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ERGONOMICS AND WORK-RELATED
MUSCULOSKELETAL DISORDERS IN
THE OPERATING ROOM: DEFINING THE
PROBLEM

What is ergonomics? The word “ergonomics” derives from
the Greek ergon (labor) and nomia (arrangement). Ergonom-
ics is “the concept of designing the working environment to
fit the worker, instead of forcing the worker to fit the work-
ing environment.”! Although some study of the interaction
between humans and their work environments took place in
ancient Greece, medieval medicine, and 19th century Poland
and Germany, the field of ergonomics as an independent disci-
pline emerged only after World War II. The Human Factors and
Ergonomics Society was founded in 1957 with the mission “to
promote the discovery and exchange of knowledge concerning
the characteristics of human beings that are applicable to the
design of systems and devices of all kinds.”

Ergonomic interventions have demonstrated benefits across
a wide range of environments —from packing plants to sewing
to hospital workers—leading to decreases in lost workdays and
sick leave.® Ergonomic interventions can also improve work-
place efficiency, reduce costs, decrease waste of materials and
equipment, enhance corporate image, and increase employee
satisfaction.*?

What are work-related musculoskeletal disorders? Work-
related musculoskeletal disorders are defined by the Centers
for Disease Control and Prevention as “musculoskeletal disor-
ders in which the work environment and performance of work
contribute significantly to the condition; and/or the condition is
made worse or persists longer due to work conditions.”®

Because WMSDs have an enormous impact on absentee-
ism and productivity, they represent an important opportu-
nity for ergonomic intervention. According to the Bureau
of Labor Statistics, WMSDs in the private sector resulted
in 272 cases per 10,000 workers in the United States in
2018; on average, WMSDs required 12 days for return to
work.” The economic impact of WMSDs, accounting for
lost wages, compensation costs, and lost productivity, is
estimated by the National Academy of Medicine to be $45
to $54 billion/year.°

Prevention of WMSDs relies on avoidance of 7 specific high-
risk activities:®
e Repetitions, defined as cycle <30 seconds or 1 basic activ-

ity element present for >50% of total cycle time
e Prolonged or repetitive exertion of >30% of the opera-
tor’s strength

Body segments held in an extreme position

Prolonged static posture

Activities with vibrating tools

Exposure to cold

Combinations of the above conditions
Several of these high-risk activities are common during
surgery, including repetitive movements that require signifi-

cant force on the trunk and upper extremities, and extreme,
awkward, or prolonged static body positioning. As long as the
surgeon stands with correct alignment, prolonged standing is
not necessarily injurious. However, standing activities that
involve outstretched arms, lifting, or other forces must be coun-
terbalanced by the spinal muscles and may cause strain. In order
for workers in any industry to reduce the risk of occupational
low back pain, experts recommend 1) keeping extremities close
to the body, 2) using a compliant mat underneath the feet to
decrease spinal disc impact, and 3) alternating between sitting
and standing.’ Trunk rotation is a significant causal factor in low
back pain; this is a common problem for laparoscopic surgeons,
who often adopt twisted postures, sometimes as a result of
incorrect monitor position.!

WMSDs associated with performing surgery are common
across surgical specialties and modalities, and significantly
impact productivity. Despite this, few formalized ergonomics
programs have been implemented for surgeons.!! This may
relate in part to the underreporting of surgeon injuries to insti-
tutions,'>* as well as the challenges of studying surgical ergo-
nomics in the live operating room setting due to equipment and
sterile field limitations.”

PREVALENCE OF WORK-RELATED
MUSCULOSKELETAL DISORDERS AMONG
SURGEONS

A recent systematic review and meta-analysis evaluated 21
articles reporting prevalence of WMSDs among surgeons and
medical interventionists, with the majority of the articles from
general surgery, urology, and gynecology.'® Pooled prevalence
estimates were 17% for degenerative cervical spine disease,
18% for rotator cuff pathology, 19% for degenerative lumbar
disease, and 9% for carpal tunnel syndrome during surgeons’
careers. From 1997 to 2015, cervical and lumbar spine disease
among surgeons increased by 18% and 27%, respectively,’® a
situation that has been identified as “an impending epidemic.”"’
The impact on surgeon practice is impressive—12% of physi-
cians with WMSDs take a leave of absence, modify their prac-
tice, or opt for early retirement.!¢

