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Abstract

This international study aimed to understand, from the perspective of surgeons, their experience of performing minimal
access surgery (MAS), to explore causes of discomfort while operating and the impact of poor ergonomics on surgeon welfare
and career longevity across different specialties and techniques. A quantitative online survey was conducted in Germany,
the UK and the USA from March to April 2019. The survey comprised 17 questions across four categories: demographics,
intraoperative discomfort, effects on performance and anticipated consequences. In total, 462 surgeons completed the survey.
Overall, 402 (87.0%) surgeons reported experiencing discomfort while operating at least ‘sometimes’. The peak professional
performance age was perceived to be 45-49 years by 30.7% of surgeons, 50-54 by 26.4% and older than 55 by 10.1%. 86
(18.6%) surgeons felt it likely they would consider early retirement, of whom 83 were experiencing discomfort. Our findings
highlight the continued unmet needs of surgeons performing MAS, with the overwhelming majority experiencing discomfort,
frequently in the back, neck and shoulders, and many likely to consider early retirement consequently. Innovative solutions are
needed to alleviate this physical burden and, in turn, prevent economic and societal impacts on healthcare systems resulting

from MAS limiting surgeon longevity.
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Introduction

Minimal access surgery (MAS) has continually improved
over recent decades through technological advances in
surgical instruments, visualisation and refinement of pro-
cedures [1-4]. Consequently, MAS is established as a rou-
tine approach for an increasing range of surgeries including
gynaecological, colorectal and urological procedures [5, 6].
Compared with open surgery, MAS is associated with less
intraoperative blood loss, fewer wound complications, and
reduced blood transfusion rates and length of hospital stay
[6-8]. These advantages are largely owing to the small size
of the incision required at the surgical site. However, lapa-
roscopic instruments required for performing MAS present
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technical challenges for surgeons despite advances in their
designs [4], including limited dexterity and the inversion
and scaling of movements, known as the ‘fulcrum effect’
[9]. Consequently, the ergonomics of performing MAS pro-
cedures, i.e. the measurement of surgeons’ muscular effort,
movements and positioning of the body, is a focus of MAS
research [10-12]. Studies assessing surgeon ergonomics
while performing MAS demonstrate awkward position-
ing with prolonged static postures including the following:
extended periods of neck rotation, asymmetrical loading
between shoulders and frequent adoption of extreme shoul-
der positions [12—-14]. Poor ergonomics can cause muscle
fatigue and musculoskeletal injuries, which may have eco-
nomic implications and limit patient access to surgery due
to work absence and potentially early retirement [13]. A sys-
tematic literature review (SLR) and meta-analysis of surgical
ergonomics reported that generalised pain and fatigue were
experienced by 68% and 71% of more than 5000 surgeons,
respectively [15].

To date, most studies examining ergonomics in MAS
have focused on the direct impact of poor ergonomics, e.g.,
pain and fatigue. Few studies have directly compared the
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surgical techniques and specialties or examined the long-
term ramifications, such as the impact on a surgeon’s career.
This study aimed to understand, from the perspective of a
large number of surgeons from multiple countries across
different specialties and techniques, their experience of per-
forming MAS. The survey also aimed to explore the causes
of MAS-related discomfort and its impact on surgeon wel-
fare and career longevity.

Materials and methods
Study design

A quantitative online survey was conducted in three coun-
tries: Germany, the UK and the USA. Surgeons completed
the survey between 11 March and 2 April 2019.

Surgeon inclusion criteria and screening process

Surgeons were identified for recruitment from online physi-
cian panels, which may be joined through colleague refer-
ral, online media or recruiter invitation. Surgeons who had
signed up to participate in market research when joining
the panels were selected for email invitation via random
sampling of those coded as surgeons. To qualify for par-
ticipation, surgeons had to: be in Germany, the UK or the
USA; specialise in colorectal or gynaecological surgery, or
be general surgeons performing hernia repair; have practiced
as a surgeon for at least two years; routinely conduct at least
one of open surgery, MAS and robot-assisted surgery (RAS).

