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Abstract

Background Minimally invasive surgical techniques such as robotic surgical platforms have provided favourable

outcomes for patients, but the impact on surgeons is not well described. This systematic review aims to synthesize

and evaluate the physical and mental impact of robotic surgery on surgeons compared to standard laparoscopic or

open surgery.

Methods A search strategy was developed to identify peer-reviewed English articles published from inception to end

of December 2019 on the following databases: MEDLINE, PubMed, PsycINFO and Embase. The articles were

assessed using a modified Newcastle–Ottawa tool.

Results Of the 6563 papers identified, 30 studies were included in the qualitative synthesis of this review. Most of the

included studies presented a high risk of bias. A total of 13 and 21 different physical and mental tools, respectively,

were used to examine the impact on surgeons. The most common tool used to measure physical and mental demand

were surface electromyography (N = 9) and the NASA Task Load Index (NASA-TLX; N = 8), respectively.

Majority of studies showed mixed results for physical (N = 10) and mental impact (N = 7). This was followed by

eight and six studies favouring RS over other surgical modalities for physical and mental impact, respectively.

Conclusion Most studies showed mixed physical and mental outcomes between the three surgical modalities. There

was a high risk of bias and methodological heterogeneity. Future studies need to correlate mental and physical stress

with long-term impact on the surgeons.

Introduction

New surgical technology has enabled a shift towards

minimally invasive surgery such as laparoscopy and more

recently, robotics. These techniques have benefits relating
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to patient outcomes [1, 2] with robotic surgery (RS)

demonstrating lower rates of intraoperative and post-op-

erative complications when compared to laparoscopic

surgery (LS) or open surgical techniques (OS) [3]. RS

techniques have also built a reputation for improved pre-

cision and physical comfort for surgeons [4], which has led

to its increased use across surgical disciplines. However,

some studies have not shown a clear advantage of RS over

LS for perioperative [3] or post-operative outcomes [5].

Furthermore, there are a high hospital costs [3] associated

with adapting robotic technology.

Surgeon comfort is frequently cited to justify the use of

RS over LS and OS. The majority of literature focuses on

patient outcomes, but there is an increasing number of

studies examining both the cognitive and ergonomic chal-

lenges of surgeons when using different surgical modali-

ties. Studies have shown that LS is limited by decreased

range of movement, reduced dexterity and two-dimen-

sional views [6], whereas for RS, the three-dimensional

optics and comfort of being seated [7] have shown to be

associated with reduced muscular workload in the shoulder

and neck regions as well as reduced perceived exertion [8].

A recent meta-analysis [9] comparing muscle activation

between LS and RS suggests that RS is ergonomically

superior with lower muscle activation.

Conceptually, society benefits from surgical methods

that provide better patient outcomes while reducing the

physical and mental workload for surgeons. While previous

reviews and meta-analysis [9–11] have examined the

physical ergonomics of RS, this systematic review aims to

provide a more comprehensive understanding of the com-

parative literature on the physical and mental impact of RS

compared to LS or OS on surgeons.

Methods

Search strategy and data source

This systematic review was conducted in accordance with

the PRISMA-P guidelines [12]. A literature search was

conducted using Medline, PubMed, Cochrane database,

Embase and PsycINFO. The Medical Subject Headings

(MESH) terms and text words from the MEDLINE search

strategy were adapted to the other databases and indexing

to capture the concept of physical or mental demands on

either RS, LS and/or OS on surgeons to identify peer-re-

viewed articles (Supplementary Tables 1 and 2). In addi-

tion, a manual search of the cited references in each article

was completed.

Study eligibility criteria

The inclusion criteria for this systematic review were: (1)

original studies of comparative study design between RS

and LS or OS reporting physical or mental outcomes, (2)

published in English language between inception and

December 2019, and (3) utilized the da Vinci robotic sur-

gical system. Studies which were not comparative were

excluded.

Selection process and data extraction

Two authors (LSP, FYP) independently screened the titles

and abstracts for all search results and classified relevant

articles based on the eligibility criteria. Studies selected by

individual reviewers were then compared and any dis-

crepancies were settled by a third reviewer (JH). Full-text

review and data extraction of the final 30 studies were

divided between the two reviewers (LSP, FYP), and a

summary of the data was recorded in a collective database.

Any queries or issues were discussed between the two

reviewers (LSP and FYP) with any advice from JH as

necessary.

Methodological quality and reporting of results

The quality of all included articles was assessed indepen-

dently by the two authors using a modified version of the

Newcastle–Ottawa risk of bias tool developed by Herzog

et al. [13] (Supplementary Fig. 1). The modified New-

castle–Ottawa risk of bias tool is used to evaluate each

study in three main categories: (1) selection (maximum

score of 5), (2) comparability (maximum score of 2) and

(3) outcome (maximum score of 3). Each of the three

category scores was added to give a maximum total score

of 10. Results of all included studies were synthesized

based on their physical or mental impact on surgeons.