Survey-based studies show that 56.5% to 94% of surgeons
reported discomfort related to open surgery.’>2* Pain is typi-
cally in the hands, arms, neck, back, and shoulders.'>!* Among
561 spine surgeons, 7.1% had undergone surgery for lumbar
disc disease and 4.6% for cervical disc disease; 31.9% took
time off from work for musculoskeletal disorders.> Among
American College of Surgeons members, 40% had sustained a
WMSD; although 50% had received medical care for WMSDs,
only 19% reported them to their institutions.™ Surgeon under-
reporting of injury may relate to a belief that pain and discom-
fort are an inherent “cost of the job”* in a field centered
around patient care, not surgeon comfort. Surgeons commonly
report that they “continue to work through the pain so that the
quality of their work w[ill] not suffer.”!? WMSDs from open
surgery can lead to time off work, decreased caseload, or early
retirement.!+2023

surgery, WMSD=work-related musculoskeletal disorder

ABBREVIATIONS: EMG=electromyography, RALS=robotic-assisted laparoscopic surgery, TLS=traditional laparoscopic
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Several studies have reported high rates of WMSDs related to
endourological procedures. In one study of 121 urologists, 69 %
reported musculoskeletal disorders related to endourological
transurethral resection of the prostate or laser prostatectomy.?
The most common areas of pain were the neck, back, shoul-
der, and hand. Five surgeons (4.1%) reported having needed to
stop a surgery or postpone subsequent surgeries due to pain.
Surgeons reported treatments including ice/heat/stretching
(53%), nonsteroidal anti-inflammatory medications (20% ), and
muscle relaxants (11%) to help with surgery-related pain.

Another study found that hand/wrist problems were report-
ed by 32% of endourologists, with 85% of affected surgeons
requiring either medical or surgical intervention.”” In a world-
wide survey of 764 urologists, 24 % reported neck pain and 35%
back pain. Of those with pain, 47% believed urological practice
to be the cause; 60% underwent noninvasive treatments (physi-
cal therapy, massage, and acupuncture) and 25% underwent
invasive treatments (injections or surgery) for pain.*

An international survey study found that 86% of urologists
had experienced musculoskeletal complaints in the past year;
48.8% experienced chronic complaints, most commonly in
the neck, back, and shoulders.”? Endourology (OR 3.06) and
traditional laparoscopic surgery (OR 1.7) were risk factors for
chronic symptoms. WMSDs attributable to endourology and
TLS required leaves <1 week in 3.9% and 5% of surgeons,
respectively; another 3.9% and 2.8% required leaves >1 week
due to endourology and TLS, respectively. Although most
surgeons (89.9%) felt ergonomics were important, only a third
rated their knowledge of ergonomics as “good” or “excellent,”
with the remainder reporting “fair” or “poor” knowledge.-

For TLS, survey-based studies report WMSD prevalence
between 73% and 100%, with the most common sites of injury
being the neck, back, shoulder, elbow, and wrist.!*'"033 In a
study of 244 gynecologic oncologists, 88% reported discom-
fort from minimally invasive surgery; 29% underwent treat-
ment and 9% modified their practice due to pain. Only 1%
had reported pain to their institutions and only 16% had ever
received formal training in ergonomics.”> Among European
Association for Endoscopic Surgery members, all respondents
believed operating room ergonomics were important, but only
11% were aware of published guidelines.*

A recent systematic review of 35 articles reported that, among
surgeons performing minimally invasive surgery, the prevalence
of musculoskeletal disorders was 74%, which the authors note
is considerably higher than the prevalence of such disorders in
the general population. Of surgeons with WMSDs, 27% devel-
oped chronic pain, most commonly in the neck (53%), back
(51%), shoulders (51%), and hands (33%).*

The same systematic review reported that in 7 studies, the
prevalence of musculoskeletal complaints associated with
robotic-assisted laparoscopic surgery was 56%, with chronic
WMSDs in 5% to 11.9% of surgeons.? The most common sites
of discomfort from RALS were the neck and hand/wrist region,
including the thumb and fingers. Respondents preferred RALS
to open surgery and TLS, and felt there was an ergonomic
benefit to robotic surgery. In one study cited, among surgeons
who suffered from WMSDs, 8.3% attributed their musculoskel-
etal complaints to robotic surgery, 36.3% to open surgery, and
55.4% to TLS.*