Ergonomics survey

The online survey comprised 17 questions across four cat-
egories: demographics, intraoperative discomfort, effects on
performance and anticipated consequences (Supplementary
Table S1). Seven questions related to demographics: gen-
der, age, number of years practicing as a surgeon, surgical
specialty, height and surgical glove size (extra-small [XS;
size 5.5], small [S; size 6.0-6.5], medium [M; size 7.0-7.5],
large [L; size 8.0-8.5] or extra-large [XL; size >9.0]). Ten
questions related to frequency and location of physical dis-
comfort when performing MAS procedures; healthcare pro-
fessional consultation due to MAS-related musculoskeletal
injuries; perceived peak surgical performance and likelihood
of early retirement due to the physical impact of performing
MAS.

Statistical analyses

Surgeon demographic data were reported using means and
SD, and statistical significance (a=0.05) was determined

@ Springer

by Chi-squared test for categorical variables and one-way
ANOVA for continuous variables. Statistical analyses were
performed using R, version 4.0.0. Statistical analyses were
not performed on the survey outcomes data as this was a
market research study.

Results
Surgeon demographics

In total, 462 surgeons qualified and completed the survey.
There was no difference in the representation between surgi-
cal specialties across the three countries (p =0.147). Most
participants were male (77.1%), mean age was 48.6 (SD:
9.7) years and the range of years practicing as a surgeon
was 2-40 (median: 19; Table 1). Most surgeons were regu-
larly performing open surgery (95.5%) and MAS procedures
(96.8%), and 33.8% were regularly performing RAS.

Discomfort performing surgery

Overall, 87.0% of surgeons reported experiencing discom-
fort at least ‘sometimes’ while performing surgery. Although
43.3% of surgeons reported they were generally ‘comfort-
able’, 34.4% were neither ‘comfortable nor uncomfortable’,
and 11.9% reported they were ‘uncomfortable’ or ‘very
uncomfortable’ when operating (Fig. 1a). When stratified
by sex, the proportions of surgeons reporting discomfort
were similar between male and female surgeons. In Ger-
many, the UK and the USA, the proportions of surgeons
reporting physical discomfort were 61.8% (94/152), 73.7%
(112/152) and 75.3% (119/158), respectively. Discomfort
levels were similar across surgical techniques; respectively,
87.3% (385/441), 87.0% (389/447) and 91.0% (142/156) of
surgeons reported experiencing discomfort at least ‘some-
times’ in open surgery, MAS and RAS (Fig. 1b).

When stratifying by surgeon height, a greater propor-
tion of surgeons experienced discomfort than did not in
all height categories (Fig. 1c). More than 90% of surgeons
either < 160 cm or > 185 cm reported discomfort, com-
pared to approximately 85% of surgeons in the 160-184 cm
range. Additionally, the proportion of surgeons reporting
discomfort ‘frequently’ or ‘every time I operate’ was higher
in the <160 cm and > 185 cm height groups (27.8% and
26.9%, respectively), compared with the 160-170 cm and
171-184 cm groups (23.5% and 17.9%, respectively; Sup-
plementary Fig. S1). Similar results were observed when
stratifying by surgical glove size; those with glove size S or
XL reported discomfort more frequently compared with the
size M and L groups (Fig. 1d).

The proportion of surgeons experiencing discom-
fort was highest in the younger age groups, with all
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Table 1 Surgeon demographics

Demographic UK (n=152) USA (n=158) Germany (n=152) Total (N=462)
Male, n (%) 123 (80.9) 111 (70.3) 122 (80.3) 356 (77.1)
Age (years), mean (£ SD) 47.7 (9.4) 48.1 (11.1) 49.9 (8.1) 48.6 (9.7)
Years practising as a surgeon, n (%)

<5 4(2.6) 12 (7.6) 1(0.7) 17 (3.7)

5-10 20 (13.2) 37 (23.4) 9(5.9) 66 (14.3)

11-20 61 (40.1) 59 (37.3) 74 (48.7) 194 (42.0)

21-30 55 (36.2) 40 (25.3) 58 (38.2) 153 (33.1)

>30 12 (7.9) 10 (6.3) 10 (6.6) 32 (6.9)
Surgical procedures performed, n (%)

