
Vol.:(0123456789)1 3

Journal of Robotic Surgery (2023) 17:1207–1225 
https://doi.org/10.1007/s11701-022-01492-9

REVIEW ARTICLE

Transfer of open and laparoscopic skills to robotic surgery: 
a systematic review

Baldev Chahal1 · Abdullatif Aydın1,2 · Mohammad S. Ali Amin3 · Kelly Ong4 · Azhar Khan2,5 · 
Muhammad Shamim Khan5 · Kamran Ahmed1,2 · Prokar Dasgupta1,5

Received: 30 July 2022 / Accepted: 12 November 2022 / Published online: 22 November 2022 
© The Author(s) 2022

Abstract
Due to its advantages over open surgery and conventional laparoscopy, uptake of robot-assisted surgery has rapidly increased. 
It is important to know whether the existing open or laparoscopic skills of robotic novices shorten the robotic surgery learn-
ing curve, potentially reducing the amount of training required. This systematic review aims to assess psychomotor skill 
transfer to the robot in clinical and simulated settings. PubMed, EMBASE, Cochrane Library and Scopus databases were 
systematically searched in accordance with PRISMA guidelines from inception to August 2021 alongside website searching 
and citation chaining. Article screening, data extraction and quality assessment were undertaken by two independent review-
ers. Outcomes included simulator performance metrics or in the case of clinical studies, peri- and post-operative metrics. 
Twenty-nine studies met the eligibility criteria. All studies were judged to be at high or moderate overall risk of bias. Results 
were narratively synthesised due to heterogeneity in study designs and outcome measures. Two of the three studies assessing 
open surgical skill transfer found evidence of successful skill transfer while nine of twenty-seven studies evaluating lapa-
roscopic skill transfer found no evidence. Skill transfer from both modalities is most apparent when advanced robotic tasks 
are performed in the initial phase of the learning curve but quality and methodological limitations of the existing literature 
prevent definitive conclusions. The impact of incorporating laparoscopic simulation into robotic training curricula and on 
the cost effectiveness of training should be investigated.

Keywords Open surgery · Laparoscopic · Robotics · Simulation · Skill transfer

Introduction

Robotic surgery has experienced a rapid increase in 
uptake, with a four-fold increase in the number of robot-
assisted operations performed over the last decade [1]. The 

continuing favourability of robot-assisted surgery (RAS) is 
due to the numerous advantages it possesses over open sur-
gery and conventional laparoscopy such as faster learning 
curves, eradication of the fulcrum effect and the ability to 
mirror the movements of the wrist and hand [2]. Further-
more, when compared to open procedures, RAS operations 
have resulted in more favourable patient-centred outcomes 
such as significantly decreased blood loss, length of hospi-
tal stay, transfusion rates [3] and lower post-operative pain 
medication use [4].

Therefore, as experienced surgeons switch to robot-
assisted operations to capitalise on its advantages, it is 
now a priority to address the training needs of current and 
future surgeons. It is clinically important to know how far 
existing skills transfer for safe robot-assisted operations on 
patients, and whether prior open or laparoscopic experience 
complicates or complements the robotic skill acquisition 
process. There are also implications for surgical trainees 
undergoing robotic training, based solely on the acquisition 

 * Abdullatif Aydın 
 abdullatif.aydin@kcl.ac.uk

1 MRC Centre for Transplantation, Guy’s Hospital, 
King’s College London, 5Th Floor Southwark Wing, 
London SE1 9RT, UK

2 Department of Urology, King’s College Hospital NHS 
Foundation Trust, London, UK

3 Oxford University Clinical Academic Graduate School, 
Oxford, UK

4 Department of Urology, Princess Royal University Hospital, 
Orpington, UK

5 Urology Centre, Guy’s and St, Thomas’ NHS Foundation 
Trust, London, UK

http://crossmark.crossref.org/dialog/?doi=10.1007/s11701-022-01492-9&domain=pdf


1208 Journal of Robotic Surgery (2023) 17:1207–1225

1 3

of robot-specific technical skills. Simulation forms the ini-
tial stage of robotic skills training due to its convenience, 
efficiency and provision of safe training posing no risk to 
patients [5]. Robotic simulators are more expensive [6] 
and less available than laparoscopic simulators [7, 8], so 
establishing whether skills learnt on laparoscopic simula-
tors transfer to the extent that less time is needed on robotic 
simulators may optimise the use of such limited resources.