Robotic surgery is perceived by surgeons to be associated
with less wrist, neck, back, hip, knee, ankle, foot, shoulder, and

elbow pain than open or laparoscopic surgery.*** However,
robotic surgery may be associated with increased finger pain
and eye strain compared to other modalities, and also common-
ly produces pain in the neck and hand.?*%

In one of the few available interventional studies, Franasiak
et al reported that among 42 robotic surgeons, 45 % experienced
pain, including 26% with persistent pain.!! Two surgeons expe-
rienced pain that prevented them from carrying out normal
activities and 3 sought medical care; none had reported injuries
to their institutions. Only 17% had previously received ergo-
nomic training. After in-person training, 88% changed their
practice and 74% reported decreased pain. Training adjust-
ments included proper chair position to allow 90 degree knee
flexion, forearms parallel to the ground with elbows tucked at
the side, head flexion <20 degrees, minimizing forehead pres-
sure on headrest, and clutching frequently.!!

COST OF SURGEON WMSDs

While the literature regarding cost of WMSDs among surgeons
is limited, we do know that it has major implications regard-
ing caseload, practice patterns, and career longevity. Among
minimally invasive surgeons, 16% to 34.8% report that
WMSDs affect surgical performance and 6.7% to 17% report
decreasing their surgical caseload as a result of WMSDs.* In
one study, 22% of surgeons reported missing workdays due to
WMSDs with an average of 7 days per surgeon injury, and 35%
reported performing fewer procedures after their injury.! In
another study, 9% of surgeons performing minimally invasive
procedures reported stopping their surgical practice due to
WMSDs.® Up to 25% to 30% of surgeons consider musculo-
skeletal discomfort when planning their operative route.* For
instance, surgeon injury may necessitate switching from mini-
mally invasive to open techniques, negatively impacting patient
recovery times and access to advanced techniques.”

Of 56 surgeons in a study by Hallbeck et al, 80% reported
pain in the past day, with 41% reporting that pain interfered
with relations with others, 51% reporting that it interfered with
sleep, and 40% reporting that pain would influence their abil-
ity to perform or assist with surgical procedures in the future.”
Interference with sleep due to pain, as well as the ongoing pain
itself, can compromise task performance, accuracy, and ability
to process and confront unexpected events (such as a surgical
complication), all of which may impact patient safety.>

As stated by Dalager et al, “from a societal perspective, [the
truncated careers that can occur as a result of musculoskeletal
injury] may be problematic since it takes many years of educa-
tion to become skilled for highly specialised surgical proce-
dures.”¥ That is, training surgeons is expensive, and this must be
factored into the cost of sacrificing surgeons’ health and career
longevity due to suboptimal ergonomics.

RISK FACTORS FOR WMSDs IN THE
OPERATING ROOM

Operating room factors. General ergonomic hazards in the
operating room include inadequate lighting, lights that collide
or require adjustment with one hand, tripping hazards, uncom-
fortable postures while holding retractors, and pressure areas
from instruments.'” The height of the operating room table is
critical; incorrect table height creates ergonomic risk to the
back and neck as surgeons contort to view the operative field.
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Prolonged static positioning also contributes to musculoskel-
etal strain.®

Although this has not been addressed for surgeons specifical-
ly, lifting patients is known to create significant ergonomic risk
and is a major source of musculoskeletal disorders among nurs-
es, particularly when moving overweight and obese patients. An
expert review regarding WMSDs among nurses recommended
utilizing lifting/transfer equipment, no-lift policies, and ergo-
nomic training and education. The surgical team should be
aware of ergonomic risk during patient transfers and should
consider the following: proper table height and body posture,
appropriate beds for patient position and stature, utilization of
equipment such as inflatable transfer systems, and lifting teams
to distribute weight load, particularly for overweight and obese
patients. Further research is needed to identify unique ergo-
nomic concerns during patient transfers in the operating room
and to develop specific recommendations for safe transfer tech-
niques. In survey studies, surgeons identified multiple causal
factors of discomfort, including footswitches, devices connect-
ing equipment to the tables, insufficient lighting, hard-to-hold
instruments, excessive table height or width, static or awkward
postures, repetitive movements, and the use of loupe magnifica-
tion, head-mounted lamps, and microscopes.!?1820.22

