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ORIGINAL RESEARCH

INTRODUCTION

The surgical profession has long been defined by its 
rigorous demands, yet within the specialized domain of 
Otorhinolaryngology, a silent epidemic of work-related 
musculoskeletal disorders (WRMDs) has emerged as a 
significant threat to practitioner longevity and patient 
safety. Ergonomics, defined as the scientific study of 
the interaction between the worker, the equipment, 
the task, and the environment, seeks to optimize these 
variables to improve efficiency and reduce injury risk.1 
In ENT, the integration of advanced visualization 
technologies—ranging from high-magnification 
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ABSTRACT
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interventions required to sustain a surgical career. 
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lence of neck complaints as high as 92.53%. Female surgeons face a disproportionately high risk due to anthropometric challenges, such 
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and the institutional level.
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operating microscopes to rigid endoscopes and robotic 
exoscopes—has revolutionized surgical outcomes 
but simultaneously imposed rigid biomechanical 
constraints on the surgeon. This analysis provides 
a comprehensive examination of the ergonomic 
landscape in otorhinolaryngology, synthesizing 
epidemiological data, biomechanical mechanisms of 
injury, and evidence-based interventions to support a 
sustainable surgical career.

METHODOLOGY
This systematic narrative review was conducted 
to analyse the biomechanical underpinnings and 
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occupational health strategies in otorhinolaryngology. 
A narrative synthesis approach was preferred over 
a quantitative meta-analysis due to the profound 
methodological heterogeneity of the identified 
evidence, which integrated biomechanical load 
modelling, RULA-based ergonomic scoring, and 
national epidemiological surveys. These diverse data 
sources—ranging from comparative modality analyses 
(microscope versus 3D-exoscope) to gender-based 
anthropometric disparity metrics—precluded the 
calculation of a statistically valid pooled effect size.

A comprehensive search was finalized in February 
2026 across PubMed/MEDLINE, Scopus, Web of 
Science, Embase, CINAHL, and the Cochrane Library. 
The search strategy utilized high-sensitivity Boolean 
strings, such as (“surgical ergonomics” OR “WRMD”) 
AND (“otorhinolaryngology” OR “ENT”), to 
identify English-language original research published 
between 2000 and 2026. Eligibility criteria focused 
on otorhinolaryngologists and trainees (Population), 
musculoskeletal outcomes and biomechanical load 
(Concept), and operating or simulation environments 
(Context). This electronic search was supplemented 
by manual reference screening and an audit of 
global occupational health guidelines to ensure a 
comprehensive overview of institutional redesign and 
behavioural interventions.

The findings were synthesized through a thematic 
approach that mapped biomechanical strain 
mechanisms against educational interventions—such as 
“just-in-time” training—and institutional optimization 
strategies, effectively grounding individual ergonomics 
within a broader systems engineering framework. 20 
studies were incorporated into the final synthesis, 
providing a robust evidentiary foundation for 
the proposed framework to enhance workforce 
sustainability and clinician well-being in the specialty. 

DISCUSSION

The prevalence of musculoskeletal disorders among 
surgeons is remarkably high compared to the general 
population, with otorhinolaryngologists reporting some 
of the most alarming rates of occupational pain. Global 
systematic reviews and meta-analyses indicate that the 
proportion of surgeons suffering from WRMDs varies 
significantly by continent, yet remains a pervasive 
issue across all healthcare systems.2

Data derived from systematic reviews suggest an 
overall prevalence of WRMDs among surgeons 
reaching 77.6% in Asia, 73.1% in Europe, and 62.8% 
in America.2 In specific cohorts of otorhinolaryngolo-
gists, the figures are even more striking. For example, 
a large-scale Canadian study found that 97% of ENT 
physicians experienced musculoskeletal complaints at 
some point in their careers.3 Similarly, research from 
Ireland reported a prevalence of 75.5%.4

The anatomical distribution of these injuries is not 
random but reflects the unique postural demands of 
the specialty. The cervical spine, or neck, consistently 
emerges as the most vulnerable region. In a nationwide 
survey of German ENT physicians, the lifetime 
prevalence of neck complaints reached 92.53%, with 
81.55% of respondents experiencing symptoms within 
the previous 12 months.5 (Table 1)