It might be expected that open surgical experience 
translates into enhanced robot-assisted performances as 
knowledge of the anatomy and approaches associated with 
operating in a particular region may aid in mastering the 
robotic form of the operation. Similarly, given that laparo-
scopic surgeons are well versed in fundamental minimally 
invasive techniques and accustomed to manoeuvring instru-
ments through an indirect field of view, they might be well 
equipped with transferable skills to augment their robotic 
skills. This review aims to assess the transfer of open and 
laparoscopic psychomotor skills (gained through surgical 
simulation or operative experience) to the robot, evaluat-
ing their impact on the robotic learning curve. Successful 
crossover of skills across the various modalities would not 
only result in surgeons being able to operate across a range 
of settings but may optimise their training in terms of dura-
tion and cost effectiveness.

Methods

Design

A systematic review assessing the transfer of open and lapa-
roscopic skills to robotic surgery was conducted in accord-
ance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement [9]. A 
review protocol was prospectively designed and registered 
on the International Prospective Register of Systematic 
Reviews (PROSPERO) database (CRD42021231235) [10].

Eligibility criteria

Studies involving medical students, surgical trainees and 
consultant surgeons (expert surgeons) were included, with 
exclusion of any study involving non-medical participants. 
Eligible interventions included assessed performances of 
robotic tasks or procedures after undergoing laparoscopic 
training or having prior laparoscopic or open surgical experi-
ence. Comparators included control participants (no open or 
laparoscopic experience) or robotically trained participants. 
Outcomes included measures of task performance in opera-
tive or simulated settings, with studies not assessing the 
impact of skill transfer in statistical terms being excluded. 
Randomised controlled trials, non-randomised comparative 

studies, cohort studies and observational studies evaluating 
skill transfer were included. Review articles, editorials, let-
ters to the editor and conference abstracts were excluded. 
A restriction on language was imposed, with only studies 
written in English being included.

Search strategy

The PubMed, EMBASE, Cochrane Library and Scopus data-
bases were systematically searched from their inception to 
August 2021. A combination of free-text terms and medical 
subject headings (MeSH) was used in the searches. For Pub-
Med and the Cochrane Library, the search strategy ‘(lapa-
roscop* OR open OR Laparoscopy[mesh] OR Minimally 
Invasive Surgical Procedures[mesh]) AND (robot* OR 
Robotic Surgical Procedures[mesh]) AND (transfer*)’ was 
used. For Embase, ‘((laparoscop* OR open) AND robot* 
AND transfer*)’ was used, while ‘((laparoscop* OR open) 
AND surg* AND robot* AND transfer*)’ was employed for 
Scopus. The Google Scholar search engine was employed in 
combination with website searching and citation chaining to 
find relevant grey literature.

Study selection and screening

Initial screening of article titles and abstracts was performed 
by two independent reviewers (BC and MSAA). Duplicates 
were removed and the full text of articles which passed this 
initial screening process was then assessed for eligibility 
against the inclusion criteria. Disagreements over inclusion 
or exclusion were referred to a third reviewer (AA).

Data extraction and risk of bias assessment

Data extraction was performed by two independent review-
ers using a pre-defined, standardised form. Any disagree-
ments were resolved by a third reviewer. Data extracted 
included study characteristics such as author, publication 
date, study type and study population, as well as study 
outcome measures and results. All included studies were 
assessed for risk of bias by two independent reviewers using 
the Cochrane risk-of-bias tool for randomised trials (RoB 
2) [11] and the Risk Of Bias In Non-Randomised Studies 
of Interventions (ROBINS-I) tool [12]. Disagreement was 
resolved by referral to a third reviewer.

