
Rezumat

Context: Încă din anii 1990, chirurgia laparoscopică a revoluţionat practica 
chirurgicală, permiţând incizii mai mici, recuperare mai rapidă şi reducerea 
complicaţiilor postoperatorii. Cu toate acestea, leziunile musculo-scheletice (MSK)
în rândul chirurgilor - în modalităţi deschise, laparoscopice şi robotice - rămân un
risc ocupaţional subrecunoscut. Această analiză examinează cauzele, prevalenţa şi
strategiile de prevenire a leziunilor MSK la chirurgii laparoscopici.
Metode: O analiză sistematică a literaturii şi o sinteză narativă a fost efectuată în 
conformitate cu ghidurile PRISMA. Căutările au fost efectuate în MEDLINE, Embase
şi PubMed între august 2022 şi martie 2023, utilizând termeni derivaţi din PICO.
Criteriile de includere au cuprins studii în limba engleză publicate în ultimul deceniu,
axate pe leziunile MSK la chirurgii care efectuează intervenţii chirurgicale minim
invazive (MIS).
Rezultate:  Din 321 de publicaţii analizate, 43 de studii au îndeplinit criteriile de
includere. Gâtul, spatele şi umerii au fost regiunile cel mai frecvent afectate.
Factorii care au contribuit au inclus posturile susţinute non-neutre, echipamentul
chirurgical nereglabil sau prost conceput şi lipsa instruirii ergonomice. Leziunile
musculo-scheletice au dus la scăderea productivităţii, epuizare profesională şi, în
unele cazuri, absenteism chirurgical.
Concluzie: Strategiile preventive - cum ar fi educaţia ergonomică, reproiectarea
echipamentelor, micropauzele şi antrenamentul de forţă - pot reduce semnificativ
riscul de leziuni musculo-scheletice în rândul chirurgilor laparoscopici. Integrarea
ergonomiei în programa chirurgicală şi în designul locului de muncă este crucială 
pentru a proteja bunăstarea chirurgilor, a asigura o practică sustenabilă şi a menţine
o îngrijire de înaltă calitate a pacienţilor.

Cuvinte cheie: chirurg, musculo-scheletic, durere musculo-scheletică, MSK, proceduri
chirurgicale minim invazive, laparoscopie şi robotică
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Abstract
Background: Since the 1990s, laparoscopic surgery has revolutionised surgical practice by enabling smaller incisions, faster
recovery, and reduced postoperative complications. However, musculo-skeletal (MSK) injuries among 
surgeons - across open, laparoscopic, and robotic modalities - remain an under recognised occupational hazard. This review
examines the causes, prevalence, and prevention strategies for MSK injuries in laparoscopic surgeons.
Methods: A systematic literature review and narrative synthesis was conducted in accordance with PRISMA guidelines.
Searches were performed in MEDLINE, Embase, and PubMed between August 2022 and March 2023 using PICO-derived
terms. Inclusion criteria encompassed English-language studies published within the last decade focusing on MSK injuries
in surgeons performing minimally invasive surgery (MIS).
Results: From 321 screened publications, 43 studies met inclusion criteria. The neck, back, and shoulders were the most fre-
quently affected regions. Contributing factors included sustained non-neutral postures, non-adjustable or poorly designed
surgical equipment, and lack of ergonomic training. MSK injuries led to decreased productivity, burnout, and in some cases,
surgical absenteeism.
Conclusion: Preventive strategies- such as ergonomic education, equipment redesign, microbreaks, and strength training - can
significantly reduce MSK injury risk among laparoscopic surgeons. Integration of ergonomics into surgical curricular and 
workplace design is crucial to protect surgeon wellbeing, ensure sustainable practice, and maintain high-quality patient care.

