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Abstract

Objective. Work-related musculoskeletal disorders in ENT surgeons are common and detri-
mental, yet few are aware of preventative measures. We evaluate the evidence for interventions
to prevent work-related musculoskeletal disorders in ENT surgeons.

Method. A systematic search of databases up to 8 June 2021 was performed using Preferred
Reporting Items for Systematic Review and Meta-Analyses guidelines and predetermined
inclusion criteria.

Results. Seven prospective cohort studies and 2 case series were identified (51 participants).
Interventions included novel equipment (n=3), patient positioning (n = 2), clinician posi-
tioning (n=3) and operative technique (n=1). Five studies reported Rapid Upper Limb
Assessment scores as outcome measures of strain. Strain decreased when adopting a favour-
able operating posture, using a supportive chair and keeping patients supine for clinic
procedures.

Conclusion. A small number of low-quality studies were identified. Modifiable risk factors
exist, and ergonomic education may help prevent work-related musculoskeletal disorders.
Further studies with longer term follow up are required.

Introduction

ENT surgeons are at high risk of work-related musculoskeletal disorders during their
careers, with a reported prevalence between 47 and 90 per cent.'”” This appears consistent
with, if not higher than, what has been reported with other surgical specialties and cer-
tainly higher than that reported in the general working population across Europe.®
Work-related musculoskeletal disorders are conditions that arise over time as a conse-
quence of, or made worse by, repeated actions or exposures associated with any particular
occupation and can include tendonitis and carpal tunnel syndrome as well as musculo-
skeletal pain, swelling, stiffness, restricted movement, and fatigue.

The UK Health and Safety Executive particularly notes that these disorders are more
common with prolonged repetitive work, with uncomfortable or awkward working pos-
tures, with sustained or excessive force, with carrying out a task without suitable rest
breaks and working with powered tools.'® Considering ways to reduce or eliminate the
risks of work-related musculoskeletal disorders is advocated by the UK Health and
Safety Executive.

Psychosocial risk factors may also be at play in making people more likely to develop
and report work-related musculoskeletal disorders, such as high workloads and tight
deadlines. Risk factors for the ENT surgeon include poor posture and ergonomic strain
combined with routine and repetitive use of specialist equipment in clinics and operating
theatres, including microscopes, endoscopes, loupes and headlamps, which can contribute
to excessive strain and a higher risk of developing work-related musculoskeletal disor-
ders.'” "> These risks can be categorised into equipment-based and surgeon and patient
position-based risk factors as a recent systematic review has shown.**

The overall cost of work-related musculoskeletal disorders in the European Union is
estimated to be between 0.5 per cent and 2 per cent of gross national product.”®
Work-related injury in ENT surgeons leads to pain, discomfort, time off work, early
retirement and detrimental effects on stamina, sleep, relationships, concentration and sur-
gical speed.**"*° These problems can start as early as the first few years of ENT training.”’

Despite the impact of work-related musculoskeletal disorders and a legal requirement
in the UK for employers to carry out a risk assessment and protect workers from injury,
only up to 24 per cent of ENT surgeons have received training or education in how to
prevent such injuries and only 31 per cent are aware of ergonomic principles designed
to prevent musculoskeletal injury.”»**** We systematically examined the evidence for
interventions to prevent work-related musculoskeletal disorders in ENT surgeons and
trainees.
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Table 1. Population, Interventions, Comparison, Outcome search strategy

623

Population Intervention

Control Outcome

ENT surgeons and trainees* Interventions with intent to prevent

work-related musculoskeletal disorders

Current standard practice Primary: diagnoses of work-related
musculoskeletal disorders
Secondary: signs, symptoms and

measures of ergonomic strain

*Parameters of our search used to identify the population of interest are shown below, each of which was formed of multiple keywords linked with the operator ‘OR’. These three parameters
were then combined using the operator ‘AND’ to create our final search criteria. The wildcard character **’ was used to account for multiple derivations of the intended keyword. (1) ENT or
otolaryngog* or otolog* or rhinolog* or laryng* or endoscop*; (2) occupation* or work-related or ergonomic*; (3) strain* or symptom* or disorder* or discomfort* or problem* or pain* or

injur* or complain* or stress* or disease* or ill* or musculoskeletal or neck or back or cervical

Studies identified through
database searching (n = 5064)

Duplicate studies excluded
(n=1252)

Y
Studies screened by title
(n=3812)

Studies excluded after initial
screening (n = 3737)

A4
Full text articles for detailed
evaluation (n=75)

Studies excluded after detailed
evaluation (n = 66)

¥

Relevant studies meeting

inclusion criteria for review
(n=29)

Fig. 1. Flowchart of Preferred Reporting Items for Systematic Review and
Meta-Analyses methodology.