Surgeon factors. Risk factors for WMSDs identified in survey
studies include younger age, hand-assisted technique, shorter
surgeon stature, female gender, smaller glove size, higher
patient or surgeon body mass index, surgeon medical comor-
bidities, and higher surgical volume.'>"?32364 Factors that may
be protective for laparoscopic surgeons include awareness of
ergonomics, exercise, greater number of years in practice, and
older surgeon age.'3?%3-32

According to a systematic review of minimally invasive
surgeon ergonomics by Alleblas et al, 10 studies reported on
surgeon experience and age, with most studies finding that less
experience and/or younger surgeon age was associated with
greater musculoskeletal complaints.”* Most studies (6 of 8)
found increased surgical caseload to be related to WMSDs, for
both TLS and RALS.*

UNIQUE ERGONOMIC PROBLEMS IN
ENDOUROLOGY

Endourological procedures are associated with prolonged stat-
ic positioning and repetitive movements, creating a high-risk
ergonomic situation. One study identified 2 major risk factors
for WMSDs after endourological procedures: surgeon medical
conditions, such as arthritis,and, for prostate resections, prostate
size. Operations with larger prostate size were associated with
both occurrence and severity of WMSDs. Number of surgeries,
standing versus sitting position, corrective eyewear usage, type
of working element, and type of monitor did not affect risk of
WMSDs.2 Unique ergonomic risks by surgical modality, includ-
ing endourology, are summarized in Appendix 1.

UNIQUE ERGONOMIC PROBLEMS INTLS

Compared to other surgical approaches, TLS creates unique
musculoskeletal risks for surgeons. First, static positioning
of the head and trunk with less weight shifting compared to
open surgery places strain on the neck and back.** Second,
the fulerum effect created by long laparoscopic instruments
requires exaggerated arcing movements to accomplish even
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fine movements in the surgical field.**® Most operating room
tables were designed for open surgery, so tables are too high
to accommodate laparoscopic instruments, forcing surgeons to
stand on platforms or utilize excessive arm abduction. Platforms
frequently cannot accommodate electrosurgical foot controls,
requiring surgeons to stand on one foot and reach for pedals.*
In the systematic review by Alleblas et al, incorrect monitor
height and position, table height, and use of foot pedals were
identified as a cause of WMSDs in 8 studies.”

These problems are compounded by poor ergonomic design
of laparoscopic instrument handles, which require exagger-
ated ulnar deviation, wrist flexion, and arm abduction in order
to place the thumbs in handle loops.** "% Increased forearm
and thenar muscle force is required for laparoscopic compared
to open knot-tying and grasping tasks, and increased deltoid
muscle effort is required for laparoscopic knot-tying.*-° Pres-
sure areas from suboptimal handle design can lead to compres-
sion of the digital nerve of the thumb, causing paresthesias
and neuropraxia commonly enough to have been dubbed
“laparoscopic surgeons’ thumb.”34%451-53 [y one study, 36% of
surgeons reported pressure areas, 26% neuropraxia and 57%
uncomfortable body posture related to instruments.'® Accord-
ing to the Alleblas systematic review, 12 studies have examined
laparoscopic instruments as they relate to surgeon ergonomics;
handle design was reported as a cause of pain by 49% to 83%
of surgeons.”

Laparoscopic surgery also causes greater eye strain than
open surgery.” Cuschieri described an anecdotal entity called
“surgical fatigue syndrome” beginning after approximately
4 hours of continuous TLS; this syndrome is characterized by
“mental exhaustion, increased irritability, impaired surgical
judgment, and reduced dexterity” due to the ergonomic insults
of laparoscopy.™

UNIQUE ERGONOMIC PROBLEMS IN RALS

Many have touted the robotic surgical platform—with its
advances including 3-dimensional immersive optics, scaling
technology, wristed instruments with increased degrees of free-
dom, and seated surgeon position—as the answer to many of
the inherent ergonomic pitfalls of TLS. However, the reality is
somewhat more nuanced. As we will see in the comparative
studies in the next section, RALS does offer many advantages
compared to TLS. However, it has also introduced ergonomic
issues of its own. For instance, prolonged sitting without appro-
priate lumbar support creates more intradisc strain than stand-
ing,” and the robotic console viewing angle is restricted to 40 to
60 degrees, requiring a flexed posture that causes strain in the
neck and trunk.*

A study utilizing sagittal photographs to calculate joint
angles at the trunk, neck, shoulder, elbow, hip, and knee
determined that during RALS, surgeons were outside opti-
mal ranges for all body areas, especially the trunk, neck,
and shoulder.”*® Harmful angles at the neck and trunk occur
due to limitations of the console viewer angle. Based on the
currently available console settings, the authors determined
that surgeons <175 cm (68 inches) in height cannot place the
armrest at a suitable height for ergonomic positioning. Like-
wise, optics height can only be adjusted into an acceptable
range for surgeons who are 155 to 200 cm (61-78 inches) to
be seated in a neutral position.