Keywords: surgeon, musculoskeletal, musculoskeletal pain, MSK, minimally invasive surgical procedures, laparoscopy, and
robotics

Introduction

Laparoscopic surgery has fundamentally trans-
formed modern surgical practice since its introduc-
tion in the 1980s. By minimising incision size, 
reducing postoperative pain, shortening recovery
periods, and decreasing hospital stays, laparoscopic
techniques have yielded substantial benefits for
patients, surgeons, and healthcare systems alike (1).
Despite these advantages, the physical demands
placed on surgeons during laparoscopic procedures
present a major occupational health concern.

Laparoscopic surgery requires surgeons to 
maintain static, non-neutral postures for extended
periods while manipulating rigid instruments
through fixed trocars, often without the benefit of
adjustable or ergonomically designed equipment.
These working conditions significantly increase the
risk of developing musculoskeletal (MSK) injuries
compared with other surgical modalities such as
open or robotic surgery (2). The cumulative effect 
of repetitive strain and sustained awkward positions
can lead to chronic pain, reduced surgical 
efficiency, and long-term occupational disability (2).

MSK injuries not only affect individual surgeons
but also contribute to burnout, decreased career
longevity, and potentially compromised patient 
outcomes (3). Given the growing prevalence of 
minimally invasive surgical techniques across 
multiple specialties, it is increasingly important to
understand and address the ergonomic risks faced
by laparoscopic surgeons.

This review systematically examines the prevalence,
causes, and consequences of MSK injuries in laparo-
scopic surgery, as well as evidence-based prevention and
mitigation strategies. By synthesising the current 
literature, the study aims to highlight key ergonomic
challenges and propose recommendations for 
protecting surgeon health while sustaining high-
quality surgical performance.

Methods

A systematic literature review and narrative synthesis
was conducted to evaluate the causes, prevalence, and
prevention strategies of musculoskeletal (MSK)
injuries among laparoscopic surgeons. The review 
followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines 
to ensure methodo-logical transparency and repro-
ducibility.

A comprehensive literature search was performed across
MEDLINE, Embase, and PubMed data-bases between
August 2022 and March 2023. Only articles published in
English within the preceding ten years were included.
The search combined both controlled vocabulary and
natural language terms to capture the full range of 
relevant studies.

Search terms were developed using the PICO frame-
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work (Population, Intervention, Comparison, Outcomes),
as shown in Table 1. Boolean operators (“AND”, “OR”)
were used to combine search terms.

Key terms included: surgeon, musculoskeletal,
musculoskeletal pain, MSK, minimally invasive 
surgical procedures, laparoscopy, and robotics.

Research Question: “Protect the surgeon’s joints:
How can musculoskeletal problems be prevented and
managed in surgeons performing minimally invasive
surgery?”

The initial search identified 321 records: Embase 
(n = 271), MEDLINE (n = 39), and PubMed (n = 11).
Fourteen additional records were identified through
citation searching. After removing 23 duplicates, 298
titles and abstracts were screened. Following this phase,
45 full-text articles were reviewed for eligibility.

Of these, 43 studies met inclusion criteria. Reasons
for exclusion included:

1. Studies unrelated to surgeon injuries (n = 5);
2. Studies unrelated to minimally invasive 

surgery (n = 2);
3. Duplicates (n = 2).
The study selection process is summarised in the

PRISMA flow diagram (Fig. 1).

The final dataset comprised 43 studies, including 
systematic reviews, meta-analyses, randomized 
controlled trials (RCTs), cross-sectional studies, and

observational studies. Authors represented multiple
countries (e.g., China, Japan, Germany, UK, USA),
and surgical specialties such as general surgery, 
urology, and gynaecology were widely represented.

All studies were published in English. The diversity
of study types and international representation allowed
for a broad understanding of the ergonomic challenges
in laparoscopic surgery. 

Results

Across the studies reviewed, the neck, back, and 
shoulders were consistently reported as the most 
commonly affected regions of musculoskeletal (MSK)
injury among laparoscopic surgeons (1-4). Gender 
differences were noted: female surgeons more 
frequently reported neck and shoulder discomfort,
whereas male surgeons more often experienced lower
back pain. Overall, women were found to have a 
higher prevalence of MSK injuries than men (5).

