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Key points

� Laparoscopic surgery has led to profound patient benefit since its introduction,
but this has come at a great cost to the surgeon.

� Several studies have established that the association between musculoskeletal
disorders and minimally invasive surgery are mainly attributed to ergonomic vi-
olations by the operative team.

� The solution to improving the ergonomic challenges among surgeons performing
MIS will involve both high-tech and low-tech approaches.
BACKGROUND
The physical and mental demands of surgery have exacted their toll on sur-
geons over the centuries as they have performed their craft. Before the advent
of general anesthesia, the hallmark of a successful surgeon, apart from expert
knowledge and clinical judgment, was speed and accuracy in the conduct of op-
erations. As the field has blossomed in the subsequent 170-odd years, the call
upon surgeons to master an ever-expanding knowledge domain and the judg-
ment that must keep pace has been joined by new physical demands of the pro-
fession. Surgeons have been able to develop longer more complex surgical
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solutions to patients’ disease and in the process have to assume prolonged,
static, and often unhealthy postures in the operating room. As new imaging
modalities, ‘‘energy sources,’’ and aids to dissection/tissue manipulation
entered routine use in the operating room, patient options, outcomes, and ex-
periences improved tremendously. Not so the surgeon’s experience during the
course of bringing these advances in care to their patients.

Although our understanding of pathology, patient safety and outcomes,
operative flow, and implementation of technology has almost arithmetically
advanced, the essence of the surgeon-patient interface in the operating room
(OR) has advanced not one whit. We still stand for extended periods at the pa-
tient’s bedside (operating table) stretching, bending, and twisting ourselves
while maintaining laser-like focus on the surgical task at hand. In this regard,
the surgeon’s workspace has changed little over the past several centuries.

Few examples better underscore this reality than the far more recent (25–
30 years) advent of minimally invasive surgery (MIS). As Cushieri observed in
MIS’ infancy, ‘‘laparoscopic surgery represents a rare instance in surgical history
where an advance has been so profound in patient benefit in so short a period of
time.’’ [1] These advantages enjoyed by the patient—which are profound in terms
of decreased perioperative pain, enhanced return to function, and reduced surgical
morbidity—comeat great cost to the surgeon [2]. Surgeons’visualizationof the target
anatomy is no longer direct and is often at odds with their ‘‘working axes.’’ We as-
sume even more unhealthy and prolonged, static postures than in ‘‘open surgery.’’
Furthermore, we contort ourselves to get our ‘‘end effectors’’ to anatomic destina-
tions made immeasurably more difficult by the degrees of movement we have lost
with laparoscopic instruments, all of which has given rise to the long overdue inter-
est in and study of surgical ergonomics and surgeons’ physical well-being.

As defined by the International Ergonomics Association, ergonomics compre-
hensively addresses the intellectual, physical, and organizational dimensions of
human activity through assessment of safety, comfort, ease of use, productivity,
performance, and aesthetics parameters [3]. Physical ergonomics regards how
the body relates to its surrounding environment and accounts for resultant
bodily consequences derived from posture, motion repetition, workplace design,
material handling, and musculoskeletal strain. Mental ergonomics centers
around the workings of cognitive operations, encompassing perceptual memory,
sensory, and motor functions. Organizational ergonomics focuses on the influ-
ences of surroundings, workflow processes, and even employed guidelines.

In this article the authors review the most current studies of the risks of
work-related injuries and symptoms faced by surgeons and some suggested
strategies to mitigate the assaults on physical well-being that surgeons
encounter by simply going to work every day.

LAPAROSCOPIC MINIMALLY INVASIVE SURGERY
As laparoscopy has become established as a predominant technical approach
for a variety of surgeries across nearly all specialties, it has progressively re-
placed many open approaches [4,5].
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Despite its many benefits for patients and the health care system as a whole,
MIS has presented ergonomic challenges to surgeons, increasing their physical
and psychological stress and compounding work-related injuries and burnout
[6–10].