Materials and methods

The authors conducted a systematic literature search between
1974 and 8 June 2021 using Ovid to search Medline and
Embase databases. A Population, Interventions, Comparison,
Outcome search strategy using specific parameters and key-
words was adopted to identify relevant articles as shown in
Table 1. Duplicates were removed using the automated func-
tion within Ovid.

One author (BS) screened 3812 unique articles by title rele-
vance alone, which identified 75 potential articles. Two
authors (BS and MV) independently reviewed the abstracts.
Predetermined inclusion criteria included any trial of any
intervention to prevent musculoskeletal disorders in ENT
surgeons in any clinical setting. Systematic reviews and
meta-analyses were excluded.

The full-text of the selected studies was then comprehen-
sively reviewed for their setting, interventions, participants,
outcome measures and results. The search was summarised
in a flowchart following the Preferred Reporting Items for
Systematic Review and Meta-Analyses guidelines (Figure 1).
One author (BS) assessed the level of evidence of the selected
studies with respect to the Oxford Centre for Evidence-Based
Medicine evidence table and assessed the risk of bias using the
Robins-I tool.>*?! A second author (MV) then verified these

https://doi.org/10.1017/50022215121002590 Published online by Cambridge University Press

measures with any discrepancy being discussed between the
two authors before an agreement was reached and published
(Table 2).

Results

Nine studies were included with a total of 51 participants
(50 ENT surgeons or trainees and 1 nurse; see Table 2).
Seven prospective cohort studies and two case series were
identified. No randomised, controlled trials met inclusion cri-
teria. Quantitative meta-analysis was not possible because of
heterogeneity between studies, so a descriptive analysis was
performed (Table 3).

Of the nine studies included in our review, four were based
in a simulated operating theatre setting, two were in an oper-
ating theatre setting, two were in a simulated clinic environ-
ment and one was in a clinic. Five studies utilised Rapid
Upper Limb Assessment scores (ranging from 1 to 7 with
higher scores indicating higher risk of ergonomic stress) as pri-
mary outcome measures. Other outcomes as measures of early
symptoms of work-related musculoskeletal disorders included
a change in surface electromyography, prevalence of neck and
back pain, and time of onset of neck and back fatigue and
pain.

Equipment-based interventions

Three studies investigated novel equipment. Vijendren et al.
(2017) investigated a modified chair with sternal support to
maintain a neutral position of the cervical and thoracic
spine along with a cushion to rest the forehead on to reduce
the load on the cervical joints during clinic procedures.*>
Outcome measures were time to fatigue and pain in the
neck and back as well as surface electromyography as a meas-
ure of muscular activity as a percentage of the resting value for
each participant. The authors reported an increase in time to
neck fatigue (p <0.05) and neck pain (p <0.05) when using
the ergonomic chair compared with a standard operating
chair but no statistically significant delay in back fatigue
(p=0.11) or back pain (p=0.21). There was no correlation
with surgical experience. They also demonstrated significant
reductions in surface electromyography from the neck ( p < 0.05)
and back (p <0.05) when using an ergonomic chair compared
with a standard operating chair.