Gynaecology 71 (46.7) 84 (53.2) 80 (52.6) 235 (11.0)

Colorectal 68 (44.7) 62 (39.2) 70 (46.1) 200 (43.3)

General (hernia repair) 37 (24.3) 61 (38.6) 41 (27.0) 139 (30.1)
Height, n (%)*

<160 5(3.3) 11 (7.0) 2(1.3) 18 (3.9)

160-170 46 (30.3) 49 (31.0) 24 (15.8) 119 (25.8)

171-184 76 (50.0) 75 (47.5) 84 (55.3) 235 (50.9)

> 185 20 (13.2) 23 (14.6) 42 (27.6) 89 (19.3)
Glove size, median (range) 7.5 (6.0-8.5) 7.5 (5.5-8.5) 7.5 (5.5-8.5) 7.5 (5.5-8.5)

*Height not recorded for five UK surgeons, n=147

surgeons < 30 years and 92.5% of surgeons aged 30-39 years
reporting discomfort (Fig. le). Discomfort appeared to
affect fewer surgeons in the older age groups; however, in
the > 60 years group, which was the least affected, 75.8%
(50/66) of surgeons reported discomfort. The area of the
body most affected by pain or discomfort was the back,
reported by almost two-thirds of all surgeons. More than a
third of surgeons reported pain or discomfort in their neck
and/or shoulders, and 13.2% reported that their feet were
commonly affected when operating (Fig. 2a). Awkward posi-
tions/movements, prolonged standing and long procedures
were the most cited reasons for discomfort (Fig. 2b). Other
causes included poor posture, fixed positions, stress and
tension, bending/”hunching over’, long hours, use of/limita-
tions of instruments and table height/angle (Supplementary
Table S2).

Peak performance and early retirement

The age of peak professional performance was perceived
to be 45-49 years by 30.7% of surgeons, 50-54 years by
26.4% and > 55 years by 10.1%; 5.4% and 1.7% of sur-
geons perceived peak performance age to be 35-39 years
and < 35 years, respectively (Fig. 3a). Surgeons tended to
perceive peak performance as close to their current age.
More surgeons aged 50-59 years perceived peak perfor-
mance age to be 50-54 years (35.9%; 55/153) compared
to those aged <40 years (11.6%; 10/86; Fig. 3b). Peak
performance age was considered to be 40-44 years by
30.2% and 26.8% of surgeons aged < 40 years (26/86) and

40-49 years (42/157), respectively, compared to 13.7% of
surgeons aged > 50 years (30/219).

Overall, 18.6% of surgeons felt it likely they would con-
sider early retirement, versus 68.0% who felt it unlikely
and 13.4% who reported they were unsure or preferred not
to say (Fig. 3c). A greater proportion of surgeons reported
they would likely consider early retirement if experienc-
ing discomfort than if not; 20.6% of surgeons experienc-
ing discomfort (83/402) reported it at least ‘fairly likely’
they would retire early, compared with 5.0% of those who
reported no discomfort while performing surgery (3/60;
Fig. 3c). In the aged < 40 years group, 23.2% of surgeons
reported it likely that they would consider early retirement,
which was a higher proportion than in the older groups
(Fig. 3d).

Discussion

Most surgeons reported experiencing discomfort at least
‘sometimes’ when performing MAS procedures, with many
experiencing discomfort frequently or at every time of
operating. Surgeons who were outside of the 160—184 cm
height and M/L glove size ranges appeared most affected,
suggesting that those at the extremes of these scales may
be at higher risk of discomfort. Therefore, surgical systems
designed with greater flexibility to suit the individual are
required. Our finding that the proportion of surgeons expe-
riencing discomfort was lower in older groups could reflect
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Fig. 1 Discomfort while performing surgery. MAS minimal access surgery,
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Fig.2 Areas of discomfort and cited reasons for discomfort. A Areas
of the body most affected by discomfort during surgery (N=462). B
Percentage of surgeons experiencing discomfort (n=402) who cited

that the laparoscopic surgery had not yet been fully estab-
lished in the early decades of their career. It is also possible
that the older and likely more experienced surgeons had a
shorter average operative time, resulting in less time spent in
an uncomfortable position and hence less discomfort. Peak
surgical performance age was perceived to be 4549 years
by most, and > 50 years by more than 25% of surgeons. Peak
surgical performance has been previously reported at older
ages, up to and beyond 60 years old, measured by both in-
hospital patient mortality rates [16, 17], and average annual
case volume [17]. The tendency for younger surgeons to
perceive peak performance age to be younger than average
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RAS robot-assisted surgery