COMPARISON OF SURGEON ERGONOMICS
DURING TLS VERSUS RALS

Multiple studies have compared surgeon ergonomics of TLS
and RALS, utilizing research tools including 1) structured ques-
tionnaires of surgeon mental and physical workload, discomfort
and fatigue, 2) posture analysis, 3) objective measures of fatigue,
such as postoperative hand grip and single leg balance tests,
and 4) electromyography, which is useful in quantifying muscle
exertion and fatigue. A systematic review by Dalager et al*” and
a subsequent meta-analysis by Hislop et al®* provide an excel-
lent summary of the available literature utilizing structured
questionnaires to assess surgeon ergonomics in TLS versus
RALS. A total of 7 studies have evaluated surgeon mental and
physical workload using the NASA task load index (NASA-
TLX), which is divided into subscales including physical
demands, frustration, effort, performance, temporal demands,
and mental demands. One study found no difference between
TLS and RALS, while the other 6 significantly favored RALS
with regard to the physical demands subscale. Several studies
also found benefits for RALS in the following subscales: stress,
frustration, mental demands, and total workload. In contrast,
validated questionnaires of surgeon physical discomfort have
yielded inconsistent results, with several studies favoring RALS
but several others finding no difference in discomfort between
RALS and TLS, with neck strain predominating for RALS and
back strain for TLS.>” With regard to surgeon-reported fatigue,
one study found no difference between TLS and RALS,”
while another study comparing TLS versus RALS and primary
versus assistant surgeon found that the greatest mental fatigue
occurred for the primary surgeon after RALS.®

Hislop et al compiled the findings of 10 studies utilizing EMG
to compare muscle activity during TLS and RALS; 5 studies
collected data from real-time surgery and 5 from simulated
tasks.® The authors report high levels of study heterogeneity
and bias, and also note, importantly, that when surgeons are
queried subjectively, their responses consistently favor RALS
to a greater degree than do objective tests.

As reported by Hislop et al, EMG studies have demonstrat-
ed that RALS requires significantly lower muscle effort at the
biceps, likely due to forearm support and lightweight controls.?
EMG findings also favored RALS throughout the upper arm
muscles, with the exception of the thenar compartment. TLS
showed a non significant trend toward requiring less muscle
effort at the erector spinae muscles of the back as well as the
thenar compartment of the hand. The authors hypothesized
that excessive trunk flexion due to improper chair position may
be responsible for back strain during RALS. Trapezius muscle
activation was equivalent for TLS and RALS.

An EMG-based study of fatigue showed that more forearm
muscle fatigue occurred during TLS compared with more neck
and shoulder fatigue during RALS; however, neither modality
was clearly superior and overall fatigue was similar for both.”
Significantly more gaps per minute —short periods of muscle
rest >200 ms, which are protective against musculoskeletal
disorders—were noted in one study in the neck and trapezius
muscles for RALS versus TLS.

Gonzdlez-Sanchez et al assessed surgeon fatigue utilizing
validated questionnaires and objective measures, including
hand grip and single leg balance tests before and after surgery.™
They found higher levels of surgeon-reported mental fatigue
and objectively measured functional fatigue after RALS. These

authors hypothesized that the static seated position of the
surgeon, with minimal capacity for movement outside of the
console, was one of the main contributors to surgeon fatigue
during RALS.

A phenomenon of ergonomic drift was noted by Dalsgaard et
al for both TLS and RALS —that is, surgeons tended to “forget™
ergonomic good habits during surgery.” For TLS, twisted trunk
position and reaching for foot pedals were common ergonomic
errors. For RALS, surgeons used arm support less as the opera-
tion went on, and tended to roll farther away from the console,
leading to increasing flexion of the back and arms. Finally, inad-
equate clutching of robotic controls contributed to excessive
shoulder abduction and flexion. Based on the above studies, it
is clear that, while RALS offers some ergonomic benefits over
TLS, significant ergonomic risk remains, making it essential for
surgeons to be aware of ergonomic guidelines in order to avoid
injury.