Statham et al. (2010) compared use of a standard design
operative chair with articulated arm support against resting
arms on a Mayo stand and without any arm support during
simulated microlaryngoscopy.”> Outcome measures of Rapid
Upper Limb Assessment scores were higher, in general, for
participants when no upper extremity support was used; stat-
istical significance was not calculated. The degree of neck
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Table 2. Studies implementing an intervention to prevent work-related musculoskeletal disorders within ENT practice

Level of Risk of bias
Study Type of study evidence Setting Intervention, type & control Participants Outcome measures (Robins-I tool)
Lobo et al.,* 2019 Prospective 4 Operating Clinician positioning intervention: 6 participants: Rapid Upper Limb Assessment Moderate
cohort study theatre sitting vs standing positioning for 4 rhinologists, scores of ergonomic strain
simulation endoscopic sinus surgery 2 ENT residents
Govil et al.,* 2018 Prospective 4 Clinic Patient positioning intervention: 2 participants: Rapid Upper Limb Assessment Moderate-serious
cohort study sitting vs supine positioning for otological 2 neuro-otologists scores of ergonomic strain
procedures
Govil et al.,* 2017 Prospective 4 Clinic Patient positioning intervention: sitting vs 3 participants: Rapid Upper Limb Assessment Moderate
cohort study simulation supine positioning for otological procedures 3 neuro-otologists scores of ergonomic strain
Ramakrishnan & Prospective 4 Operating Clinician positioning intervention: 1 participant: Change in electromyography Moderate
Milam,*® 2017 cohort study theatre sitting vs standing positioning for 1 ENT surgeon mean power frequency
simulation endoscopic sinus surgery National Aeronautics and Space
Administration Task Load Index
survey
Vijendren et al.,** 2017 Prospective 4 Clinic Equipment-based intervention: prototype 10 participants: Time of onset of neck and back Moderate
cohort study simulation postural support chair vs normal 3 ENT surgeons; fatigue and pain
arm-support chair 5 ENT registrars;
1 nurse;
1 foundation doctor
Smith et al.,>” 2015 Prospective 4 Operating Clinician positioning intervention: 18 participants: Rapid Upper Limb Assessment Moderate
cohort study theatre favourable vs unfavourable position in 18 ENT residents scores of ergonomic strain;
simulation microlaryngoscopy and fellows microbreaks; task repetitions;
pain survey
Chen et al.,** 2012 Case series 4 Operating Equipment-based intervention: head 1 participant: Overall impression including general Critical
theatre mounted microscope vs stand-mounted 1 ENT surgeon ergonomics
operating microscope
Lee et al.,** 2011 Case series 4 Operating Operative technique intervention: robotic 7 participants: Prevalence of neck and back pain Serious
theatre thyroidectomy vs endoscopic and open 7 surgeons
thyroidectomy (specialty
unspecified)
Statham et al.,*® 2010 Prospective 4 Operating Equipment-based intervention: operative 3 participants: Rapid Upper Limb Assessment Moderate
cohort study theatre chair with purpose-articulated arm supports 3 laryngologists scores of ergonomic strain
simulation vs Mayo stand support and no arm support
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Table 3. Results of studies implementing an intervention to prevent work-related musculoskeletal disorders within ENT practice

Study Results

Lobo et al.,* 2019 Rapid Upper Limb Assessment scores for wrist and arm strain while standing to operate were lower than those for neck and
trunk strain
Rapid Upper Limb Assessment scores for wrist and arm strain while sitting to operate were higher than those for neck and

trunk strain

Govil et al.,* 2018 Median Rapid Upper Limb Assessment score with patient in sitting position 4.5

Median Rapid Upper Limb Assessment score with patient in supine position 2.0

Govil et al.,* 2017 Median Rapid Upper Limb Assessment score with patient in sitting position 5.0

Median Rapid Upper Limb Assessment score with patient in supine position 3.0

Ramakrishnan & Milam,®

2017 deltoid

Change in electromyography mean power frequency positive for left biceps femoris, left medial deltoid and right medial

National Aeronautics and Space Administration Task Load Index survey was comparable between standing and seated

positions

Vijendren et al.,** 2017

Mean time to neck fatigue: 348 seconds, and mean time to neck pain: 846 seconds with normal arm-support chair

Mean time to neck fatigue: 1019 seconds, and mean time to neck pain: 1274 seconds with postural support chair
Mean time to back fatigue: 502 seconds, and mean time to back pain: 821 seconds with normal arm-support chair
Mean time to back fatigue: 622 seconds, and mean time to back pain: 1039 seconds with postural support chair

Smith et al.,>" 2015

Mean Rapid Upper Limb Assessment score with clinician in favourable position, 3.1+0.3