Although surgical experience sometimes correlated
inversely with injury prevalence, the cumulative
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PICO Element Definition Examples
Population Surgeons performing minimally invasive surgery Laparoscopic surgeons

Intervention Prevention and management of musculoskeletal injuries
Ergonomic training, equipment adaptation

Comparison Other surgical modalities Robotic or open surgery

Outcomes Reduced prevalence of MSK disorders and improved 
ergonomic safety Reduced pain, fatigue, and absenteeism

Table 1. PICO table illustrating how keywords and the search strategy was formulated

Search Terms Combined Using
Surgeon* AND

(Minimally invasive surgical procedures OR Laparoscopy) AND

(Musculoskeletal OR Musculoskeletal pain OR MSK) OR

Robotics -

Table 2. Search strategy applied across MEDLINE, Embase, 
and PubMed databases

Inclusion Criteria Exclusion Criteria
Studies published within the last 10 years Studies not written in English

Studies focusing on MSK injuries among surgeons Studies focusing on patient injuries

Studies related to minimally invasive or laparoscopic surgery Studies reporting only on open surgery

Studies including surgeons from all specialties Non-MSK-related occupational injuries

Research addressing prevention or ergonomic interventions Injuries sustained outside the operating theatre

Table 3. Inclusion and exclusion criteria used during screening
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nature of strain suggested that MSK injuries accrue
over time regardless of seniority (2-4).

MSK injuries had significant professional and personal
consequences. Many surgeons required medical inter-
vention, including physiotherapy, analgesia, or even
surgery. Wu et al. reported that 30% of 789 surveyed
surgeons experienced MSK symptoms requiring treat-
ment (4). Voss et al. found that 65.7% of affected 
surgeons underwent treatment, with 56.5% receiving
physiotherapy or occupational therapy and 17.4%
undergoing surgical procedures (5).

Work disruption was also common. One study
found that 19% of surgeons missed work because of
injury-related symptoms (3). Among those, 15% were
absent for one week, 6% for two to four weeks, and 1%
for more than four weeks.

MSK injuries were linked to burnout and reduced
job satisfaction. Almost half of surveyed surgeons
(49%) believed their injury could limit future surgical
performance (3). Participants also described sleep 
disruption, irritability, and emotional fatigue, all of
which contributed to decreased work quality (6-8).

Shugaba et al. found that musculoskeletal and 
cognitive fatigue are strongly correlated (9). Surgeons
experiencing physical discomfort demonstrated slower
reaction times, reduced attention, and impaired 
information processing - factors that can directly 
compromise intraoperative performance (9).

Sustained non-neutral postures were identified as the
leading cause of injury, accounting for approximately
67% of cases. During lengthy procedures, surgeons
often maintain static or awkward positions that
increase strain on the neck, shoulders, and lower back
(8,9).

Wells et al. reported that 20% of surgeons 
experienced discomfort after one hour of operating,
39% after two hours, 66% after four hours, and 85%
after six hours (3).

Non-adjustable or poorly designed laparoscopic
instruments and monitors were a major source of
ergonomic stress. Improper monitor positioning
caused neck flexion and visual strain, while inappro-
priate operating table height led to lumbar arching
and back pain (10,11).

Rigid laparoscopic instruments lacking size or angle
adjustability forced surgeons into unnatural postures,
further increasing fatigue and risk of injury (12).

Limited ergonomic knowledge among surgeons was a
key contributor to MSK injuries. In a survey of 61
laparoscopic surgeons, those with poor ergonomic
awareness had significantly higher rates of injury (13).
Across several studies, a lack of formal ergonomic

4 www.revistachirurgia.ro Chirurgia, 2026 May, Online Ahead of Print

Figure 1. PRISMA flowchart
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training during both residency and consultant years
was highlighted as a major gap (2-4, 13-15).

Several studies demonstrated that MSK injuries
among surgeons are underreported. Approximately
30% of surgeons were unaware of institutional injury-
reporting systems (13). Moreover, over 80% continued
to operate despite pain (4,5,13,16,17).