ERGONOMIC GUIDELINES, INTERVENTIONS,
AND NOVEL INNOVATIONS

Multiple authors have published ergonomics guidelines and
recommendations for surgeons. Current ergonomics recom-
mendations for operating room equipment and setup are
summarized in Appendix 2, while those for surgeon posture
and intra- and postoperative interventions are summarized in
Appendix 3.

In order to facilitate proper ergonomic positioning accord-
ing to these guidelines, novel devices have been developed for
surgeons. A semi-standing support for the surgeon was shown
to reduce EMG activity in several muscle groups.® Concep-
tualization and prototype testing were reported for a below-
the-elbow arm support to reduce arm strain during TLS.%!
An adjustable chair, developed for use in TLS, has also been
described.®

Static muscle posture during surgery exacerbates muscle
fatigue and reduces motor control and strength.® Accord-
ingly, microbreaks —short breaks of about 1 minute more than
once per hour—are an intriguing protective intervention for
surgeons. Microbreaks and exercise have been shown to reduce
WMSDs in other settings, such as computer tasks, leading to
recommendations for stretching and rest breaks throughout the
workday.”> Engelmann et al demonstrated that intraoperative
breaks (5 minutes every 30 minutes) during TLS significantly
decreased surgeon stress, as measured by salivary hormone
levels, cardiac monitoring, and questionnaire responses, with-
out increasing operative times.* Dorion and Darveau reported
that micropauses (20-second break every 20 minutes) reduced
surgeon fatigue and muscle discomfort; micropauses were also
associated with a sevenfold reduction in errors on a preci-
sion task after surgery.* Hallbeck et al reported on longer
microbreaks, described as 1.5- to 2-minute guided exercises
performed at medically convenient 20- to 40-minute intervals.”
Among a multicenter, multispecialty cohort of surgeons, micro-
breaks were associated with decreased shoulder discomfort and
improved surgeon-reported physical performance. Surgeons
reported minimal distraction or interruption of surgery flow
from microbreaks, and 87% wanted to incorporate micro-
breaks into practice.

In a randomized controlled trial by Giagio et al, surgeons
randomized to a preventive program including following ergo-
nomic principles and specific exercises under the guidance of
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a physical therapist had a significant improvement in health-
related quality of life, low back pain, and analgesic use after 6
months.® Very recently, Dalsgaard et al published their Copen-
hagen Recommendations for surgeon ergonomics in minimally
invasive surgery, which have been incorporated into Appen-
dixes 2 and 3 of this Update.” The authors recommend that
surgeons not only familiarize themselves with these ergonomic
principles, but also undergo ergonomics-directed observation
and training semiannually or annually. Furthermore, they join
with previous authors in recommending that trainees receive
ergonomics education as part of surgical training programs.

CONCLUSIONS

Surgeons suffer from high rates of work-related musculoskel-
etal disorders across specialties and modalities of surgery. As in
other fields, surgeon WMSDs lead to time off work, modifica-
tion of practice and, in some cases, early retirement. Under-
reporting of surgeon injury to institutions and low levels of
surgeon awareness of ergonomics recommendations serve to
reinforce this problem. Continued development of evidence-
based guidelines and ergonomics training for surgical train-
ees and practicing surgeons should be prioritized in order to
prevent surgeon injury, improve patient care and protect career
longevity.

DID YOU KNOW?

WMSDs among surgeons are extremely common

for all modalities of surgery covered in this Update,
including open surgery, endourology, TLS and RALS.
Surgeons are very unlikely to report injury to their
institutions and also very unlikely to have received
specific training in ergonomics.

There are unique risks to the surgeon depending

on the route of surgery. Risk factors associated with
open surgery include retractors and use of loupes,
microscopes, and headlamps. For endourology, larger
prostate size is associated with surgeon injury. For TLS,
long instruments, excessive table height, improper
monitor position, and suboptimal handle design create
ergonomic risk. Finally, for RALS, eye strain, pro-
longed static positioning, and inappropriate console
and chair settings all contribute to ergonomic risk.
Surgeon WMSDs lead to missed work, modifications
of practice including changes to surgery modality and
reductions in caseload, and in many cases, early retire-
ment from surgical practice.