Results

Search results

A total of 6,563 articles were identified (Fig. 1). Seven

additional articles were identified by checking through

references of relevant articles. After the removal of

duplicated papers, the remaining 5179 abstracts were

screened resulting in a list of 71 articles. The 71 full-text

articles were further assessed based on the predetermined

inclusion/exclusion criteria resulting in a final number of

30 studies that were included in the qualitative synthesis.

The 41 studies were excluded due to the use of a different
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robotic system (n = 8), no outcome measure of interest

(n = 12), or non-comparative studies (n = 21).

Study characteristics

The characteristics of the included studies are summarized

in Tables 1 and 2. The number of participants in the final

30 studies ranged from 1 to 117 participants. 25 studies

compared RS versus LS, one study compared RS versus

OS, and four studies compared all three techniques. The

included studies consisted of a wide range of surgery types

(Tables 1 and 2) including simulation tasks, general,

gynaecological, urological and thyroid surgery. Simulation

surgical tasks were the most common type of surgery

(N = 14) performed.

Physical and mental load assessment tools

Physical and mental impacts were examined in 24

(Table 1) and 19 studies (Table 2), respectively. Of these,

13 studies examined both the physical and mental impact

of RS on surgeons. Examples of the tools and the number

of studies that used each of these tools to compare the

physical and mental impact of RS, LS, and/or OS on sur-

geons are outlined in Supplementary Tables 3 and 4.

Various types of measures and tools were used to assess

the physical (Supplementary Table 3) and mental impact

(Supplementary Table 4). 12 studies measured physical

impact using quantitative tools, while 15 studies used

subjective tools such as self-reported questionnaires or

visual analogue scales. In contrast, mental strain was

mostly measured using subjective questionnaires (N = 18),

while quantitative measures such as cortisol levels and

cardiovascular responses to stress were used by only five

studies. The most commonly used tool was surface elec-

tromyography (EMG), an objective measure of physical

stress, which was used by 9 studies. The NASA-TLX, a

multi-dimensional subjective visual analogue rating scale

that measures workload, was the next most common tool

used by 8 studies which assesses both mental and physical

load.

Records iden�fied through database search
- MEDLINE (N=1071)
- EMBASE (N=4660)
- PsycINFO (N=12)
- PubMED (N=801)
- Cochrane (N=19)

Total N=6,563

Records Screened
N=5,179

Addi�onal records iden�fied 
through other sources

N=7

Records a�er duplicates removed
N= 5,179

Full-text ar�cles assessed for eligibility
N=71

Studies included in qualita�ve 
synthesis

N=30

Records excluded
N= 5,108

Full-text ar�cles excluded
N= 41

N=8      different robo�c system
N= 12   no outcome measure of interest
N=21    non-compara�ve studies
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Fig. 1 PRISMA flowchart of literature search and selection of included studies
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Table 1 Summary of characteristics and findings of studies examining physical demand

Author, year Subjects Type of surgery Tool p value Summary of outcome Favours

Robotic (intervention) versus laparoscopic surgery (control): N = 19

Stefanidis

2010 [4]

34 medical

students

Porcine Model:

Nissen
fundoplication

NASA-TLX

summative score

p\ 0.001 Less workload in RS RS

van der

Schatte,

2009 [14]

16 medical

students

Simulation Tasks:

Rope passing,
Needle capping,
Bead dropping

LED, # of physical

complaints

p\ 0.01 RS had lower LED

Score and median

score of physical

complaints

demonstrating less

physical workload

RS

Hubert 2013

[15]

11 senior surgeons

(7 general

surgeons, 4

urology

surgeons)

Porcine Model:

varied type of
procedure
depending on
surgeon’s specialty

NASA-TLX:

Physical Demand

p\ 0.05 Less physical demand

in RS

RS

BORG CR-10:

shoulders, neck,

back

Less activity in RS for

all regions

CV Measurement:

Heart Rate

Slower HR and lower

mean heart rate cost

in RS

EMG: bilateral

erector spinae,

trapezius, flexor

digitorum (RMS)

Less muscle activation

in RS

Zihni 2014

[16]

1 general surgeon 18 General Surgeries

(13 LS, 5 RS)

EMG: bilateral

biceps, triceps,

deltoids,

trapezius (%

MVC)

p\ 0.05 Less muscle activation

in RS

RS

Zihni 2014

[23]

6 surgeons (2

attending

surgeons, 2

mid-level

surgical

residents, 2

novices)

Simulation Tasks:

FLS
EMG: Right

trapezius, biceps,

deltoid (% MVC)

p\ 0.05 Mean activation of

right bicep deltoid

more elevated in LS

Mean activation of

right trapezius more

elevated in RS

MIXED

Lawson 2007

[24]

1 surgeon Roux-en-Y gastric

bypass surgery (4

LS, 4 RS)