Data synthesis

It was not possible to undertake a meta-analysis due to het-
erogeneity in study design and outcome measures. Thus, 
results were narratively synthesised in accordance with 
PRISMA [9] and Synthesis without meta-analysis (SWiM) 
[13] guidelines.
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Results

One thousand one hundred and fifty-two records were iden-
tified through database searching and fourteen additional 
records were identified through a search of the grey literature 
and citations. After deduplication, 693 studies were eligi-
ble for title and abstract screening with 622 studies being 
excluded, leaving 71 studies for full-text screening (Fig. 1). 
Forty-two studies were then excluded after full-text screen-
ing. Thus, 29 studies were included for narrative synthesis.

Characteristics of included studies

The characteristics of the included studies are displayed in 
Tables 1 and 2. Of the studies included were 9 randomised 
controlled trials [20, 21, 23, 24, 27, 32, 33, 38, 42] (RCTs), 
15 prospective cohort studies [15, 16, 22, 25, 26, 28–31, 
34–37, 39, 41], 2 non-randomised controlled trials [18, 40], 
1 retrospective cohort study [17], 1 uncontrolled before-
and-after study [19] and 1 prospective single-surgeon study 
[14]. The publication dates of the included studies ranged 
from 2003 to 2020. All studies had a small sample size 

ranging from the results of 1 surgeon [14] to 21 participants 
[30]. Study participants included medical students, surgi-
cal trainees of all levels of training and expert surgeons. 
Robotic systems used in studies included the da Vinci Surgi-
cal System (Intuitive Surgical, Sunnyvale, CA), the Mimic 
dV-Trainer (Mimic Technologies Inc., Seattle, Washington), 
the RoSS surgical simulator (Simulated Surgical Systems, 
Williamsville, New York) and the Senhance Surgical System 
(TransEnterix Inc., Morrisville, NC).

Risk of bias

The results of the risk of bias assessment are depicted in 
Appendices 1 and 2. Two studies were assessed to have low 
risk of bias [23, 38] while nineteen studies were judged to 
have some concerns over risk of bias. Eight studies were 
deemed to be at high overall risk of bias.

Findings

The heterogeneity in study design, participants, interven-
tions and outcome measures prevented the undertaking of 
a meta-analysis so the results were narratively synthesised, 

Fig. 1  PRISMA flow diagram
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categorised into the type of setting and then into either trans-
fer of open skills or transfer of laparoscopic skills.

Real‑time skills transfer

Four studies [14–17] evaluated skill transfer in the clinical 
setting (Table 3). One study [14] demonstrated the success-
ful transfer of open skills to robotic prostatectomy, describ-
ing an experienced open surgeon (with robotic experience 
of a day’s training course and two cadaveric procedures) 
achieving a 4-h proficiency after just 12 patients. All out-
comes were satisfactory and equivalent to the performances 
of ‘expert’ surgeons who had experience of over 100 robotic 
procedures.

Three studies [15–17] assessed the transfer of laparo-
scopic skills to robotic surgery in the clinical setting. Eddib 
et al. [15] evaluated robot-assisted laparoscopic hyster-
ectomy performances with the only significant difference 
reported being that the advanced laparoscopic surgeons had 
a shorter mean procedure time (121 vs 174 min, p < 0.05) 
with comparable performances in all other metrics. Kilic 
et al. [16] also reported time reductions for laparoscopically 
trained participants, concluding that prior laparoscopic expe-
rience contributes to an improved robotic surgery learning 
curve in the context of vaginal cuff closure. In contrast, IK. 
Kim et al. [17] evaluated the first 100 robot-assisted rectal 
cancer resections performed by a highly experienced lapa-
roscopic surgeon and a surgeon with limited laparoscopic 
experience, finding comparable results overall.

