
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include mild or transient discomfort, while observational 
tools (e.g., RULA, QEC) emphasize postural load and 
ergonomic risk rather than diagnosing MSDs. Differences 
in translation quality, cultural interpretation of pain, 
and workers’ willingness to report symptoms may 
also influence outcomes, especially in regions where 
job insecurity discourages disclosure. Additionally, 
variations in healthcare access, occupational safety 
standards, and legal compensation systems can affect 
whether clinicians diagnose MSDs or whether workers 
report symptoms at all. Together, these factors create 
significant methodological heterogeneity, limiting the 
comparability of prevalence estimates across studies and 
underscoring the need for standardized MSD definitions 
and harmonized assessment protocols in future research.

Proposed mitigation strategies focus on reducing static 
load and optimizing operator posture via a modelled 
interventions include ergonomic seating with lumbar 
support, shock absorption, and adjustable height; 
repositioning of monitors and control panels to promote 
neutral neck and shoulder posture; and scheduled 
micro-breaks or posture-variation protocols to enhance 
circulation and reduce muscle fatigue. Additional 
strategies include anti-vibration seating, footrests, and 
adjustable arm supports, along with operator training 
programs that emphasize posture awareness and task 
rotation. Together, these measures are expected to 
substantially reduce biomechanical strain and lower 
MSD risk. Anandakumar et al. reported reduced 
discomfort and a decrease in RULA score from 6 to 3 
following seating and cabin modification [16]. However, 
because this evidence was uncontrolled or modelled, 
the effectiveness of these interventions in preventing 
MSDs remains uncertain.

Limitations and Recommendations
This review has several limitations. The search was 
restricted to English-language, peer-reviewed articles 
and three major databases (Scopus, ScienceDirect, 
and Google Scholar), which may have excluded 
relevant studies published in other languages or grey 
literature. Additionally, heterogeneity in study design, 
measurement tools, and definitions of MSDs limited 
direct comparison and prevented quantitative meta-
analysis. The reliance on cross-sectional data in most 
included studies also restricts causal interpretation.

Future research should employ longitudinal and 
experimental designs to establish temporal relationships 
between work exposures and MSD development. 
Integrating participatory ergonomics, biomechanical 
assessments, and physiological monitoring could 
enhance the understanding of task-specific risks. 
Collaboration between researchers, employers, and 
occupational health practitioners is essential to translate 
these findings into evidence-based ergonomic guidelines 
and preventive interventions for crane operators.

CONCLUSION

MSDs remain highly prevalent crane operators across 
the included occupational settings, particularly 
affecting the back, neck, and shoulders. Risk factors 
span demographics, posture, and operational activities, 
while consequences—though less studied—highlight 
significant ergonomic challenges. Addressing these 
requires experimental studies focusing on ergonomic 
redesigns and exercise-based interventions to reduce 
MSD risk in this vulnerable workforce.
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