BPD: neck, upper

back

p\ 0.05 Neck: less discomfort

in LS Upper back:

less discomfort in

RS

MIXED

BPD: lower back,

bilateral

shoulders,

buttocks, wrists,

hands

p[ 0.05 No difference

RULA: upper &

lower arm, wrist,

trunk

p\ 0.05 Upper & lower arm,

wrist: more

ergonomical in RS

Trunk: more

ergonomical in LS
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Table 1 continued

Author, year Subjects Type of surgery Tool p value Summary of outcome Favours

Szeto 2013

[25]

2 surgeons Colorectal Surgery

(low anterior

resection): each

surgeon performed

1 RS and 1 LS

EMG: erector

spinae, upper

trapezius, anterior

deltoid

N/A Erector Spinae: no

difference in

surgeon 1, less

activation in RS for

surgeon 2

Upper Trapezius: Less

activity in LS for

surgeon 1, less

activation in RS for

surgeon 2

Anterior Deltoid: No

difference in surgeon

1, less activation in

RS for surgeon 2

MIXED

Sanchez

2018 [17]

14 surgeons Simulation Task:

surgical repair of
incisional hernia
in an inanimate
model

LED: upper limb p\ 0.01 Less upper limb

discomfort in RS

RS

Zarate

Rodriguez

2019 [26]

14 novices Simulation Tasks:

FLS
EMG p\ 0.05 Higher %MVC in LS

for most muscle

groups except for

right trapezius

muscle

Higher %MVC in RS

for right trapezius

muscle for most

tasks except for the

intracorporeal

suturing task

MIXED

12 LS surgeons p[ 0.05

except for

right

trapezius

Higher %MVC in RS

for peg transfer and

pattern cutting tasks

but not for

intracorporeal

suturing task. Not

statistically

significant. Only stat

significance in right

trapezius (p\ 0.05)

5 RS surgeons p[ 0.05

except for

right

trapezius

Muscle activation

greater on LS but

not statistically

significant for most

muscle groups

Only statistically

significant difference

was for right

trapezius muscle for

peg transfer and

pattern cutting

(p\ 0.05)

14 novices NASA-TLX:

physical demand

p\ 0.01 Less workload in RS

12 LS surgeons p[ 0.05 No difference

5 RS surgeons

Stefanidis

2011 [18]

117 attendees at

the SAGES

2006 Learning

Centre

Simulation Tasks:

FLS
NASA-TLX:

physical demand

p\ 0.001 Less physical

workload in RS

RS
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Table 1 continued

Author, year Subjects Type of surgery Tool p value Summary of outcome Favours

Moss 2019

[19]

4 consultant

gynaecologic

oncology

surgeons

Simulation Tasks:

Beads, Hoops,
Wire Chase
(normal & high
BMI model)

EMG (normalized

peak)

Beads

(normal

BMI

model):

N.S. All

others

p\ 0.01

Beads (normal BMI

model): no

difference. All other

tasks: significantly

higher muscle usage

in LS

RS with NO

DIFFERENCE

on just one

task/model

Mendes 2019

[27]

22 experienced &

young surgeons

(8 urologists, 11

gynaecologists,

3 paediatric

surgeons)

Any surgery lasting

greater than

60 min (88 RS, 82

LS)

BORG Scale p\ 0.05 Higher scores during

LS in experienced

surgeons

No significant

difference in young

surgeons

MIXED

NASA-TLX:

Physical Demand

Less demand in RS in

experienced

surgeons

Less demand in LS in

young surgeons

Butler 2013

[32]

6 gynaecologic

surgeons (4

attending, 2

fellows)

Gynaecologic

Surgeries

Quantitative Grip

Dynamometer,

Single-leg stance,

Subjective visual

analogue scale

p[ 0.05 No difference between

groups

Single-leg stance

shows trend towards

decreased postural

stability following

laparoscopy (balance

error scores 33%)

NO

DIFFERENCE

Armijo 2019

[28]

16 various

surgeons

28 various surgeries

(18 LS, 10 RS)

EMG: upper

trapezium,

anterior deltoid,

flexor carpi

radialis (% MVC)

p\ 0.05 Higher activations in

RS

MIXED

EMG: extensor

digitorum (%

MVC)

p[ 0.05 No difference

EMG: upper

trapezium,

anterior deltoid,

flexor carpi

radialis (median

frequency)

p[ 0.05 No difference

EMG: extensor

digitorum

(median

frequency)

p\ 0.001 Lower median

frequency in LS

which correlates

with increased

muscle fatigue

Piper Fatigue Scale-

12 Overall Score

p = 0.869 No difference
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Table 1 continued

Author, year Subjects Type of surgery Tool p value Summary of outcome Favours

Van

Koughnett

2009 [29]