Only 14–66% of injured surgeons formally reported
injuries or sought institutional support. Cultural
expectations and stigma surrounding self-care in 
surgery were cited as barriers to seeking help (13).
Consequently, the true incidence of MSK injury is 
likely underestimated.

Various tools were used across studies to evaluate
ergonomic strain and injury risk:

• Electromyography (EMG): measured muscle
activation and fatigue levels;

• Rapid Upper Limb Assessment (RULA): assessed
arm and neck posture;

• Rapid Entire Body Assessment (REBA): evaluated
full-body posture;

• Self-report surveys: captured subjective pain,
fatigue, and working conditions.

These methods quantified biomechanical stress
while survey data helped identify demographic risk
factors, including gender, age, and experience level (3).

Across EMG, RULA, and REBA analyses, neck strain,
shoulder discomfort, and lower back stiffness were 
the most common findings (2). EMG data indicated
elevated activity in the trapezius, latissimus dorsi, and
cervical muscles, confirming high workload in these
regions (2,18).

Surveys supported these objective findings: 66.9%
of surgeons reported back pain and 65.4% reported
neck or shoulder pain (5). RULA and REBA assess-
ments demonstrated that neck flexion, spinal twisting,
and lateral bending were key risk factors for MSK
injury during laparoscopic procedures (22-26).

Discussion

This systematic review highlights that musculo-
skeletal (MSK) injuries are a significant occupational
hazard for laparoscopic surgeons. Although minimally
invasive surgery offers clear benefits to patients, it
poses sustained physical demands on surgeons, 
leading to pain, fatigue, and long-term disability. The

findings show that static posture, poorly adjustable
equipment, and a lack of ergonomic awareness are
major contributors to these injuries. Despite wide-
spread prevalence, reporting remains inconsistent,
suggesting the problem is underestimated within the
surgical community.

MSK injuries among surgeons are not new; however,
the shift towards laparoscopic and robotic modalities
has introduced new ergonomic challenges. The neck,
back, and shoulders are consistently reported as the
most affected areas (1-4). Chronic strain in these
regions can lead to reduced dexterity, prolonged 
recovery, and potentially shortened careers. Although
laparoscopic surgery minimises trauma for patients,
the occupational cost to surgeons is substantial (4).

This review identified gender differences in both the
prevalence and perception of MSK injuries. Female
surgeons reported higher rates of discomfort, particu-
larly in the neck and shoulders (27,28). This may 
partly be due to the non-ergonomic design of theatre
equipment, which historically catered to male body
dimensions. A “one-size-fits-all” design is increasingly
unsuitable for today’s diverse surgical workforce.

Furthermore, studies suggest that men may 
underreport injuries due to cultural or social factors
(29,30). Traditional gender norms and professional
expectations in surgery can discourage help-seeking
behaviour, contributing to underestimation of the
problem. Future ergonomic designs should consider
gender-inclusive dimensions and equipment adjusta-
bility to support all surgeons equally.

The cost of ergonomic neglect extends beyond the 
individual surgeon. Work absence, medical expenses,
and premature retirement have significant financial
implications for hospitals and health systems (3,13).
Davis et al. demonstrated that integrating ergonomic
training during residency is cost-effective, preventing
long-term injury while reducing institutional costs
(13).

In the United States, a 2010 survey of hospital
chief financial officers reported that an average 
general surgeon generates over $2.1 million in 
annual net revenue. Thus, a two-week absence could
cost more than $80,000 in lost revenue (13). These
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figures underline that protecting surgeon health is
also an economic imperative.

MSK injuries indirectly affect patient outcomes
through staff shortages, surgical delays, and decreased
concentration. Wells et al. found that approximately
19% of surgeons missed work due to injury (3), 
resulting in postponed operations and extended 
waiting lists. Prolonged waiting times can heighten
both psychological and financial stress for patients (5).

Although direct causation between surgeon injury
and poorer patient outcomes is difficult to prove, 
evidence suggests that fatigue and pain impair 
surgical performance (31). Given that up to 87% of 
surgeons experience discomfort while operating (31),
the broader implications for patient safety warrant
serious consideration.