Table  1. The anatomical distribution of injuries among German and Irish 
ENT physicians

Anatomical 
region

German ENT 
Survey5: Overall 
Prevalence (%)

German ENT Sur-
vey5: 12-Month 
Prevalence (%)

Irish ENT Survey4: 
Reported Preva-

lence (%)

Neck 92.53 81.55 59.00

Lower back 72.79 55.89 33.00

Upper back 65.04 55.13 35.00

Shoulder 67.28 54.48 28.00

Elbow 26.26 (Hip/Elbow) 20.67 10.00

Wrist/Hand 22.36 (Foot) 17.01 18.00

Knee 33.02 22.39 20.40

These statistics highlight a significant “survivor effect” 
often observed in surgical ergonomics research. In 
several regions, a negative correlation exists between 
age or years of experience and the prevalence of 
neck/shoulder pain.2 This suggests that surgeons who 
develop severe, debilitating symptoms early in their 
careers may be forced to leave the clinical workforce, 
while those who remain are either physiologically more 
resilient or have successfully adapted their ergonomic 
practices.6,7

The Impact of Prolonged Static Posture

The fundamental mechanism of injury in 
otorhinolaryngology is the maintenance of prolonged 
static postures. Unlike dynamic tasks that allow for 
muscle perfusion and recovery, static loads lead to 
sustained muscle contraction, which restricts blood 
flow and facilitates the accumulation of metabolic waste 
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products, eventually leading to chronic inflammation 
and tissue damage.8,9 In ENT, this is frequently 
manifested during microscopic and endoscopic 
procedures where the surgeon must remain motionless 
to maintain the focus and stability of the instruments 
within narrow anatomical corridors.

The physiological burden of these postures is 
particularly evident in the cervical spine. As the head 
tilts forward into flexion—a common requirement 
when using an operating microscope—the effective 
weight of the head on the cervical spine increases 
exponentially. At 60 degrees of flexion, the additional 
load on the neck is approximately 27 kg, placing an 
immense strain on the cervical flexor and extensor 
musculature.8 (Figure 1)

Comparative Ergonomic Profiles of Surgical 
Modalities

The specific risks faced by an ENT surgeon are largely 
dictated by the visualization tool being utilized. Each 
modality—microscopic, endoscopic, and exoscopic—
imposes a unique set of biomechanical constraints.

The Operating Microscope: The Traditional 
Ergonomic Hazard

Microscopic surgery remains the gold standard 
for otologic and microlaryngeal procedures, yet it 
represents the highest risk profile for cervical and back 
injury. Use of the microscope necessitates a “locked” 
position, where the surgeon’s head is fixed to the 
eyepieces, often requiring significant neck flexion and 
a forward-leaning trunk posture.8,10

Objective assessments using the Rapid Upper Limb 
Assessment (RULA)—a validated tool where scores 
above 5 indicate a need for intervention—consistently 
show higher risk for microscopic surgery. For example, 
mean RULA scores for microscopic ear surgery are 
typically around 5.9, compared to lower scores for 
emerging technologies.10,11 Furthermore, surgeons using 
the microscope spend up to 73% of their operative time 
in ergonomically high-risk neck positions.10 (Table 2)

Endoscopic Surgery and the Monitor-Centric 
Challenge

The advent of endoscopic sinus and skull base surgery 
was initially expected to improve ergonomics by 
allowing a “heads-up” posture. However, endoscopy 
introduced new challenges, primarily related to the 
positioning of the video monitor. If the monitor is not 
placed directly in front of the surgeon at eye level, 
it forces the practitioner into torso torsion and neck 
rotation.1

Surgeons in this field also face the challenge of 
single-handed surgery, where one hand is dedicated 
to holding the endoscope, often in a static, fatiguing 
position. Research indicates that endoscopic surgeons 
are at particularly high risk for WRMDs, with up to 
97% reporting occupational pain. The specific use 
of handheld tools in endoscopy also increases risk; 
however, prototypes such as forearm-mounted handles 
and pistol-grip handles have shown potential in 
reducing muscle activity and RULA scores compared 
to traditional instruments.7