1 hepatobiliary

surgeon

Porcine Model: 20

choledochojejunal
anastomoses

SAS: Image quality,

depth perception,

comfort, eye

fatigue, dexterity,

precision of

motion, speed of

motion, range of

motion

p\ 0.001 Higher difficulty in LS MIXED

SAS: tactile

awareness

p\ 0.001 Higher difficulty in RS

SAS: fluidity of

motion

p = 0.07 No difference; Non-

significant trends

favouring RS

Visual Analogue

Scale: Degree of

Difficulty

p\ 0.001 Higher difficulty in LS

Gonzalez-

Sanchez

2017 [35]

1 general surgeon

(chief role and

assistant role)

Digestive surgery (1

RS/chief, 1 RS/

assistant, 1 LS/

chief, 1 LS/

assistant)

PROMS: POMS

Index, VAS,

QPFS 9

p\ 0.05 Chief role:

significantly higher

changes in RS for all

except POMS

confusion and QPFS

Assistant role: higher

changes in LS for

POMS index,

fatigue, vigour,

friendliness, anxiety

and QPFS; Higher

changes in RS for

POMS confusion and

VAS; No difference

in POMS anger and

depression

INCONCLUSIVE

OCOM: handgrip

test & SLBT

p\ 0.05 Chief role: high

functional fatigue

during RS Assistant

role: no significant

changes in grip

strength for both RS

and LS; higher

SLBT runtime for

dominant leg in LS

but no difference in

non-dominant leg

EMG (%MVC) N/A Higher activation in

RS but statistic test

not completed
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Table 1 continued

Author, year Subjects Type of surgery Tool p value Summary of outcome Favours

Lee 2014 [7] 13 MIS surgeons

(6 LS experts, 4

surgical

residents, 3 RS

experts)

Simulation Task: 6
surgical training
tasks

EMG: biceps, flexor

carpi ulnaris

(cumulative

workload)

p\ 0.05 Higher workload in LS MIXED

EMG: trapezius

(cumulative

workload)

p\ 0.05 Higher workload in RS

EMG: triceps,

deltoid, extensor

digitorum, thenar

compartment,

erector spinae

(cumulative

workload)

p[ 0.05 No difference

NASA-TLX:

physical demand

p\ 0.05 Higher physical

workload in LS

Tarr 2015

[30]

16 surgeons 86 Sacrocolpopexy

(33 RS, 53 LS)

NASA-TLX:

physical demand,

BPD (median)

p[ 0.05 No difference MIXED

BPD (final model

for change in

BPD scale)

No p value

reported

but

significant

t-value

scores of -

2.49 and -

2.38

Lower neck/shoulder,

back discomfort

scores in RS

Moore 2015

[33]

32 surgeons Simulation Tasks:

ball pick-and-drop
task, rope-
threading task

SURG-TLX:

physical demand

p[ 0.05 No difference NO

DIFFERENCE

Robotic (intervention) versus open surgery (control): N = 1

Collins 2012

[34]

8 gynaecological

surgeons

Gynaecological

Surgeries (8 OS, 8

RS)

Accelerometer p[ 0.05 No difference NO

DIFFERENCE

Robotic (intervention) versus laparoscopic surgery (control I) versus open surgery (control II): N = 4

Lee 2011

[21]

7 surgeons Thyroid Surgeries MSK Questionnaire

(neck/back pain)

Statistical

analysis

not

performed

71.4% found LS and

28.6% found OS

associated with the

most MSK pain

RS (trend)

Law 2018

[20]

7 colorectal

surgeons

Colorectal Surgeries

(87 OS, 70 LS, 28

RS)

NASA-TLX:

physical demand

p\ 0.005 Less physical demand

in RS

RS

Marcon 2019

[31]

multi-centre

surgeons

Nephrectomies (65

OS, 65 SL, 65

HAL, 69 RS)

NASA-TLX:

physical demand

p\ 0.005 The least physical

demand in RS

MIXED

BORG Scale:

bilateral shoulder/

arm/forearm/

hand, lower back,

leg exertion

p\ 0.05 Less left shoulder and

arm exertion, left

forearm and hand

exertion but greater

lower back exertion

in RS
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Risk of bias

The modified Newcastle–Ottawa scores of the 30 studies

ranged from 5 to 9 with a mean score of 7.5, showing

moderate risk of bias (Table 3). As a modified version of

the Newcastle–Ottawa Scale for cross-sectional studies

[13], there were no predetermined threshold scores to

determine a ‘‘good’’ quality study. None of the 30 studies

justified their sample size. 5 studies did not choose a rep-

resentative sample for the target population. 15 studies lost

points as the ascertainment of exposure was based on self-

report. All studies used appropriate statistical tests to

analyse the data and were clearly described.

Study findings

A summary of the study findings is shown separately for

the physical and mental demand in Tables 2 and 3,

respectively.