These challenges begin with the restricted degrees of freedom that constrain
surgeons and for which they often compensate with suboptimal surgical pos-
tures and movement. They also have had to adjust to working from a two-
dimensional image while working in a three-dimensional space [11,12]. Laparo-
scopic instrument designs have not meaningfully progressed over time with re-
gard to facility of use [11,13]. Finally, the OR setup has failed to advance
appropriately with time to optimize its interactions with surgeons and other
staff.

A comparison of axial skeletal motions of surgeons during MIS versus open
surgery show that although surgeons maintain more erect posture with respect
to their head, neck, and axial spine during MIS, they are limited in motion [14].
In addition, their center of gravity favors a forward shift. Therefore, surgeons
are more prone to short-term musculoskeletal strain with the risk of injuries
over a prolonged period of MIS practice.

Electromyography (EMG) studies have been conducted to gain a more in-
depth understanding of the ergonomic impact of MIS on specific muscles.
One study analyzed the activation patterns of deltoid, trapezius, bicep, prona-
tor teres, flexor carpi ulnaris, and extensor digitorum superficialis muscles of
surgeons performing simulated laparoscopic tasks [15]. The emphasis was on
the duration rather than the intensity of muscle activation. The results showed
that muscle activation patterns were influenced most by the complexity of the
task, followed by the design of instruments used and the physical adjustments
of the operator to the task. Overall, proximal arm and shoulder muscle activa-
tions were greatest for all tasks, irrespective of complexity or instrument
design, whereas forearm muscle activation became more prominent during
complicated exercises.

The challenges of MIS extend beyond physical demands to also encumber
surgeons with an increased mental workload. To quantify this mental work-
load, one study analyzed 28 surgeons performing simulation tasks using
open versus video-endoscopic approaches. Measurements of mental stress
were accomplished objectively with validated skin conductance and electrooc-
ulogram evaluations and subjectively with a survey query. There was congru-
ence between subjective and objective measures showing that the endoscopic
approach required greater concentration than the open approach. These find-
ings are consistent with early experience that MIS demands greater focus
and may amplify mental stress for surgeons [10].

Although investigations into ergonomic risk factors have been limited in the
clinical domain of surgical practice, numerous studies have supported findings
that show consistent ergonomic risk factor violations by nursing and surgeons
in the OR during laparoscopic surgery [16–18]. Studies have also shown that
simply performing MIS cases on a regular basis will subject practitioners to
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its perils, irrespective of age, experience, gender, height, or handedness [4]. An
online survey study of 317 MIS surgeons found high rates of fatigue/strain/
injury with frequent laparoscopic surgery (87%). Most implicated poor design
of instruments as the primary factor and identified postural adjustments as the
most employed counterstrategy to their physical symptoms. Finally, the major-
ity reported lack of education/awareness about proper ergonomic practices dur-
ing MIS.

Other studies have supported these findings. A systematic review by Alleblas
and colleagues [19] showed that the weighted average prevalence of physical
complaints among laparoscopic surgeons was 74%. Another recent study
showed a strong association between musculoskeletal disorders and MIS
among a group of 14 pediatric surgeons [13]. These musculoskeletal disorders
have involved the cervical spine, thoracic spine, upper limbs, lower limbs, and
lumbar spine [20]. Their clinical manifestations include pain, muscle stiffness,
numbness, and fatigue. These symptoms have a significant impact on surgical
performance, indirectly affect patient safety, and may shorten surgeons’ career
longevity [13,19,21,22].