Simulated setting

Table 4 illustrates the findings of the studies assessing 
skill transfer in the simulated setting. Two studies [22, 30] 
assessed the transfer of open skills to robotic surgery, with 
both using the da Vinci Skills Simulator. Cumpanas et al.’s 
[22] cohort study found no significant difference in the over-
all performance of open surgeons and surgical novices on 
the basic robotic task of Peg Board (80 vs 78%, p = 0.5) but 
as task complexity increased, the open surgeons performed 
significantly better. Conversely Kowalewski et al. [30] found 
no significant differences in the performances of open sur-
gical novices, intermediates and experts on the Peg Board, 
Pick and Place and Suture Sponge tasks, with novices out-
performing experts on the Thread the Ring task.

Twenty-four studies [18–21, 23–42] evaluated the transfer 
of laparoscopic skills to robotic surgery in the simulated 
setting. Thomaier et al. [38] assessed the performance of a 
basic robotic task (Peg Transfer) by surgical novices trained 
on either a laparoscopic or a robotic simulator, reporting 
that the laparoscopic trained group successfully transferred 
their skills to the robot with the mean time to complete 
the robotic task decreasing from baseline (167 vs 120 s, Ta
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p = 0.004) with significant improvements in the global rat-
ing composite score and instrument collisions score. The 
transfer is incomplete, however, as the laparoscopic trained 
group were outperformed on the robotic platform by the 
robot trained group.

Three studies [24, 26, 35] reported successful skill 
transfer in both basic and advanced tasks. Hagen et al. [26] 
found that laparoscopically trained surgeons significantly 
outperformed laparoscopically naïve participants on ring 
placement, suturing with knot tying and needle guidance 
tasks, concluding that laparoscopic experience is a strong 
predictor of robotic performance. Feifer et al. [24] described 
significant performance improvements in all robotic tasks 
(Peg Transfer, Cutting, Intracorporeal Knot Tying and Can-
nulation) for surgical novices who had received dual training 
on augmented reality (ProMIS) and virtual reality (LapSim) 
laparoscopic simulators, with no significant improvements 
observed in those who had received no training and fewer 
significant improvements in participants who had trained on 
either simulator alone.

Ten studies [18, 19, 23, 25, 28, 29, 31–34] found that 
laparoscopic skill transfer was most evident when advanced 
surgical tasks such as intracorporeal knot tying or suturing 
were performed. In an RCT conducted by Davila et al. [23], 
the mean score improvement for robotic intracorporeal knot 
tying was greatest for inexperienced surgical trainees who 
had undergone 4 weeks of laparoscopic training compared to 
those who instead received 4 weeks of robotic training (82.2 
vs 40.5 points, p = 0.018). In accordance with the findings 
of Davila et al., Panait et al.’s [34] cohort study reported 
that performances on the robot equalled those on the laparo-
scopic platform as the complexity of tasks increased thereby 
demonstrating transfer of skills.

Finnerty et al. [25] echoed these findings, reporting a 
statistically significant correlation between the number of 
laparoscopic operations logged by surgical trainees and per-
formance on an advanced robotic task only (Suture Sponge) 
(p = 0.005, r2 = 0.21). Jayaraman et al.’s [28] study also 
reported that increased minimally invasive surgical experi-
ence correlated with a decreased likelihood of anastomotic 
leak when performing the complex task of suturing a biliary-
enteric anastomosis in robotic choledochojejunostomies on 
a porcine model.

McVey et al.’s [31] cohort study found that baseline lapa-
roscopic task time of surgical trainees on the advanced Intra-
corporeal Suturing with Knot Tying (ISKT) task, but not the 
basic Peg Transfer (PT) task, correlated with post-robotic 
training performances of both Peg Transfer and ISKT time. 
In a similar fashion, Moncayo et al. [32] described signifi-
cant skill transfer for laparoscopically trained students to the 
confined space of the simulated paediatric robotic platform 
for the advanced Thread the Ring task (p = 0.01) but not for 
the basic Transfer the Plot task (p = 0.96). Obek et al. [33] Ta
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evaluated the performances of laparoscopically trained stu-
dents on the advanced knot tying robotic task, reporting that 
their composite score significantly increased after training 
(43% improvement, p = 0.02) with a significant decrease in 

error score (16.2 vs 42.1, p = 0.02) thereby demonstrating 
skill transfer to the robot.