Physical Demand. A total of 19 studies compared RS

versus LS, one study compared RS versus OS, and four

studies compared all three surgical modalities for physical

impact on surgeons. Among these studies, eight studies

favoured RS [4, 14–20], one study showed a trend towards

favouring RS [21], and one study favoured RS over LS but

showed no difference to OS [22]. Most studies (N = 10)

showed mixed results [7, 23–31] with only three studies

showing no difference between the surgical modalities

[32–34], and one study with inconclusive results [35].

EMG was the most common tool used to measure

physical demand in studies, which either favoured RS over

LS [15, 16, 19, 23, 25, 26, 28], or produced mixed results

[7, 23, 25, 28] as physical demand highly depended on

which muscle was being measured. Less muscle activation

in trapezius muscle [7, 23] but higher activation of arm

muscles was seen for LS compared to RS [7, 23, 25]. On

the other hand, one study [28] showed higher activation of

the trapezium, anterior deltoid and flexor carpi radialis in

RS, while there were no significant differences between the

two surgical techniques in activation of other measure

muscle groups.

Another common tool was the NASA-TLX, a subjective

measure for physical workload, which showed that

laparoscopic surgery was either more physically demand-

ing [4, 7, 15, 18, 27] than robotic surgery or there were no

significant differences between the two types of surgery

[26, 30]. Interestingly, two studies [26, 27] compared the

physical demand of robotic and laparoscopic surgery

between novices and expert surgeons. While the study by

Mendes et al. [27] showed that both novice and expert

surgeons both showed less physical demand in robotic

surgery measured by the NASA-TLX, the study by Zarate

Rodrigues et al. [26] showed that novices found robotic

surgery less physically demanding than laparoscopic sur-

gery, while experts found no significant differences in

physical demand between the two surgical techniques.

One study [34] comparing RS to OS showed no sig-

nificant difference in physical activity levels measured by

accelerometers between the two surgical techniques. The

four studies [20–22, 31] comparing all three types of sur-

gery showed the least physical discomfort or a trend

towards the least physical discomfort in RS [20–22, 31]

although one study recorded the greatest pain in the lower

back in RS compared to OS or LS [31].

Mental demand. A total of 17 studies compared RS

versus LS and two studies compared all three surgical

Table 1 continued

Author, year Subjects Type of surgery Tool p value Summary of outcome Favours

Elhage 2015

[22]

6 urological

surgeons

Simulation Task:

In vitro vesico-

urethral

anastomosis

BORG Scale OS versus

LS, LS

versus RS:

p\ 0.005

OS versus

RS:

p[ 0.005

The greatest

discomfort in LS.

No difference in RS

and OS

RS/OS

% MVC Percent Maximum Voluntary Contraction, BMI Body Mass Index, BPD Body Part Discomfort Scale, CV Cardiovascular, EMG
Electromyography, FLS Fundamentals of Laparoscopic Surgery, HAL Hand-assisted Laparoscopy, LS Laparoscopic Surgery, LED Local

Experienced Discomfort Scale, MIS Minimally Invasive Surgery, MSK Musculoskeletal, N Number of Studies, N/A Not Available, NASA-TLX
National Aeronautics and Space Administration Task Load Index, OCOM Objective Clinical Outcome Measure, OS Open Surgery, POMS
Profile of Mood States, QPFS 9 Quick Questionnaire Piper Fatigue Scale, RMS Root Mean Square, RS Robotic Surgery, RULA Rapid Upper-

Limb Assessment Tool, SAS Subjective Assessment Scale, SL Standard Laparoscopy, SLBT Single Leg Balance Test, SURG-TLX Surgery Task

Load Index, VAS Visual Analogue Scale

2074 World J Surg (2021) 45:2066–2080

123



Table 2 Summary of characteristics and findings of studies examining mental demand

Author,

year

Subjects Type of surgery Tool p value Summary of

outcome

Favours

Robotic (intervention) versus laparoscopic surgery (control): N = 17

Passerotti

2015 [39]

31 medical students

and 12 surgeons

Simulation Tasks: Peg
transfer, precision
cutting, simple
suturing with
intracorporeal knot
tying

ISAT: Frustration

(during & after

session)

p\ 0.01 More frustration in

LS

RS

VAS: Mood (after

session)

Better mood in RS

Sanchez

2018 [17]

14 surgeons Simulation Task:

surgical repair of
incisional hernia in
an inanimate model

SMEQ p\ 0.01 Less mental effort

in RS

RS

Gonzalez-

Sanchez

2017 [35]

1 general surgeon

(chief role and

assistant role)

Digestive surgery (1

RS/chief, 1 RS/

assistant, 1 LS/chief,

1 LS/assistant)

QPFS p[ 0.05 No difference MIXED

VAS & POMS p\ 0.001 Less fatigue in LS

Armijo

2019 [28]

16 various surgeons 28 various surgeries (18

LS, 10 RS)

QPFS p[ 0.05 No difference NO

DIFFERENCE

Klein 2012

[36]

15 medical students Simulation Task: peg
transfer

MRQ p[ 0.05 No difference MIXED

DSSQ P\ 0.05 Less stress in RS

Klein 2014

[40]