The literature consistently supports formal ergonomic
education as a cornerstone of injury prevention (28,
32-34). Ergonomic awareness enables surgeons to
identify high-risk postures and adapt intraoperative
positioning accordingly. Training can also target 
specific modifiable risk factors, such as neck flexion
and shoulder elevation, which are the leading causes
of discomfort (6,7,35).

Surgeons who have undergone ergonomic training
report tangible benefits, with 88% stating it prompted
positive behavioural changes in their practice (36).
Programmes that include biomechanical feedback,
simulation-based posture analysis, and collaboration
with physiotherapists or ergonomists are particularly
effective. A multidisciplinary approach is essential 
to promote long-term musculoskeletal health and 
prevent occupational burnout.

Evidence indicates that prolonged static positioning
during surgery is a major risk factor for injury (3).
Incorporating microbreaks - brief, structured rest 
periods can alleviate muscle tension and delay 
fatigue (5,37,38). The benefits of short breaks increase
significantly for operations lasting over three hours.

In addition, strength and conditioning programmes
are protective against MSK injury. Maintaining 
general muscle fitness supports posture endurance
and reduces strain (38-43). Simple stretching for five

minutes every two hours can also reduce fatigue and
improve focus (5).

The adaptability of surgical equipment plays a decisive
role in surgeon wellbeing. Adjustable operating tables,
monitors, and arm supports can greatly reduce strain.
Ramakrishnan et al. recommend that table height
should be approximately 5-10 cm below elbow level to
optimise posture (10). Ergonomic floor mats and 
arm rests have also been shown to reduce back and
shoulder discomfort (38-43).

Monitor height should correspond to each surgeon’s
eye level to minimise neck flexion, and seated proce-
dures should include adjustable chairs with lumbar
support (38-43). Improving the variability and adjusta-
bility of instruments - combined with ergonomic 
training, offers the best protection against long-term
injury.

Robotic-assisted surgery offers distinct ergonomic
advantages over conventional laparoscopy, including
improved seating, reduced arm elevation, and
enhanced instrument precision. However, it is not
entirely injury-free; issues such as prolonged 
wrist flexion and visual strain remain. Continued
research into robotic ergonomics and user-adjustable 
systems is needed to optimise surgeon safety and
performance.

The included studies varied widely in methodology,
sample size, and surgical speciality. This heterogeneity
limited the ability to perform direct comparisons or
meta-analysis. The Scale for the Assessment of
Narrative Review Articles (SANRA) was used to 
evaluate study quality (Table 4) (38).

Potential biases included selection, performance,
attrition, and publication bias, along with confounding
factors such as surgeon fitness level, patient 
characteristics, and case complexity. Few studies
investigated the impact of surgeon MSK injuries on
patient outcomes, highlighting an important gap in
the literature.

Further research is needed to develop standardised
ergonomic assessment methods and evidence-based
interventions applicable across surgical disciplines.
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Conclusion

Musculoskeletal (MSK) injuries among laparoscopic
surgeons represent a critical yet under-recognised
occupational challenge. This review demonstrates that
sustained non-neutral posture, inadequate equipment
design, and insufficient ergonomic awareness are 
the primary contributors to surgeon injury. The 
consequences extend beyond individual wellbeing,
influencing institutional productivity, healthcare costs,
and potentially patient safety.

Integrating ergonomic training and evidence-based
preventive strategies - such as microbreaks, strength
conditioning, and equipment optimisation into 
surgical education and clinical practice is essential.
Institutions should prioritise ergonomic standards and
foster a culture that supports injury prevention, early
reporting, and rehabilitation.

Protecting the physical health of surgeons is 
fundamental to sustaining a safe and effective surgical
workforce. A proactive approach to ergonomics will
benefit not only surgeons but also the quality, safety,
and continuity of patient care. 

The authors declared no potential conflicts of
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The data supporting this review are derived from 
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