In contrast, nine studies [20, 21, 27, 30, 36, 39–42] found 
no evidence of skill transfer in either basic or advanced 

Table 3  Main results of included studies assessing skill transfer in clinical settings

EBL estimated blood loss, exp. experienced, Hb haemoglobin, inexp. inexperienced, lap. laparoscopic, LN laparoscopic-naïve

Study author, year Relevant outcome measures Statistical analysis Key findings Skill transfer demonstrated?

Ahlering et al. [14], 2003 Operative time, time of 
completion of each opera-
tive step

EBL
Hb drop
Length of hospital stay
Resection margin status
Continence and potency

Not reported 4-h proficiency achieved 
after 12 cases

Satisfactory outcomes in all 
metrics

Yes—successful transfer of 
open surgical skills

Eddib et al. [15], 2013 Total operative time, con-
sole time, closing time, 
procedure time

EBL
Hb drop
Length of hospital stay
Pain medication use
Complications

Student’s t test Lap. exp. vs lap inexp. 
surgeons:

 Mean procedure time: 121 
vs 174 min (p < 0.05)

 Mean console time: 70 vs 
119 min (p < 0.05)

 Mean EBL: 64 vs 84 ml 
(p = 0.3)

 Mean Hb drop: 1.7 vs 1.33 
(p = 0.2)

 Pain medication use: 74.9 
vs 68.8 mg morphine 
(p = 0.83)

 Length of stay: 1.07 vs 
1.35 days (p = 0.29)

Advanced lap. experi-
ence only significantly 
impacted length of 
procedure but no other 
variables

Kilic et al. [16], 2012 Suture time t test Lap. exp. surgeons: 
significant time reduc-
tion from laparoscopy to 
the robot (457 ± 158 s vs 
337 ± 235 s, p = 0.02)

LN participants: non-
significant time reduction 
(p = 0.5)

No significant differences 
between lap. exp. and LN 
mean suturing times on 
either platform (laparos-
copy: p = 0.009, robot: 
p = 0.5)

Yes—previous lap. experi-
ence improves the robotic 
surgery learning curve

Kim et al. [17], 2014 Operative time
Conversion rate to open 

surgery
Time to first flatus
Time to soft diet resump-

tion
Length of hospital stay
Post-operative morbidity or 

mortality
Complications
Resection margin status

Pearson’s Chi-squared test
Fisher’s exact test
Student’s t test
Moving average method

Less exp. surgeon had 
shorter operation 
time (272.6 ± 121.8 
vs 344.0 ± 59.7 min, 
p < 0.001)

Lap. exp. surgeon’s 
patients had shorter 
hospital stays (8.7 ± 3.7 
vs 12.7 ± 12.9 days, 
p = 0.003) and less time 
to soft diet resump-
tion (3.4 ± 1.4 vs 
6.5 ± 5.6 days, p < 0.001)

Bowel motility: no signifi-
cant difference in time to 
first flatus (p = 0.462)

No—substantial previous 
lap. experience does not 
translate into superior 
performances
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tasks. Tillou et al.’s [39] study involved assessment of the 
more advanced task of suturing alongside basic tasks such 
as camera manipulation and Endowrist handling, finding 
comparable performances across all tasks between laparo-
scopically experienced surgeons and laparoscopically naïve 
trainees thereby signifying a complete lack of skill transfer. 
Similarly, Zihni et al. [42] found no evidence of laparoscopic 
skill transfer in both basic and advanced robotic tasks, not-
ing that prior performance of the Pattern Cutting task on 
the laparoscopic platform appeared to impede subsequent 
performance of the task on the robot. Teishima et al. [37] 
reported significantly better overall Suture Sponge scores 
in the initial trials for laparoscopic experts compared to sur-
geons with less experience but by the fourth trial, there was 
no significant difference in scores (59.1 ± 19.5 vs 49.1 ± 7.0, 
p = 0.1068) suggesting that laparoscopic experience only 
confers an advantage in the initial phase of the robotic learn-
ing curve.