Ergonomics guidelines are available for surgeons;
awareness of and training in ergonomic principles
have been shown to benefit surgeons. Similarly, micro-
breaks—short intervals of movement and/or stretching
occurring more often than once per hour during
surgery —can decrease surgeon pain and fatigue.

Appendix 1. Unique ergonomic concerns and risk factors by modality of surgery

Modality Ergonomic concerns

General operating room factors Inadequate lighting

Tripping hazards

Lights that require adjustment with one hand frequently during surgery

Operating table variables—too wide, too high, or difficulty maneuvering with obese
patient/improper arm positioning
Footswitches requiring surgeon to stand on one foot to reach/operate

Repetitive movements
Settings of adjustable visual terminal workstation

Open surgery Prolonged static positioning

Use of retractors

Use of surgical loupes, headlamps, microscopy, leading to increased neck flexion
Endourology Prolonged procedures

Traditional laparoscopic surgery

postures

Poor ergonomic design of instrument handles

Static positioning of head and trunk, less weight shifting compared to open surgery
Fulcrum effect of long instruments rotating around fixed trocars

Standard operating room tables may not lower adequately for laparoscopy

Eye strain from looking at monitors

Inappropriate monitor position, leading to excessive twisting or improper neck

Robotic-assisted laparoscopic surgery | Prolonged sitting

neck flexion

Tendency of rolling chair to move farther from console throughout surgery
Poor surgeon awareness of correct console settings, leading to excessive back and

Constraints of viewing angle (40-60 degrees) and console adjustment range
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Appendix 2. Guidelines and recommendations regarding equipment and operating room setup to
optimize surgeon ergonomics

Equipment Type Recommendation

Operating room setup Consider use of compliant antifatigue mats

Lace covers or mats on top of cords to reduce tripping hazards

Adjust overhead lights prior to start of case to avoid light adjustment while maintaining
sterile field

Monitor position Top of laparoscopic monitors should be at or below surgeon eye level
Image should be 15-45 degrees below eye level
Screen height of 160 cm is recommended

Table height Adjust table height to the tallest surgeon with step stools used for other team members
For laparoscopy, adjust body of patient to 10-15 cm below the surgeon’s elbow, with
operating table between a factor of 0.7 and 0.8 of surgeon’s elbow height

Standing support Standing support adjustable between 80-100 cm may help prevent prolonged static
standing posture

Arm boards To avoid trunk twisting, tuck patient’s arms whenever possible

Foot pedal position Arrange pedals such that surgeons can reach them without balancing on one foot

Place foot pedals next to foot in line with target instruments toward the target quadrant

Robotic console In robotic surgery, utilize a chair that cannot slide or roll back, as this can inadvertently
increase back flexion

Adjust and save workstation settings to body dimensions in the following order:

. Chair height

. Chair close to console

. Forearm support

. Head support height

. Head support angle

. Pedals

Instruments Should not require more force than 15 N to completely close

AN AW

Adapted with permission from Catanzarite et al (2018).% Incorporates 2020 Copenhagen Recommendations.”
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Appendix 3. Ergonomics recommendations regarding surgeon body posture, intraoperative, and postoperative interventions,

listed by applicable body site

Body Part

Recommendation

General

Move as much as possible

Take short breaks (suggest 1.5- to 2-minute breaks every 20-40 minutes when medically
convenient) with intraoperative stretching

Maintain awareness of work postures throughout surgery

Shoulder/upper arm

Upper arm should remain perpendicular to floor and held close to the surgeon’s body
Shoulders should be dropped and hands relaxed

Shoulder abduction should be <30 degrees. Arms should be slightly abducted and rotated
inward

Assistants should rotate responsibility for retraction to avoid prolonged strain for any
individual

Forearm/elbow

Elbows should be held between 90 degrees and 120 degrees flexion

To avoid excessive elbow flexion/extension, hold forearm in horizontal position, parallel to
the floor

To avoid excessive torque, maintain forearm in neutral position between supination and
pronation

Utilize forearm support in robotic surgery with frequent clutching to maintain optimal arm
postures