Mean Rapid Upper Limb Assessment score with clinician in unfavourable position, 3.8 +0.5

Mean number of microbreaks in favourable position, 0.7 + 0.8

Mean number of microbreaks in unfavourable position, 3.2 +3.0

Mean number of task repetitions in favourable position, 73.5+13.8

Mean number of task repetitions in unfavourable position, 67.0 £ 15.4

Pain survey reported greater pain in anterior shoulder and posterior shoulder in unfavourable position compared with

favourable

Chen et al.** 2012

Decreased lever-arm distance and better ergonomics in laryngoscopic microsurgery

Lee et al.,** 2011

100% (n=7) of respondents reported neck and/or back pain following open thyroidectomy

85.7% (n=6) of respondents reported neck and/or back pain following endoscopic thyroidectomy
28.6% (n=2) of respondents reported neck and/or back pain following robotic thyroidectomy

Statham et al.,** 2010

Median Rapid Upper Limb Assessment score of 3.0 when using an operative chair with purpose-articulated arms

Median Rapid Upper Limb Assessment score of 3.0 when using a Mayo stand to support upper extremities
Median Rapid Upper Limb Assessment score of 4.0 when using no upper extremity support

flexion was also lowest when using an operative chair with
purpose-articulated arms.

Chen et al. (2012) investigated a head-mounted microscope
and compared it with a stand-mounted microscope with a sin-
gle ENT surgeon conducting five phonomicrosurgical proce-
dures.>® They noted that the head-mounted microscope
substantially reduced the working distance between operator
and operating field. This in turn reduces the arm lever and
the force exerted by muscles, thereby delaying musculoskeletal
fatigue.

Patient positioning

Two studies by the same authors investigated ergonomic stress
on clinicians performing clinic otological procedures in the
clinic with patients in either an upright seated position or
supine. Govil et al. (2017 and 2018) looked to measure
Rapid Upper Limb Assessment scores by observing joint posi-
tions of clinicians while performing cerumen removal using a
wall-mounted microscope.”>*® The authors showed a reduc-
tion of 2.0 points (p<0.05) on the Rapid Upper Limb
Assessment scoring system in their first study when mock
patients were supine versus sitting, and one year later demon-
strated a similar reduction of 2.5 points ( p < 0.05) in another
study involving 24 genuine patients.

Clinician positioning

Three studies looked into positioning of the clinician. Smith
et al. (2015) randomly assigned participants to perform
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simulated microlaryngoscopy in either a designated favourable
(laryngoscope angle of 40° from the horizon, 0-10° neck flex-
ion and with the addition of forearm support at a comfortable
height for each surgeon) or unfavourable (laryngoscope angle
of 60°, 20-30° neck flexion, and no forearm support) positions
as based on data from Statham et al. (2010).”” Doctors allo-
cated to the ergonomically favourable position demonstrated
reduced Rapid Upper Limb Assessment scores (p <0.05),
fewer microbreaks (p <0.05), fewer task repetitions (p<
0.05), less self-reported pain (p <0.05) and better usability
(p <0.05). There were no significant changes to relevant elec-
tromyography metrics.

Ramakrishnan and Milam (2017) compared fatigue for
standing and sitting positions when a single surgeon per-
formed simulated bilateral functional endoscopic sinus surgery
in eight cadaver heads.”® They found that there were many
confounding factors limiting direct comparison; however, elec-
tromyography mean power frequency improved for the left
biceps femoris and bilateral medial deltoids in the seated pos-
ition compared with the standing position, representing less
fatigue. The National Aeronautics and Space Administration
Task Load Index survey was comparable between the two posi-
tions, although tasks were more frustrating in the seated pos-
ition. A physical discomfort questionnaire was also completed
with statistically significant worsening discomfort seen in the
hamstrings, right calf and eyes on standing.

Lobo et al. (2019) also investigated ergonomics during
simulated cadaveric endoscopic sinus surgery.”” Five of six
participants adopted a standing position while one preferred
the use of a seated position. Overall Rapid Upper Limb
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Assessment scores were lower for the seated than the standing
position. Rapid Upper Limb Assessment scores for wrist and
arm strain while standing to operate were lower than those
for neck and trunk strain. The reverse was true for the one sur-
geon who was seated, with higher Rapid Upper Limb
Assessment scores for wrist and arm strain compared with
those for neck and trunk. There was no significant association
between years in practice and Rapid Upper Limb Assessment
score.