Overall, such studies are important in highlighting the current deficits in
sound ergonomic practices among surgeons [23]. They also advocate task-
specific positions, postures, and movements that promote excellent ergonomics
and maximally counter fatigue and strain during MIS. The potential for these
findings is significant in optimizing current surgeon/OR interactions. They also
set the foundation for training future surgeons to acquire the proper ergonomic
knowledge and skills to enhance their function and longevity while improving
patient safety.
ROBOTIC MINIMALLY INVASIVE SURGERY
Robotic surgery has gained tremendous momentum across the world since its
introduction in 2000. Nearly 450,000 cases were performed using robotic systems
in 2012, a number 29% higher than the previous year [24]. This rate of growth
has stemmed from novel MIS technologies affording 3-dimensional perception,
enhanced degrees of freedom, motion scaling, and tremor reduction. Further-
more, this technology has allowed surgeons without prior MIS training to
more easily adopt MIS techniques to deliver less-invasive care to their patients.

Studies have sought to determine whether robotic surgery improves on the
ergonomic challenges posed by traditional laparoscopy. Several have shown
improved ergonomics with reduced physical strain and mental stress for sur-
geons on robotic systems in comparison with those performing laparoscopy
[25–28]. Some studies have used EMG and the National Aeronautics and Space
Administration Task Load Index (NASA-TLX) to measure physical and
mental workload, respectively [8,29]. Targeted anatomic regions for motion
analysis with EMG included the:

� Elbow (biceps and triceps)
� Shoulders (deltoid and trapezius)
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� Wrists (flexor carpi ulnaris and extensor digitorum)
� Thumbs (thenar compartment)
� Back (erector spinae)

A global performance score was also tabulated with respect to the partial or
total task completion and performance errors. The results showed that robotic
techniques were slower and less precise, but less stressful than laparoscopic
techniques.

These studies found lesser mental and physical ergonomic demands of robotic
surgery in comparison with laparoscopy. In addition, surgeons derived greater
benefit from these ergonomic advantages by using better posture on the robot
with lower shoulder position and reduced application of pressure to the armrest.

Nevertheless, the studies also indicated that while surgeons may be less nega-
tively affected physically and mentally during robotic surgery, they derive the
most benefit when they employ sound ergonomic principles during surgery
[8,9]. Thus, even such sophisticated technology may lead to strain and injury
if ergonomic considerations are not implemented during utilization.

Giberti and colleagues [20] evaluated a group of robotic surgeons who re-
ported (41.2%) musculoskeletal disorders mostly in the cervical spine and upper
limbs. These results were attributed to posture discomfort secondary to lack of
an ergonomic seat and static position of the console operator, resulting in poor
spine posture. A study by Zihni and colleagues [30] found no differences in acti-
vation of bilateral trapezius muscle groups between traditional laparoscopic sur-
gery (TLS) and robotic-assisted laparoscopic surgery (RALS) using surface
EMG measurement. These findings likely reflect the ergonomic strain placed
on this muscle group secondary to cervical spine posture during TLS and RALS.

Thus, although the robotic console has been ‘‘purpose designed’’ to mitigate
the ergonomic risk factor violations so rampant in MIS, whereby the patient-
surgeon interface has seen no improvement over the years, the evidence to
date suggests that the benefits to the surgeon are far from those anticipated.
In fact, surgeons who spend regular operative time at the ‘‘robotic console’’
describe injury and symptom patterns consistent with those who regularly
work at microscopes [31].

One would hope that as robotic surgery evolves and competition grows, sur-
geon console design will also evolve and improve ergonomically.
SURGICAL ENDOSCOPY
Surgeons commonly use endoscopic techniques via the upper or lower gastro-
intestinal tract to treat patients. When applicable, endoscopy that allows access
to target anatomy and pathologic conditions by means of a natural orifice is
considered the most minimally invasive of surgical techniques and offers pa-
tients the opportunity to avoid abdominal wall incisions altogether.

Flexible endoscopy still poses unique and major challenges to surgeons
beyond laparoscopy [32]. The challenges revolve around the main tool, the
flexible endoscope, with a comparatively condensed field of vision, diminished
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lighting, less focal length, and reduced depth projection than the laparoscope.
The endoscope’s small diameter results in a restricted working domain, limiting
the manipulation of operative instruments. Moreover, an accurate bimanual
control of instruments is compromised secondary to the inability to triangulate
when needed. Finally, lengthier procedures potentiate the physical and mental
hazards of these techniques for those who may use them in their practice.