Table  2. Association between surgical modality and mean Rapid Upper 
Limb Assessment (RULA) score10,11

Surgical 
Modality

Mean RULA 
Score

Typical Risk 
Level

Key Biomechanical Constraint

Operating 
microscope

5.9
Moderate 
to High

Fixed head position, prolonged 
neck/back flexion

Rigid  
endoscope

5.0 – 5.5 Moderate
Monitor-centric setup, torso 

torsion

3D-Exo-
scope

4.0 Low
Heads-up posture, decoupled 

visualization

Total Laryn-
gectomy

7
Very High 

Risk
Prolonged flexion, standing

Flap Recon-
struction

5 – 6 
Medium 

Risk
Static arm elevation, precision

Endoscopic 
Skull Base 
surgery

5
Medium 

Risk
Torque on wrist, neck rotation

Figure 1: Illustration of an ear surgeon employing poor posture when 
using the operating microscope. Image generated using AI on Gemini 
Nano Banana (Google, 2026)
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The 3D-Exoscope: A Robotic Ergonomic Solution

The 3D-exoscope, a digital robotic microscope that 
displays images on a large monitor or a head-mounted 
device (HMD), represents a significant ergonomic 
advancement. By decoupling the visualization system 
from the surgeon’s physical head position, the exoscope 
allows for a neutral, upright spine.10

Studies comparing the RoboticScope to traditional 
microscopes demonstrate that the exoscope significantly 
reduces physical strain and effort while maintaining 
similar cognitive workloads. The mean RULA score 
for exoscopic surgery is approximately 4.0, which is 
significantly lower than the 5.9 recorded for microscopic 
procedures. Furthermore, the exoscope allows 
supervisors and trainees to share the same binocular 3D 
view, enhancing the educational experience without the 
ergonomic penalty of a beam-splitter.10

Specialized Biomechanical Stressors in ENT 
Subspecialties

While general ENT practice carries high risk, certain 
subspecialties face unique stressors that require 
tailored ergonomic strategies. In head and neck 
oncology, procedures such as total laryngectomy with 
flap reconstruction often require surgeons to stand for 
many hours. These cases involve working in small, 
deep anatomical spaces, necessitating prolonged 
neck and back flexion. Standing for extended periods 
is associated with significantly higher pain levels 
compared to sitting; only 14.4% of surgeons report pain 
while sitting versus 54.9% when standing.12 (Table 2)

In these open cases, the use of head-mounted 
equipment—such as headlights and loupes—adds 
approximately 1.72 lbs of weight to the head, further 
increasing the load on the cervical spine.13 For these 

surgeons, the use of ergonomic prism loupes is essential. 
Brands like ErgoPrism use pentaprisms to shift the line 
of sight downward by 15-25 degrees while the head 
remains in a neutral, upright position.14

Even short procedures in pediatric ENT, such as 
tympanostomy tube insertion and tonsillectomy, 
confer substantial ergonomic risk. Research at tertiary 
children’s hospitals found that 0% of intraoperative 
observations reached a “negligible” risk level, with 
16% categorized as “very high risk”.15 Tonsillectomies, 
in particular, often involve awkward neck and trunk 
angles as the surgeon leans over the patient to visualize 
the oropharynx. In this context, real-time biofeedback 
has shown promise. The use of a vibrotactile 
biofeedback device, which vibrates when a surgeon 
enters a high-risk posture, was associated with a 30% 
reduction in time spent in at-risk positions during 
pediatric procedures.16

Operating Room Design and Intraoperative 
Guidelines

The physical layout of the operating room (OR) is a 
fundamental determinant of surgical ergonomics. 
Failure to optimize table height, monitor placement, 
and instrument access forces the surgeon to adapt their 
body to the room, rather than the room to their body. For 
both endoscopic and exoscopic surgery, the placement 
of the monitor is the most critical variable. The monitor 
should be positioned directly in front of the surgeon to 
create a straight line between the surgeon’s eyes, the 
operating field, and the display.1 (Table 3)