Discussion

Robotic training curricula consist of multiple modalities 
aiming to develop the necessary cognitive and psychomo-
tor skills for safe robotic surgical practice. These modalities 
include dry and wet laboratory training, virtual reality simu-
lation and online lectures [43]. Skill transfer from robotic 
virtual reality simulation to the operative environment has 
been demonstrated, thereby indicating its integral role in 
training curricula [44]. This review aimed to evaluate the 
presence of crossover from a trainee’s open or laparoscopic 
skills as any such skill transfer might accelerate the robotic 
training process and also result in greater availability of 
expensive robotic simulators to other trainees as less time is 
spent in the simulation phase. The results of the 29 included 
studies found conflicting evidence relating to the transfer of 
open and laparoscopic skills to robotic surgery in both clini-
cal and simulated settings.

Successful open surgical skill transfer to the robotic 
clinical setting was demonstrated with satisfactory peri- 
and post-operative outcomes achieved in the absence of any 
laparoscopic experience [14]. However, the findings of the 
studies conducted in the simulated setting confirm the cur-
rent view in surgical practice that open surgical skill trans-
fer of any extent is insufficient in itself to enable a direct 
transition to robotic surgical practice in the absence of any 
systematic robotic training; one study found no evidence of 
any skill transfer [30] while the other reported skill transfer 
only for advanced robotic tasks [22].

Laparoscopic surgical experience only translates into 
reduced robotic procedure time in the clinical setting, with 
no significant improvement in other metrics [15, 16]. One 
study [17] contrarily reported that the surgeon with the Ta
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least laparoscopic experience had a significantly shorter 
mean operative time but acknowledged confounders such 
as differing specimen extraction and anastomosis techniques 
between the surgeons which might have affected procedure 
time. Successful laparoscopic skill transfer does occur in 
the simulated setting, most notably when advanced robotic 
tasks are performed [37] although some studies did observe 
a transfer effect for basic tasks as well [23, 24, 26, 35, 38]. 
Substantial laparoscopic experience is not essential for suc-
cessful skill transfer to occur as six studies [18, 19, 24, 32, 
33, 38] reported a transfer effect in surgical novices follow-
ing their completion of short laparoscopic training courses.

Thus, for both open and laparoscopic modalities, several 
studies suggested a possible correlation between task com-
plexity and the extent of skill transfer. This is consistent with 
the high construct validity (ability to differentiate between 
experts and novices) associated with advanced robotic tasks 
such as Suture Sponge [45], so any superiority in the per-
formances of open or laparoscopically experienced partici-
pants would be most evident in these tasks. Cumpanas et al. 
[22] attributed open surgeons’ extensive prior experience in 
guiding the needle from different angles when performing 
suturing as the reason for the transfer effect seen but noted 
that this inclination to reproduce their usual open surgery 
hand movements on the robotic console resulted in a worse 
master workspace score (a metric representing the virtual 
space used by the instruments during task performance). 
In contrast, Pimentel et al. [36] reported significantly better 
master workspace scores for laparoscopic surgeons as they 
are accustomed to manoeuvring instruments in a confined 
space which suggests that, unlike open surgical experience, 
prior laparoscopic experience enhances efficiency of move-
ment on the robotic platform.

As described for open surgery [22], another reason for 
the laparoscopic transfer effect observed on advanced tasks 
may include an existing skillset of needle driving developed 
through repetitive practice and experience which predisposes 
laparoscopically trained participants to a more precise per-
formance on the robot [25, 26, 29]. Two studies [24, 33] 
also conjectured that laparoscopic training facilitates the 
development of visual cues associating knot tension with 
suture resistance, thus preparing the participant for the loss 
of haptic feedback on the robotic platform but this is con-
trary to existing literature which reported that the perception 
of haptic feedback on the robot is similar between novices 
and laparoscopic surgeons [46].