These travails have been echoed by surgeons and gastroenterologists who
participate in high-volume endoscopic practices. Most report regular pain in
their neck, upper back, shoulders, wrists, and thumbs [33,34]. Unfortunately,
there remains a paucity of research to describe and characterize ergonomic
risk factors associated with surgical endoscopy to improve equipment design
and corresponding human factors and ergonomic issues.

INTERVENTIONS TO MITIGATE THE EFFECTS OF
MUSCULOSKELETAL DISORDERS IN MINIMALLY INVASIVE
SURGERY

Surgeon-directed efforts

Nearly 50% of doctors in the United States have experienced burnout [35].
Fortunately, in recent years there has been progress in shedding light on physi-
cian injuries, burnout, and the prospect of shortened career longevity [36–39].
The surgical culture of self-forfeit and sacrifice in the pursuit of patient care has
come into question [40]. Today, physician and health care professional well-
being programs are being established across health care facilities and institu-
tions and are highly supported. These efforts are in recognition of not only a
prevalent problem among health care professionals but also the critical impor-
tance of maintaining a precious workforce.

Targeted factors have included physician work hours, physical fitness, nutri-
tion, and the use of mental coaching to address burnout [36,40,41]. Specific to
surgeons, one evidence-based strategy has been the use of breaks during sur-
gery. Its objective is to ensure that surgeons take a break from prolonged
and static postures during MIS while at the same time allowing them to
improve mental focus and physical function. The implementation of breaks
to counter fatigue, reduce errors, and ensure safety has been a valuable strategy
employed in many demanding and ‘‘high-stakes’’ work environments,
including the air traffic control, translation, computer science, and even profes-
sional mountain climbing [42–44].

The impact of breaks during surgery has previously been investigated as a
viable countermeasure to surgeon stress [45,46]. Engelmann and colleagues
[46] randomized surgeons to perform surgery with and without taking 5-min
breaks every half-hour during surgery. Their results showed that with regular
breaks, there were gains in quality of technical execution while fatigue, strain,
pain, hormone levels associated with stress (cortisol and testosterone), intrao-
perative ‘‘events,’’ and error rates were reduced without adding significant
operative time. Recently, a multicenter prospective study was conducted to
determine the impact of intraoperative targeted stretching micro breaks
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(TSMB) on surgeon pain, function, and focus. Surgeons and OR staff rated
pain/fatigue, and physical and mental performance using validated scales dur-
ing 2 operative days, one with and the other without intraoperative TSMB [47].
TSMB included standardized (90 s) guided TSMB at appropriate 30- to 40-min
intervals throughout each case. Case type and duration were recorded as were
surgeon pain data before and after each procedure and at the end of the surgi-
cal day. Sixty-eight participants (69% men, 31% women; mean 47 years)
completed 193 ‘‘non-TSMB’’ and 146 ‘‘TSMB’’ procedures; 47% of surgeons
were concerned that musculoskeletal pain may shorten their career. The
most common approaches used to deal with musculoskeletal pain were chang-
ing position (60%), taking a break (34%), adjusting some aspect of the surgical
field (29%), adjusting height (26%), and ignoring the pain (26%) (Fig. 1). TSMB
improved surgeon postprocedural pain scores in the neck, lower back, shoul-
ders, upper back, wrists/hands, knees, and ankles (Fig. 2). Operative duration
did not differ (P>.05). Improved pain scores with TSMB were statistically
equivalent (P>.05) for laparoscopic and open procedures. Surgeons perceived
improvements in physical performance (57%) and mental focus (38%); 87%
of respondents planned to continue TSMB beyond study completion. Overall,
Park and colleagues [47] concluded intraoperative TSMB represents a practical
and effective means to reduce surgeon pain, enhance performance, and in-
crease mental focus without extending operative time. Other related studies
have reported similar findings [48].
Fig. 1. Most popular counterstrategies by surgeons against pain and fatigue. (From Park A,
Zahiri H, Hallbeck S, et al. Intraoperative ‘‘Micro Breaks’’ with targeted stretching enhance
surgeon physical function and mental focus: a multicenter cohort study. Ann Surg
2017;265;340–6; with permission.)