10 residents, 6 expert

surgeons

Simulation Task: peg
transfer

DSSQ p\ 0.05 Less stress in RS RS

Stefanidis,

2010 [4]

34 medical students Porcine Model: Nissen
fundoplication

NASA-TLX

summative

score

p\ 0.001 Less workload in

RS

RS

Hubert

2013 [15]

11 senior surgeons (7

general surgeons, 4

urology surgeons)

Porcine Model: varied
type of procedure
depending on
surgeon’s specialty

NASA-TLX:

mental demand

p[ 0.05 No difference NO

DIFFERENCE

Lee 2014

[7]

13 MIS surgeons (6

LS experts, 4

surgical residents, 3

RS experts)

Simulation Task: 6
surgical training
tasks

NASA-TLX:

mental demand

p[ 0.05 No difference NO

DIFFERENCE

Stefanidis

2011 [18]

117 attendees at the

SAGES 2006

Learning Centre

Simulation Tasks: FLS NASA-TLX:

mental demand

p[ 0.05 No difference NO

DIFFERENCE

Tarr 2015

[30]

16 surgeons 86 Sacrocolpopexy (33

RS, 53 LS)

NASA-TLX:

mental demand

p[ 0.05 No difference NO

DIFFERENCE

Mendes

2019 [27]

22 experienced &

young surgeons (8

urologists, 11

gynaecologists, 3

paediatric

surgeons)

Any surgery lasting

greater than 60 min

(88 RS, 82 LS)

NASA-TLX:

mental demand

Experienced

surgeons:

p[ 0.05

Young

surgeons:

p\ 0.05

Experienced

surgeons: no

difference

Young surgeons:

less mental

effort in LS

MIXED

Moore

2015 [37]

32 surgeons Simulation Tasks: ball
pick-and-drop, rope-
threading

SURG-TLX:

mental demand

p[ 0.051 No difference MIXED

RSME p\ 0.001 Less demand in RS

Moore

2015 [33]

32 surgeons Simulation Task: ball
pick-and-drop

STAI p[ 0.051 No difference MIXED

CV

Measurements:

challenge threat

index

p\ 0.05 More adaptive CV

response in RS
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modalities for mental impact on surgeons. Of these, seven

studies [20, 27, 33, 35–38] showed mixed results, six

studies [4, 14, 17, 39–41] favoured better mental outcomes

in RS, and five studies [7, 15, 18, 28, 30] showed no dif-

ference. One study [31] comparing all three modalities

showed the most mental demand in OS but did not report

any statistical differences between RS and LS.

Mental demand was mostly measured by subjective

measures such as self-report questionnaires, most com-

monly the NASA-TLX [7, 15, 18, 20, 27, 30, 31]. These

studies all showed no differences in mental demand

between the surgical techniques except for in young sur-

geons [27] and one study showing less mental demand in

RS than LS [20]. Studies using physiological measures of

mental stress [14, 33, 38] all favoured robotic surgery with

the exception of mean arterial pressure and cortisol levels

in one study [38].

Discussion

This systematic review aimed to synthesize the current

literature on the physical and mental demand of robotic

surgery on surgeons compared to laparoscopic and/or open

surgery. Although systematic reviews examining the

impact of robotic surgery to the patient outcomes have

Table 2 continued

Author,

year

Subjects Type of surgery Tool p value Summary of

outcome

Favours

van der

Schatte,

2009 [14]

16 medical students Simulation Tasks: Rope
passing, Needle
capping, Bead
dropping

CV

Measurements:

MSSD, PEP,

HRA (mean)

p\ 0.01 Lower CV stress in

RS

RS

SMEQ (median) Less mental effort

in RS

Hurley

2015 [38]

16 medical students Simulation Tasks: The
3-Dmed� task kit

Skin conductance,

Heart rate (avg),

Heart rate

variability

(SDNN,

RMSSD)

p\ 0.01 Less demand in RS MIXED

Mean arterial

pressure,

Cortisol

p[ 0.05 No difference

Heemskerk

2014 [41]

2 surgeons Elective

Cholecystectomies

(11 LS and 11 RS)

HR (mean) p\ 0.05 Less demand in RS RS

LF/HF ratio p\ 0.05 Less demand in RS

Robotic (Intervention) versus Laparoscopic surgery (Control I) versus Open surgery (Control II): N = 2

Law 2018

[20]

7 colorectal surgeons Colorectal Surgeries

(87 OS, 70 LS, 28

RS)

NASA-TLX:

mental demand

RS vs. LS:

p\ 0.05

RS vs. OS:

p[ 0.05

Less mental

demand in RS

than LS but no

difference

between RS and

OS

MIXED

Marcon

2019 [31]

multi-centre surgeons Nephrectomies (65 OS,

65 SL, 65 HAL, 69

RS)