(B) Reasons for discomfort (%)

Awkward positions/movements
Prolonged standing

Long procedures

Poor posture

Not moving enough / fixed position
Stress / tension / focus

Bending / hunching over

Long hours

13

Use of / limitations of instruments

Table height/angle

categorised reasons for discomfort when performing MAS procedures
(direct quotes listed in Supplementary Table S2)

in this study was perhaps to be expected, given that it may
be difficult for younger surgeons to predict their future per-
formance. Although retirement age may vary by country,
a substantial proportion of surgeons in this study believed
they would consider early retirement as a direct result of the
physical detriment of performing MAS procedures.

Ergonomic challenges are inherent in MAS
MAS procedures require surgeons to adopt awkward and

static postures for prolonged periods, with angled neck and
asymmetrical shoulder positioning and frequently extreme
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Fig.3 Age of peak performance and likelihood of early retirement.
A Surgeons’ perceived age of peak surgical performance (n=462). B
Perceived age of peak surgical performance stratified by respondent
age category. C Proportion of surgeons experiencing discomfort or no

elbow flexions [18]. A case series study, measuring sur-
geon posture during surgery using wearable technologies,
found surgeons spent 65% of procedure time in neck posi-
tions classified as ‘high risk’ by occupational ergonomic
research exposure-response analyses, and that a surgeon’s
cervical spine is at ‘unacceptably’ elevated risk [19]. Simi-
larly, surgeons in our study cited poor body positioning as a
cause of neck and back pain when operating, which can be
exacerbated in patients with high body mass index (BMI),
as the operating table does not adjust far enough for correct
positioning (Supplementary Table S2). Surgeons expressed
that “particularly during laparoscopic procedures, a crooked
posture [...] leads to long-term muscle tensions and pain
in the neck area’, and that ‘especially in laparoscopic pro-
cedures, a longer-term oblique posture [...] results in neck
tension pains’. These findings suggest that improvements in
MAS instrument designs have not eliminated surgeon dis-
comfort, and that ergonomic challenges are inherent to the
conventional approach to MAS. Although robotic systems
can help overcome some ergonomic challenges, issues, such
as eye strain and hand/finger stress, have been reported [20].

100 1
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discomfort within each response regarding likelihood of early retire-
ment due to the physical impact of performing MAS procedures. D
Likelihood of early retirement stratified by respondent age category

Impact on surgeons and socioeconomic
consequences

As a consequence of musculoskeletal strains and injuries
resulting from poor ergonomics in MAS, surgeons may have
to take work absence and many consider early retirement
[21]. An SLR reported musculoskeletal pain to be the most
common occupational disease in Europe [22]. Additionally,
Plerhoples et al. reported that nearly a third of 1215 surgeons
admitted to giving consideration to their own discomfort
when choosing an operative modality [23]. Our finding that
most surgeons perceived the age of peak professional per-
formance in MAS to be later in a surgeon’s career highlights
the prolonged learning curve associated with laparoscopic
instruments and the extensive experience required for high-
est-level performance. Considering nearly 20% of surgeons
in this study reported they would consider retiring early as
a result of the physical impacts of performing MAS proce-
dures, surgeons may not reach their peak professional perfor-
mance, or reduce the time spent at their peak, before retiring.
Consequently, there is a risk of losing a highly experienced
surgeon group due to poor ergonomics. In the long term,
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this could have economic impacts on healthcare systems and
could limit patient access to surgery, with growing waiting
lists due to lowercase throughput.