Operative technique

Only one study looked into operative technique as an ergo-
nomic intervention. Lee et al. (2011) conducted a survey evalu-
ating  musculoskeletal — discomfort while performing
thyroidectomy, primarily assessing the difference in ergonom-
ics between robotic, endoscopic and open thyroidectomy tech-
niques.** When asked to rank the three approaches based on
the pain and discomfort associated with each, most respon-
dents selected the endoscopic approach as causing the most
pain.

Discussion

Despite the high prevalence of work-related musculoskeletal
disorders in ENT surgeons, our systematic review identified
very little evidence on preventative interventions. The few
studies identified were of low quality and included a small
number of participants with a variety of outcome measures.
However, the limited evidence available suggests that opti-
mised patient positioning, clinician posture and the use of sup-
portive equipment may reduce ergonomic strain and
symptoms associated with work-related musculoskeletal disor-
ders such as neck and back pain.

Five of the nine included studies measured Rapid Upper
Limb Assessment scores as an outcome measure for their
intervention. Rapid Upper Limb Assessment scores are a vali-
dated numerical measure of the risk of neck, trunk and upper
limb strain associated with occupational ergonomic position-
ing; they are calculated by measuring observed joint angles
of various sites of the body, with a higher score indicating
greater risk of strain."’ This scoring system has been used suc-
cessfully in a number of other studies looking at surgical ergo-
nomics outside of otolaryngology, including laparoscopic,
plastic and dental surgery.*>™* Differences in the measure-
ment of Rapid Upper Limb Assessment scores made compari-
son between studies difficult. For instance, Govil et al. (2018)
used an observer in the room at the time of procedure whereas
Smith et al. (2015) measure data from static photography
taken at the end of each simulated test session.’®*” The result-
ing Rapid Upper Limb Assessment score may be affected by
the angle and aspect of the relevant photograph, which limits
the generalisability of Rapid Upper Limb Assessment scores
measured in different ways across studies.

Principles and interventions proposed outside of ENT sur-
gery may be worth considering. Preventative ergonomic pro-
grammes involving physical exercises and demonstrations
have shown good outcomes and may even be delivered virtu-
ally.***” One study examined the effect of the Alexander
Technique, a psychophysical re-education of the body, on pos-
ture in a cohort of laparoscopic surgeons.*® A Cochrane review
found evidence that short breaks reduced upper limb discom-
fort in office workers.”” These short breaks or ‘microbreaks’
may offer similar benefits for surgeons. However, there is
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still clearly a need for further research, with other recent sys-
tematic reviews into interventions to prevent work-related
musculoskeletal disorders in plastic surgeons and neurosur-
geons also concluding this to be an under-investigated
topic.'"'?

ENT surgeons are at high risk of work-related musculoskeletal disorders
Work-related injury can begin in the first few years of training and lead to
a range of problems

A literature search screened almost 4000 articles for possible
interventions for work-related musculoskeletal disorders in ENT surgeons
Only nine studies examining such interventions for ENT surgeons, all of
low-quality evidence, currently exist

The literature suggests that optimal positioning of patients and clinicians
during ENT procedures may reduce work-related strain

Further research in this area is required to produce high-quality evidence
and guidelines

Finally, employers may also be under legal duty to put into
place certain measures for their workers’ health. In the UK, the
Health and Safety Executive sets out a number of recommen-
dations to employers to carry out a thorough risk assessment
to protect workers from upper limb disorders in the work-
place.'® Following review, their suggestions include many fac-
tors already proposed in the surgical literature, such as
optimising equipment height, reducing repetitive actions and
changing posture for comfort depending on the exact tasks
identified as high risk.

Conclusion

Evidence for interventions preventing work-related musculo-
skeletal disorders in ENT surgeons is limited in its availability,
quality and scope. Low-quality evidence suggests that optimal
positioning of patients and clinicians during ENT procedures
may reduce work-related strain. Further research in this area is
needed, with the aim of producing high quality evidence-based
guidance to surgeons and trainees.

Competing interests. None declared
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