Table  3. Recommended Specifications for Optimization of the Video Monitor 
Setup for Endoscopic and Exoscopic Surgery1

Parameter
Recommended Speci-

fication
Ergonomic Rationale

Monitor Height Upper edge at eye level
Prevents neck flexion and 

extension

Screen Center 17-18° below eye level
Aligns with the natural 

downward gaze

Monitor Distance
140-305 cm (57 
-m121 inches)

Minimizes eye strain and 
leaning forward

Secondary Screens
Angled slightly on 
dominant eye side

Reduced neck rotation

Figure 2: Illustration of an ear surgeon employing optimal ergonomics 
when using the operating microscope. Image generated using AI on 
Gemini Nano Banana (Google, 2026)
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The height of the OR table should be adjusted relative 
to the surgeon’s stature to ensure the upper extremities 
remain in a neutral position. For open surgery, the table 
should be set so that the surgeon’s hands are at elbow 
height, with elbows flexed between 90 and 120 degrees. 
Shoulders should remain relaxed, with abduction kept 
to less than 30 degrees to minimize the risk of rotator 
cuff pathology.1

For seated procedures, such as ear surgery, the chair 
should be adjusted to match the surgeon’s popliteal 
height, with the thighs parallel to the floor. The chair 
should ideally include articulated arm supports to 
offload the weight of the upper arms during fine motor 
tasks.1 (Figure 2)

Small environmental adjustments can yield significant 
ergonomic benefits. For instance, the use of anti-fatigue 
mats can reduce lower extremity discomfort and venous 
stasis during long standing cases. Foot pedals for 
microscopes or drills should be placed directly in front 
of the working foot to prevent hip rotation and pelvic 
tilt. Furthermore, the use of self-retaining retractors is 
preferred over handheld ones to limit extreme wrist 
excursion and static tension in the assistants and 
surgeons.1

Ergonomics in Surgical Training: A Critical Gap

The development of WRMDs often begins during 
residency, where trainees frequently prioritize clinical 
exposure over their own physical well-being. Surveys 
indicate that up to 93% of otorhinolaryngology trainees 
with less than five years of experience already report 
musculoskeletal symptoms.10,17

Historically, ergonomic education has been absent 
from surgical training. However, new platforms like 
the Otolaryngology Core Curriculum (OCC) are 
beginning to standardize resident education, providing 
an opportunity to integrate ergonomic principles into 
the foundational knowledge base of all trainees.18 
Standardizing this education is critical for ensuring 
that residents in smaller or under-resourced programs 
receive the same level of preparation as those at larger 
institutions.

Pilot studies have explored “Just-in-Time” (JIT) 
ergonomic teaching—brief, targeted instructional 
sessions delivered immediately before a surgical 
task. In microscopic temporal bone surgery labs, 

junior residents who received JIT training adopted 
significantly safer back flexion angles (5.7°) compared 
to those who did not (25.3°). Interestingly, senior 
residents showed less change, suggesting that once 
poor ergonomic habits are established, they are much 
harder to correct.19 This underscores the necessity of 
implementing ergonomic training at the earliest stages 
of postgraduate year 1 (PGY-1).

Institutional Impact: Burnout, Safety, and Career 
Longevity

The implications of poor ergonomics extend beyond the 
individual surgeon to the entire healthcare institution. 
WRMDs are a significant contributor to physician 
burnout, reduced productivity, and impaired patient 
safety.