Current approaches towards mitigating the impacts
of poor ergonomics in MAS

The findings of this study are not dissimilar to those of a
survey study conducted over a decade ago; Park et al. found
that 86.9% of laparoscopic surgeons reported physical symp-
toms or discomfort [24]. As such, solutions to these ergo-
nomic challenges have been needed for some years. Ergo-
nomic guidelines that advise surgeons on arranging their
MAS equipment (table height and video feed positioning)
to minimise musculoskeletal strain are available [14, 25,
26]. However, studies suggest surgeons may not be aware
of these guidelines [11, 12, 24, 27]. One current strategy
towards mitigating the mental and physical strain of per-
forming MAS procedures is intraoperative targeted stretch-
ing ‘micro breaks’ (TSMBs) [21]. These are designed to
interrupt extended periods of muscle loading and poor pos-
ture to prevent lactate build-up and fatigue. Although studies
have demonstrated some improvement in mental focus and
reduction in musculoskeletal pain and fatigue with TSMBs
[21, 28], complete effectiveness in the long term is yet to
be seen. In the case of RAS, an ergonomic operating chair
may help improve comfort by maintaining a correct posture
while operating [29].

Emergence of robotic surgical systems

Robotic surgical systems have emerged as a feasible option
to help overcome the mechanical limitations of conventional
MAS instruments, offering improved visualisation, dexterity
and precision [30]. Robotic systems have also negated some
of the ergonomic challenges facing surgeons. Operating sur-
gical instruments remotely, with the option to sit or stand,
has eliminated the need to adopt static, hunched position-
ing when performing MAS. In the sitting position, an open-
console design promotes the adoption of an upright posture
and neutral pose minimizing musculoskeletal discomfort;
the option to vary positioning is a key ergonomic advan-
tage. However, systems with a closed-console design and
uncomfortable controller hand grips leave room for ergo-
nomic improvement [10]. Our finding that 90% of surgeons
regularly performing RAS experience discomfort further
supports that robotic systems should be more ergonomi-
cally designed. Future studies could explore differences in
ergonomics between RAS and MAS from the perspective of
surgeons performing both.
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Study strengths

A large international surgeon population representing mul-
tiple surgical specialties and techniques completed this sur-
vey, allowing fair representation of outcomes and robust
comparisons. Survey questions were open-ended where
possible to give surgeons the option to provide detailed,
explanatory answers, including insights such as perceived
age of peak performance and likelihood of early retirement,
which are not widely reported in the literature.

Study limitations

Given that the survey’s ten questions were designed to
be completed in five minutes, it is difficult to fully assess
causal factors and there is a risk of over-interpretation of the
results. No formal psychometric validation analyses were
carried out during the development of the survey, and the
subjective nature of pain and discomfort can yield high vari-
ance in results. Although surgeon recruitment was carried
out by an independent specialist, market research studies
are associated with several inherent biases. For example, the
wording of the survey’s questions may have been subject to
confirmation bias, whereby the researcher is convinced of a
hypothesis and responses are shaped to confirm this outcome
[31]. Additionally, answers may be subject to sponsor bias,
where exaggeration or scaling back of responses can result
from respondents being aware of the study sponsor [32].
Finally, the surgeon population in this study did not include
urologists, who frequently perform MAS. Perspectives from
this surgical specialty would be important to consider in
future research.

Conclusion and future implications

This study demonstrates that ergonomic issues continue to
persist in MAS and contributes to the evidence for the unmet
needs of surgeons. Most surgeons in this large population
across three countries experienced some degree of discom-
fort at least sometimes, most commonly in the back, neck,
shoulders and feet. A considerable proportion of these sur-
geons felt it likely they would consider early retirement as
a result, highlighting that surgeon longevity is a key issue
with conventional MAS. Innovative solutions are needed to
reduce the physical burden on surgeons and prevent poten-
tial economic and societal impacts on healthcare systems.
Novel robotic surgical systems may help improve MAS ergo-
nomics; however, no system has yet successfully provided
a complete solution.
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Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11701-021-01358-6.

Acknowledgements The authors thank the surgeons who took part in
this study. The authors also acknowledge Oliver Palmer, BSc (Hons),
and Marc Lynch, PhD, from Costello Medical, UK, for medical writ-
ing and editorial assistance based on the authors’ input and direction.
This study was funded by CMR Surgical in accordance with Good
Publication Practice (GPP3) guidelines (http://www.ismpp.org/gpp3).