NASA-TLX:

mental demand

p\ 0.01 The most mental

demand in OS

INCONCLUSIVE

CV Cardiovascular, DSSQ Dundee Stress State Questionnaire, FLS Fundamentals of Laparoscopic Surgery, HAL Hand-assisted Laparoscopy, HR
Heart Rate, HRA Heart Rate Average, ISAT Imperial Stress Assessment Tool, LS Laparoscopic Surgery, LF/HF Low frequency/High frequency,

MIS Minimally Invasive Surgery, MRQ Multiple Resources Questionnaire, MSSD Mean Square of Successive Differences between Consecutive

Heartbeats, NASA-TLX National Aeronautics and Space Administration Task Load Index, OS Open Surgery, PEP Pre-Ejection Period, POMS
Profiles of Mood States, QPFS Quick Questionnaire Piper Fatigue Scale, RMSSD Root Mean Square of Successive Differences between

Consecutive Heartbeats, RS Robotic Surgery, RSME Rating Scale of Mental Effort, SDNN Standard Deviation of the NN (R-R) Intervals, SL
Standard Laparoscopy, SMEQ Subjective Mental Effort Questionnaire, STAI State-Trait Anxiety Inventory, SURG-TLX Surgery Task Load

Questionnaire, VAS Visual Analogue Scale
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been published [15], the benefits for surgeons have yet to

be critically assessed. One recent systematic review [10]

appraised musculoskeletal pain in surgeons performing

robotic surgery and a more recent meta-analysis [9] com-

pared muscle activation between robotic and laparoscopic

surgery using EMG; however, no studies to date have

evaluated both the physical and mental impact of robotic

surgery on surgeons.

Majority of the included studies in the current system-

atic review produced mixed results. Although many of the

studies showed a general trend towards favouring robotic

surgery, it is evident from this review that there is high

heterogeneity in study size and methodology, surgical

specialties, procedures, techniques, as well as measures to

evaluate physical and mental demand. Therefore, the

results of the current systematic review need to be

interpreted with caution. The inconsistency in the study

findings as well as the variability of outcome measures

makes interpretation of the study results and generaliz-

ability challenging.

One of the major contributors to the heterogeneity were

the tools used to measure physical and mental impact.

Seven different subjective scales and six different objective

tools were used to measure physical workload alone, while

there were even greater variety in tools used to measure

mental workload. Such variety in tools prevented per-

forming a meta-analysis.

The NASA-TLX is a commonly used subjective mea-

sure of workload in human factors that is being increas-

ingly used in surgical research [42]. The NASA-TLX

consists of general questions on the subjective experience

of physical or mental workload without specifying

Table 3 Risk of Bias scored by the modified Newcastle–Ottawa Tool

Author Selection Comparability Exposure Total

Hubert 2013 [15] 4 2 3 9

Heemskerk 2014 [41] 4 2 3 9

Elhage 2015 [22] 4 2 3 9

Gonzalez-Sanchez 2017 [35] 4 2 3 9

Armijo 2019 [28] 4 2 3 9

Moss 2019 [19] 4 2 3 9

van der Schatte 2009 [14] 4 2 2 8

Stefanidis 2010 [4] 4 2 2 8

Stefanidis 2011[18] 4 2 2 8

Collins 2012 [34] 3 2 3 8

Butler 2013 [32] 4 1 3 8

Zihni 2014 [16] 3 2 3 8

Hurley 2015 [38] 3 2 3 8

Moore 2015 [37] 4 1 3 8

Zarate Rodriguez 2019 [26] 4 1 3 8

Mendes 2019 [27] 4 2 2 8

Lawson 2007 [24] 3 2 2 7

Klein 2012 [36] 3 2 2 7

Zihni 2014 [23] 2 2 3 7

Klein 2014 [40] 3 1 3 7

Lee 2014 [7] 3 2 2 7

Tarr 2015 [30] 4 1 2 7

Law 2018 [20] 3 2 2 7

Van Koughnett 2009 [29] 2 2 2 6

Lee 2011 [21] 3 1 2 6

Passerotti 2015 [39] 3 1 2 6

Moore 2015 [33] 3 1 2 6

Sanchez 2018 [17] 3 1 2 6

Marcon 2019 [31] 4 0 2 6

Szeto 2013 [25] 1 1 3 5

World J Surg (2021) 45:2066–2080 2077

123



locations of the body or aspects of cognitive demand,

respectively. It measures a general impression of physical

and mental demand rather than specific areas of discomfort

that can be compared between surgical technique types.