Burnout in otorhinolaryngology residents is reported at 
rates as high as 58.6%.6 While burnout is traditionally 
viewed as a psychological phenomenon related to 
workload and emotional exhaustion, there is an 
undeniable link to physical health. Chronic pain leads 
to increased irritability, decreased patience, and a 
reduction in professional work effort.20 Longitudinal 
evaluations have shown that as emotional exhaustion 
increases, surgeons are 43% more likely to reduce their 
full-time equivalent (FTE) units, contributing to the 
growing physician shortage.6

Ergonomics directly influences surgical precision. 
Muscle fatigue, particularly in the upper limbs, can lead 
to tremors or a loss of fine motor control.21 Furthermore, 
cognitive fatigue resulting from prolonged procedures 
and physical discomfort can impair concentration and 
increase the likelihood of surgical errors.12,21 Studies 
suggest that integrating ergonomic assessments into 
the OR can proposal specific interventions that not 
only detect environmental risks but also proactively 
improve the safety of the procedure for the patient.21

The long-term consequence of unaddressed WRMDs 
is the premature exit of skilled surgeons from the 
workforce. In the UK, 22.9% of ENT surgeons with 
WRMDs required time off work, and some were forced 
into early retirement.22 With a projected shortage 
of over 25,000 surgeons by 2025, the loss of even a 
small percentage of practitioners due to preventable 
musculoskeletal injuries represents a significant 
societal and financial cost.20
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The Gender Gap in Surgical Ergonomics

Recent research has highlighted that female surgeons 
face a disproportionately high risk of work-related 
injuries. Meta-analyses show that female surgeons are 
significantly more likely to experience WRIs than their 
male counterparts (69.7% vs. 30.6%).20

This disparity is largely driven by a lack of equipment 
designed for diverse body types. Most surgical 
instruments are sized for the “average” male hand, 
forcing female surgeons with smaller hands to use 
greater relative force to operate them.21 This increased 
physical demand leads to higher RULA scores and 
accelerated fatigue. Additionally, female surgeons 
are more likely to report neck and upper back issues.3 
Institutional changes are required to provide a broader 
range of instrument sizes and adjustable consoles—
such as those seen in newer robotic systems like the da 
Vinci 5—which are designed to accommodate a wider 
range of body types, including pregnant surgeons.

Behavioral Interventions and Microbreaks

In addition to technological and environmental changes, 
surgeons must adopt behavioral strategies to mitigate 
the effects of static loading. To address eye strain and 
cervical tension, the “20/20/20 rule” is recommended: 
every 20 minutes, a surgeon should take a 20-second 
break to look at an object 20 feet away. Intraoperative 
microbreaks, lasting only 1-2 minutes every 20-40 
minutes of operative time, can be used to perform 
guided stretches and muscle activation exercises for the 
neck, back, and hands. These breaks have been shown 
to reduce fatigue without disrupting surgical workflow 
or increasing the total duration of the procedure.1

Surgeons are occupational athletes, and their physical 
conditioning should reflect the demands of their trade. 
Strengthening the core, paraspinal, and shoulder girdle 
musculature can increase the body’s threshold for 
static loading. Proactive engagement with physical or 
occupational therapists to design a surgeon-specific 
conditioning program can extend career longevity and 
reduce the severity of WRMD symptoms.1

The data presented in this analysis underscore an 
unacceptable level of ergonomic risk within the field of 
otorhinolaryngology. The transition from a “physician 
misery” to an ergonomic standard requires intervention 
at three distinct levels:

1.  Individual Level:  Surgeons must adopt neutral 
operating postures, utilize ergonomic equipment 
like prism loupes and exoscopes, and implement 
intraoperative microbreaks and physical conditioning.1

2.  Educational Level:  Residency programs must 
integrate formal ergonomic curricula and JIT teaching 
to instill healthy habits from the start of surgical 
training.17,19

3.  Institutional Level:  Hospitals must prioritize the 
procurement of adjustable OR equipment, diverse 
instrument sizes, and the implementation of workstation 
redesign programs led by ergonomic experts.22

CONCLUSION

The “impending epidemic” of musculoskeletal 
disorders among otorhinolaryngologists is not an 
inevitable consequence of the profession. By applying 
the science of ergonomics to the OR, the surgical 
community can preserve the health of its most valuable 
asset—the surgeon—while continuing to provide 
high-precision, life-improving care for patients. 
The pursuit of surgical excellence must no longer be 
synonymous with personal physical sacrifice.
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