Author contributions Substantial contributions to study conception and
design: JM, GDS. Substantial contributions to analysis and interpreta-
tion of the data: JM, GDS. Drafting the article or revising it critically
for important intellectual content: JM, GDS. Final approval of the ver-
sion of the article to be published: JM, GDS.

Funding CMR Surgical.

Data availability The authors confirm that the data supporting the find-
ings of this study are available within the article and its supplementary
materials.

Declarations

Conflict of interest Jonathan Morton has received consultancy fees
from CMR Surgical and Galvani Bioelectronics. Grant D. Stewart
has received educational grants from Pfizer, AstraZeneca, and Intui-
tive Surgical; consultancy fees from Merck, Pfizer, EUSA Pharma,
and CMR Surgical; travel expenses from Pfizer; and speaker fees from
Pfizer and EUSA Pharma.

Ethical approval All survey respondents consented to participate in this
study. Ethics approval was not required as this was a market research
study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Conlon KC, Dougherty E, Klimstra DS et al (1996) The value of
minimal access surgery in the staging of patients with potentially
resectable peripancreatic malignancy. Ann Surg 223:134-140

2. Fuchs GJ (2006) Milestones in endoscope design for minimally inva-
sive urologic surgery: the sentinel role of a pioneer. Surg Endosc
20(Suppl 2):5493-499

3. Krag DN, Meijer SJ, Weaver DL et al (1995) Minimal-access sur-
gery for staging of malignant melanoma. Arch Surg 130:654-658

4. Sancibrian R, Gutierrez-Diez MC, Torre-Ferrero C et al (2014)
Design and evaluation of a new ergonomic handle for instruments
in minimally invasive surgery. J Surg Res 188:88-99

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Cwach K, Kavoussi L (2016) Past, present, and future of laparo-
scopic renal surgery. Investig Clin Urol 57:s110-s113

Powell F, Khaund A (2016) Laparoscopy and laparoscopic surgery.
GORM 26:297-303

Abu Gazala M, Wexner SD (2017) Re-appraisal and consideration
of minimally invasive surgery in colorectal cancer. Gastroenterol
Rep (Oxf) 5:1-10

Lee J, Asher V, Nair A et al (2018) Comparing the experience of
enhanced recovery programme for gynaecological patients undergo-
ing laparoscopic versus open gynaecological surgery: a prospective
study. Perioper Med (Lond) 7:15

Crothers IR, Gallagher AG, McClure N et al (1999) Experienced
laparoscopic surgeons are automated to the “fulcrum effect”: an
ergonomic demonstration. Endosc 31:365-369

Armijo PR, Huang CK, High R et al (2019) Ergonomics of mini-
mally invasive surgery: an analysis of muscle effort and fatigue in
the operating room between laparoscopic and robotic surgery. Surg
Endosc 33:2323-2331

Liang B, Qi L, Yang J et al (2013) Ergonomic status of laparoscopic
urologic surgery: survey results from 241 urologic surgeons in china.
PLoS ONE 8:¢70423

Welcker K, Kesieme EB, Internullo E et al (2012) Ergonomics in
thoracoscopic surgery: results of a survey among thoracic surgeons.
Interact Cardiovasc Thorac Surg 15:197-200

Janki S, Mulder E, Ijzermans JNM et al (2017) Ergonomics in the
operating room. Surg Endosc 31:2457-2466

Reyes DA, Tang B, Cuschieri A (2006) Minimal access surgery
(MAS)-related surgeon morbidity syndromes. Surg Endosc 20:1-13
Stucky CH, Cromwell KD, Voss RK et al (2018) Surgeon symptoms,
strain, and selections: systematic review and meta-analysis of surgi-
cal ergonomics. Ann Med Surg (Lond) 27:1-8

Chai CY, Chen CH, Lin HW et al (2010) Association of increasing
surgeon age with decreasing in-hospital mortality after coronary
artery bypass graft surgery. World J Surg 34:3-9