Fig. 2. Impact of TSMB on pain scores by anatomic site. (From Park A, Zahiri H, Hallbeck S,
et al. Intraoperative ‘‘Micro Breaks’’ with targeted stretching enhance surgeon physical function
and mental focus: a multicenter cohort study. Ann Surg 2017;265;340–6; with permission.)
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Postural balance training is another tool that can help alleviate the ergonomic
stress associated with laparoscopic and endoscopic procedures. Reddy and col-
leagues [49] evaluated the effect of improving posture and surgical ergonomics
by teaching subjects completing laparoscopic skill assessment, a posture balance
technique known as the Alexander technique. This technique improves
postural balance and coordination while at the same time minimizing strain
and maximizing comfort. Results from this study showed that subjects reported
decreased discomfort, and posture assessment data revealed significant
improvement in scores after adopting the Alexander technique. These findings
demonstrate that postural training can aid in reducing ergonomic strain and
stress during MIS.

Although these strategies are evidence-based and promising, their implemen-
tation, regular use, and effectiveness remain to be established among the surgi-
cal community. Without a concerted effort by health care leaders and,
foremost, physicians, these strategies will continue largely as abstractions.
Operating room design

The need to optimize the OR environment to improve safety, efficiency, and
workflow well predates the advent of MIS although its widespread adoption
has overly magnified the inadequacies of the current state [50]. No longer are
traditional ORs set up (geared toward open surgery) with bulky laparoscopic
equipment crammed into a limited space adequate to accommodate the mini-
mally invasive surgeon, patient, and OR staff. Unfortunately, these outdated
designs, which can amplify risks of workflow disruptions, fatigue, strain, and
injury to the entire operative team, continue to persist in most ORs in use
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today. Multidisciplinary collaboration including physicians, registered
nurses and associated health professional, biomedical engineers, and admin-
istration as well as the requisite funding need to be corralled to focus on sig-
nificant new OR design. As new technologies constantly enter into use in
the OR, both the surgeon-technology interface and the surgeon-patient
interface need to be completely revisited, informed by our latest understand-
ing of optimal ergonomic and human factor considerations in workspace
design.
Laparoscopic instrument design

Another major challenge to overcome, geared toward the MIS industry, is up-
dating the interaction of the surgeon with his or her instruments. Although lap-
aroscopy has now been in existence for nearly 30 years, many of the
instruments used by surgeons today have retained their original design without
any innovation to accommodate MIS practitioners [51]. This is largely second-
ary to an inexplicable acceptance of the status quo and the lack of demand for
better instruments by the surgical community! However, to ensure career
longevity of surgeons it is essential to adopt a clinically driven approach
whereby engineers work with surgeons to design the next generation of MIS
instruments, centered around comfort and sound ergonomic principles. The
time of a ‘‘one size fits all’’ surgical instrument handle is well past. At the least,
they must now be designed and tailored to surgeon gloves/hands.
SUMMARY
A comprehensive approach to enhance ergonomics, prevent strain/injury,
elevate performance, and ensure safety for surgeons will require more than iso-
lated and disjointed surgeon-directed efforts. Rather, the environment sur-
rounding and involving the surgeon and operating room staff must be
ergonomically sophisticated to facilitate workflow while optimizing the patient
and the entire OR team. As awareness has risen in recent years regarding the
critical need to preserve our health care workforce, there is room for optimism
that the culture of the health care industry will more rapidly change among all
key stakeholders including doctors, nurses, executive leaders, and industry to
demand protection, with the goal always of improving patients’ outcomes and
experiences.
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