There may be a preliminary period in which laparo-
scopically trained subjects transitioning to robotics adopt 
a conservatory strategy with camera and instrument move-
ments [21] as they ‘unlearn’ certain laparoscopic-associated 
acquisitions [39] such as adjustment for the fulcrum effect 
[41] to adapt to the robotic console. This could explain why, 
for studies in which a progressively difficult task sequence 

was employed, performances improved as task complexity 
increased because the initial basic robotic tasks may serve 
to prime and enable modification of the laparoscopic skillset 
to the robot. This, therefore, implicates a role for systematic 
robotic training to include both basic and advanced tasks 
regardless of a surgeon’s prior laparoscopic experience.

Limitations

Limitations to the review findings include the low quality of 
certain studies, small sample sizes and low number of task 
repetitions assessed in some of the included studies. Report-
ing of outcomes also varied between studies, thus preventing 
a meta-analysis of results, with some studies electing to use 
time and score measurements only which precludes com-
prehensive assessment of surgical performance [47]. Con-
founders for laparoscopic skill transfer studies such as open 
surgical experience [22, 29] and video gaming experience 
[48] were inconsistently reported with variation in the defi-
nition of ‘laparoscopically experienced’; having more than 
3 previous laparoscopic experiences constituted ‘experi-
enced’ in one study [16] whereas participants with up to 750 
laparoscopic cases logged were classed as ‘experienced’ in 
another [25]. At review level, the exclusion of non-English 
language studies may have increased the risk of language 
bias. However, strengths of the review include its compre-
hensive search strategy of numerous databases, adherence to 
the PRISMA [9] and SWiM [13] checklists, thorough qual-
ity assessment and its nature as the first systematic review 
investigating skill transfer of these modalities.

Implications for research and/or practice

All studies in the simulated setting assessed only the initial 
phase of the robotic surgery learning curve where skill 
transfer is most evident [37], so increasing the numbers 
of trials up to the acquisition of proficiency [23] in future 
studies would enable evaluation of skill transfer in the 
context of the whole learning curve. Given the reported 
additive mechanism by which a combination of virtual 
reality and augmented reality simulators enhance robotic 
performances [24], high-quality randomised controlled tri-
als evaluating their impact on the robotic surgery learning 
curve are warranted especially as they can be adapted for 
use with robotic training modules [24] which may enable 
development of more cost-effective robotic surgery train-
ing curricula. Some studies also evaluated a robotic trans-
fer effect to laparoscopy [20, 27, 32, 33, 38, 42] with con-
tradictory findings, so further investigation of the impact 
of concomitantly teaching open, laparoscopic and robotic 
skills on trainee performances across the various modali-
ties may aid in the development of more effective curricula 
to accelerate skill acquisition. Cohort studies with larger 
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groups of surgeons in the intraoperative setting will enable 
more confident conclusions to be drawn regarding open 
and laparoscopic skill transfer in the clinical setting.

Regarding clinical practice, although all clinical stud-
ies [14–17] concluded that robotic skills can be acquired 
in the absence of any laparoscopic experience, open and 
laparoscopic training remains an essential part of robust 
surgical training. Robotic surgeons still employ laparo-
scopic skills such as pneumoperitoneum creation and 
adhesiolysis to facilitate port insertion [49], and they 
must be well-versed in open surgical techniques given the 
rates of conversion from robotic to open being as high as 
9.2% for nephroureterectomy, for example [50]. Under-
going concomitant training across all modalities enables 
trainees to become more clinically skilled surgeons, able 
to safely and effectively undertake a variety of procedures 
thereby increasing the range of care they can provide. With 
results suggesting that laparoscopic skill transfer occurs 
in the initial phase of the learning curve, there is need for 
individually tailored curricula correlating with the level 
of laparoscopic expertise the trainee has.

Conclusion

Skill transfer from both modalities appears to be most 
apparent when advanced robotic tasks are performed in 
the initial phase of the learning curve but quality and 
methodological limitations of the existing literature pre-
vent definite conclusions from being drawn. The impact of 
incorporating laparoscopic simulation into robotic train-
ing curricula on all phases of the robotic surgery learning 
curve and on the cost effectiveness of training should be 
investigated.
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