Lawson et al. [24] used a different questionnaire, the Body

Part Discomfort Questionnaire, which is a more targeted

survey to measure physical discomfort. The authors

reported less physical discomfort in the upper back and

extremities but more discomfort in the neck and trunk

region for robotic surgery compared to laparoscopic sur-

gery. [24] The physical comfort surgeons experience may

differ depending on the body part, which the NASA-TLX

fails to capture. Despite this limitation, the NASA-TLX

was one of the most commonly used tools. The Surgery

Task Load Index is more specific to surgery but was used

in two studies by the same group of researchers. [33, 37]

Surface EMG, an objective measure of muscle activity

in a specific body part, was the most common tool used in

this systematic review to assess physical workload. Some

studies using surface EMG [15, 16, 19] were favourable for

robotic surgery compared to laparoscopic or open surgery.

However, majority of the studies using EMG

[7, 23, 25, 26, 28] showed mixed results where the reduced

muscle activation depended on which body part was being

measured. This is consistent with the recent meta-analysis

by Hislop et al. [9] which showed that the biceps were the

only muscle group that consistently demonstrated lower

muscle activation for robotic surgery.

Other studies have used tools such as the RULA,

accelerometers, quantitative grip dynamometers, single-leg

stance and cardiovascular measurements to examine the

physical stress of surgical techniques on surgeons (Sup-

plementary Table 3). Since there is no ‘‘gold standard’’ tool

for measuring physical stress in surgeons, several different

tools have been utilized, which make comparison of results

across studies difficult. Moreover, increased activities in

these objective measures may indicate more movement or

muscle strain; however, they may not necessarily mean that

the surgeon subjectively experiences greater physical

strain. Only nine studies [7, 14, 15, 24, 26–28, 31, 32]

included in this review used both subjective and objective

measures to correlate the physical workload findings. It

would be informative for future studies to examine corre-

lations between these objective measures of physical stress

and subjective measurement tools.

19 studies examined the mental impact of robotic sur-

gery on surgeons most commonly using self-reported rating

scales, while only five studies [14, 33, 37, 38, 41] utilized

objective measures of mental stress. Various validated self-

reported scales (Supplementary Table 4) including visual

analogue scales [29, 32] were used to evaluate mental

stress, fatigue, frustration or mental effort in surgeons,

which may be subject to personal bias and preference in

surgical technique. Furthermore, the variety of tools used

make it difficult to interpret the results across the studies.

Studies using physiological measures of stress such as

cardiovascular measures, cortisol, and skin conductance

have been used to objectively measure stress. Although a

few studies favoured robotic surgery, which showed lower

mental effort and more adaptive cardiovascular responses

to stress conditions, each study used a different calculation

making interpretation across the studies challenging. It is

important to note that these studies used heart rate vari-

ability as a measure of mental strain under the assumption

that its increase is closely associated with increased sym-

pathetic activation. However, cardiovascular measures may

be influenced by various factors and the validity of such

physiological measures of stress remains unclear. As such

more studies using the same type of physiological tool

measure in the same way in a larger number of subjects are

necessary for better interpretation of the data.

There is no doubt that comparative surgical studies are

challenging due to various patient, surgeon, environmental

and skill factors. This is reflected in this systematic review

which has demonstrated high heterogeneity in study size,

methodology, surgical specialties, surgical expertise (from

medical students to experienced surgeons) and tools used.

In addition to the methodological weakness of the included

studies, the majority of the studies used simulations which

may underestimate both the physical and mental stress

experienced by the surgeons compared to real surgeries.

Even within the simulation studies, there were a wide range

of outcome measures, expertise level and type of simula-

tion used which resulted in significant heterogeneity and

prevented meta-analysis and consistent interpretation of the

results. It is possible that certain surgical specialties may

benefit greater from robotic surgical techniques than others.

For example, laparoscopic prostatectomy was performed

by a small number of surgeons because of the technical

difficulty but many perform robotic prostatectomy. This

review is specific to the da Vinci robotic system and cannot

be generalized to other platforms.

Further studies are necessary to better understand how

different surgical approaches impact the surgeon’s physical

and mental load during surgery. In the surgeons’ lifetime,

physical pain and fatigue may increase the risk of com-

plications and mistakes during surgery. [7] This level of

physical pain and fatigue may vary depending on the level

of surgeons’ expertise and setting of the surgery, which

both need to be further ascertained in future studies.

Additionally, mental stress and mental wellbeing can affect

the efficiency, productivity and longevity of the surgeons’

career, [40] which may have economic benefits as training

a surgeon is costly.
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Conclusion

This systematic review identified 30 studies that examined

the physical and/or mental impact of the da Vinci robotic

surgical system on surgeons compared to laparoscopic and/

or open surgical techniques. Most studies showed mixed

physical and mental outcomes between the three surgical

modalities. This is most likely due to the high hetero-

geneity in methodology and measurement tools used in the

included studies, which makes comparison of results

between studies challenging. Overall, the available evi-

dence regarding the physical and mental demand for the

different surgical approaches is of relatively low quality

and it is not possible to definitely state that robotic surgery

has less physical or mental fatigue based on the current

evidence. Studies on long-term outcomes are needed to

better understand the differences in cognitive or physical

demand of surgeons between the three surgical modalities

and their impact over time.
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