Tsugawa Y, Jena AB, Orav EJ et al (2018) Age and sex of surgeons
and mortality of older surgical patients: observational study. BMJ
361:1343

Aitchison LP, Cui CK, Arnold A et al (2016) The ergonomics of
laparoscopic surgery: a quantitative study of the time and motion of
laparoscopic surgeons in live surgical environments. Surg Endosc
30:5068-5076

Meltzer AJ, Hallbeck MS, Morrow MM et al (2020) Measuring
ergonomic risk in operating surgeons by using wearable technology.
JAMA Surg 155:444-446

Lee MR, Lee GI (2017) Does a robotic surgery approach offer
optimal ergonomics to gynecologic surgeons? A comprehensive
ergonomics survey study in gynecologic robotic surgery. ] Gynecol
Oncol 28(5):e70

Park AE, Zahiri HR, Hallbeck MS et al (2017) Intraoperative
“micro breaks” with targeted stretching enhance surgeon physical
function and mental focus: a multicenter cohort study. Ann Surg
265:340-346

Dalager T, Sogaard K (2017) Musculoskeletal pain among surgeons
performing minimally invasive surgery: a systematic review. Surg
Endosc 31:516-526

Plerhoples TA, Hernandez-Boussard T, Wren SM (2012) The aching
surgeon: a survey of physical discomfort and symptoms following
open, laparoscopic, and robotic surgery. J Robot Surg 6:65-72
Park A, Lee G, Seagull F et al (2010) Patients benefit while surgeons
suffer: an impending epidemic. J] Am Coll Surg 210:306-313
Berguer R, Forkey DL, Smith WD (2001) The effect of laparoscopic
instrument working angle on surgeons’ upper extremity workload.
Surg Endosc 15:1027-1029

van Det MJ, Meijerink WJ, Hoff C et al (2009) Optimal ergonom-
ics for laparoscopic surgery in minimally invasive surgery suites: a
review and guidelines. Surg Endosc 23:1279-1285

@ Springer


https://doi.org/10.1007/s11701-021-01358-6
http://www.ismpp.org/gpp3
http://creativecommons.org/licenses/by/4.0/

1354

Journal of Robotic Surgery (2022) 16:1347-1354

217.

28.

29.

30.

Wauben LS, van Veelen MA, Gossot D et al (2006) Application of
ergonomic guidelines during minimally invasive surgery: a question-
naire survey of 284 surgeons. Surg Endosc 20:1268-1274
Hallbeck MS, Lowndes BR, Bingener J et al (2017) The impact
of intraoperative microbreaks with exercises on surgeons: a multi-
center cohort study. Appl Ergon 60:334-341

Kim FJ, Sehrt DE, Molina WR et al (2011) Initial experience of a
novel ergonomic surgical chair for laparoscopic pelvic surgery. Int
Braz J Urol 37(4):455-460

Vitiello V, Lee SL, Cundy TP et al (2013) Emerging robotic plat-
forms for minimally invasive surgery. IEEE Rev Biomed Eng
6:111-126

@ Springer

31. Mynatt CR, Doherty ME, Tweney RD (1977) Confirmation bias in a
simulated research environment: an experimental study of scientific
inference. Q J Ex Psychol 29:85-95

32. Lexchin J, Bero LA, Djulbegovic B et al (2003) Pharmaceutical
industry sponsorship and research outcome and quality: systematic
review. BMJ 326:1167-1170

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	The burden of performing minimal access surgery: ergonomics survey results from 462 surgeons across Germany, the UK and the USA
	Abstract
	Introduction
	Materials and methods
	Study design
	Surgeon inclusion criteria and screening process
	Ergonomics survey
	Statistical analyses

	Results
	Surgeon demographics
	Discomfort performing surgery
	Peak performance and early retirement

	Discussion
	Ergonomic challenges are inherent in MAS
	Impact on surgeons and socioeconomic consequences
	Current approaches towards mitigating the impacts of poor ergonomics in MAS
	Emergence of robotic surgical systems
	Study strengths
	Study limitations
	Conclusion and future implications

	Acknowledgements 
	References