Wrist

Wrist should be held in slight extension with fingers bent slightly

Avoid wrist deviations beyond 20 degrees extension, 40 degrees flexion, 15 degrees radial
deviation, and 25 degrees ulnar deviation. Extreme wrist excursions should not occupy
>30% of operating time

Neck

Maintain neck flexion between 10 degrees and 30 degrees

Avoid excessive twisting and limit axial rotation to <15 degrees

In robotic surgery, forehead should rest only lightly on the headrest

Avoid excessive “head forward” posture, as this increases degenerative changes in the cervi-
cal spine

Avoid prolonged static positioning of the neck, particularly if in excessive flexion

Back/trunk

Stand close to patient to avoid bending and reaching

Avoid pelvic girdle asymmetry by keeping feet hip-width apart with weight evenly distribut-
ed. Don’t lock knees. Engage deep muscles of trunk and pelvis to maintain neutral position
Perform postural “resets” and intraoperative stretching with squats

Avoid prolonged static positioning, especially with twisted trunk position

Lower extremity

Avoid excessive knee flexion during robotic surgery. Place feet on ground in front of pedals
at angle =90 degrees

Dorsal flexion of the foot should be <25 degrees when controlling footswitch

Consider supportive hose if prolonged standing is required

Instrument manipulation

Maintain working angle between laparoscopic instruments of 60 degrees. This will keep arms
in comfortable, slightly inwardly rotated position
Instrument intracorporeal-to-extracorporeal ratio should be >1

Post-surgery interventions

Perform neck, hamstring, and back stretches immediately after breaking scrub

Incorporate stretching/flexibility modules into surgeon exercise programs (eg yoga, Pilates)
and engage in regular massage

Regular exercise is recommended and protective against surgeon injury

Adapted with permission from Catanzarite et al (2018).% Incorporates 2020 Copenhagen Recommendations.”
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Study Questions Volume 40 Lesson 18

Four urologists share a urology practice that generates a

variety of cases. All are healthy with a normal body mass

index and all exercise regularly. The urologist at the great-

est risk for a work-related musculoskeletal disorder is

a. a35-year-old woman who is 5’5” with a high, primar-
ily robotic, surgical volume

b. a 68-year-old man who is 6’17 with a low, exclusively
endoscopic, surgical volume

c. a 50-year-old woman who is 5’9” with a very high,
very varied surgical volume

d. a45-year-old man who is 6’7" with a high, primarily
robotic, surgical volume

You are in the middle of a surgical case with one of your

residents, who has been holding the laparoscopic camera

for 2 hours. In order to decrease ergonomic risk, you
suggest the following:

a. instruct your resident to increase shoulder abduction
to 90 degrees in order to change the muscle groups
that are being activated

b. at aconvenient time in the surgical flow, all members
of the surgical team step away from the operating
table for 2 minutes and take a stretch break

c. instruct your resident to vary her posture by stepping
off of her platform so that her elbows will be more
bent (60-70 degrees) for a period of time

d. no need to change anything, as long as the table
height is appropriate and the resident is not noting
any musculoskeletal pain

Consequences related to poor surgeon ergonomics and

work-related musculoskeletal disorders (WMSDs) include

a. costly workers’ compensation claims related to
surgeon injury

b. settlements from surgeon litigation against institu-
tions related to poor ergonomic training and equip-
ment

c. lost workdays, decreased productivity, and shortened
careers

d. increased utilization of traditional laparoscopic
surgery instead of open procedures

You are beginning a laparoscopic surgical case and your

assistant is 12 inches taller than you. Which of the follow-

ing describes the most appropriate table height to prevent

injury of both you and your assistant?

a. 10-15 cm below your elbow height, to avoid having to
stand on a platform

b. in between your height and your assistant’s height

c. 10-15 cm below the tallest surgeon’s elbow; you will
need to stand on a platform

d. at whichever height maintains your elbow flexion
between 70 and 90 degrees

You are sitting down at the robotic console before an

anticipated 5-hour case. In order to prevent musculoskel-

etal injury, you should

a. position the console armrests in the most comfortable
position first and then make other adjustments to the
workstation

b. just use the last surgeon’s ergonomic settings so that
you can get started with the case

c. place as much pressure as possible on the forehead
and headrest throughout the case to relieve strain to
the neck and shoulders

d. use a chair without wheels in order to prevent the
chair from moving farther away from the console,
which can lead to excessive back and arm flexion
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