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Abstract
Background  Laparoscopic suturing (LS) has become a common technique used in a variety of advanced laparoscopic pro-
cedures. However, LS is a challenging skill to master, and many trainees may not be competent in performing LS at the end 
of their training. The purpose of this review is to identify simulation platforms available for assessment of LS skills, and 
determine the characteristics of the platforms and the LS skills that are targeted.
Methods  A scoping review was conducted between January 1997 and October 2018 for full-text articles. The search was done 
in various databases. Only articles written in English or French were included. Additional studies were identified through 
reference lists. The search terms included “laparoscopic suturing” and “clinical competence.”
Results  Sixty-two studies were selected. The majority of the simulation platforms were box trainers with inanimate tissue, 
and targeted basic suturing and intracorporeal knot-tying techniques. Most of the validation came from internal structure 
(rater reliability) and relationship to other variables (compare training levels/case experience, and various metrics). Conse-
quences were not addressed in any of the studies.
Conclusion  We identified many types of simulation platforms that were used for assessing LS skills, with most being for 
assessment of basic skills. Platforms assessing the competence of trainees for advanced LS skills were limited. Therefore, 
future research should focus on development of LS tasks that better reflect the needs of the trainees.

Keywords  Laparoscopy · Suturing · Simulation · Assessment

Laparoscopic suturing (LS) is a skill needed in a variety 
of advanced laparoscopic procedures that have become a 
routine part of practice, where LS is used for bowel anas-
tomosis, closure of hiatal defects, handling complications, 
and other procedures. This skill has been identified as one 
of the more challenging skills for surgical trainees to master 
[1, 2]. A needs assessment conducted by Nepomnayshy et al. 
and Enani et al. identified a gap between LS skills needed in 
the operating room (OR) and LS skills targeted by various 
simulation platforms [3, 4]. The main gaps were identified 

for suturing under tension, suturing in tighter spaces, per-
forming bowel anastomosis, backhand suturing, and suturing 
using automated devices. These findings were in conjunction 
with a survey by Mattar et al. where they found that more 
than half of the program directors (PD) did not think gradu-
ated residents had enough skills to perform LS in the OR 
[5]. Together these findings all suggest that there is a need 
to improve the training of the residents when it comes to LS. 
In order to track trainee progress and make sure that they are 
competent in performing LS, we need to be able to assess 
their skills. The purpose of our scoping review is to identify 
simulation platforms available for assessment of LS skills, 
and determine the characteristics of the platforms and the 
LS skills that are targeted.
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Methods

Search strategy

We performed a scoping review between January 1997 and 
October 2017 for full-text articles. Search strategies were 
developed with a librarian (T.L.). The search was done in 
MEDLINE, Embase, CENTRAL, CDSR, and PubMed. 
MEDLINE search strategy (Appendix 1) was applied to 
all databases. The search was repeated in MEDLINE till 
October 2018 for new publications. Only articles written 
in English or French were included. Additional studies 
were identified through reference lists. The search terms 
included “laparoscopic suturing”, “simulation”, and “clini-
cal competence.”

Study selection

Included studies reported data on development and/or vali-
dation of simulation tasks for assessment of LS. Studies 
were excluded if they (1) only included medical students, 
(2) were assessment of whole procedures, (3) were part of a 
program for urology or gynecology or involved LS specific 
for those specialties, or (4) were educational intervention.

Data extraction

Three independent reviewers (E.B., M.A., T.H.) conducted 
the screening. Extracted information included type of simu-
lator (box trainer, augmented reality, virtual reality), task (in 
vivo, ex vivo, inanimate), suturing (intracorporeal (ICK), 
extracorporeal (ECK), continuous, interrupted, hand-sewn, 
device-assisted), scoring metrics, and sources of validity.

We considered a study as targeting advanced laparoscopic 
suturing if the tasks went beyond the FLS intracorporeal 
knot-tying (ICK) task, where participants perform 1 inter-
rupted suture with ICK, with optimal camera angle and 
instrument location.

Ethics approval

This is a review article. Since we only extracted published 
data, and did not contact authors for extra information about 
their studies and ask for additional data, we did not need an 
ethics approval or gather written consent.

Validity evidence

Validity refers to the evidence surrounding a simulation 
task that measures LS skills. There are five sources of 
validity evaluated: content (can the simulation tasks meas-
ure suturing skills), response process (can the scoring be 
done accurately), internal structure (are the scores con-
sistent), relationship to other variables (do the task scores 
correlate with other assessments or differentiate between 
training levels), and consequences (what are the impli-
cations of incorporating the task for assessment into the 
training programs) [6, 7].

Results

Simulation platforms

Through our search, we included 62 studies for data analy-
sis (Fig. 1) [8–69]. Some studies used multiple suturing 
techniques and metrics, which is why the numbers do not 
add up to 62. Among them, 47 used the box trainer (41 
inanimate, 5 ex vivo, 1 not specified (NS)), ten augmented 
reality, three virtual reality, two in vivo methods, and one 
cadavers. The majority of the suturing was done using 
basic ICK techniques (interrupted, 1 suture ICK), similar 
to the suturing done in the Fundamentals of Laparoscopic 
Surgery (FLS) ICK task. For knot-tying, 56 studies used 
intracorporeal (ICK), three extracorporeal (ECK), and 
11 no knot-tying. For suturing, seven studies used con-
tinuous suturing, 51 interrupted, 57 hand-sewn, and two 
device-assisted.

Few studies assessed advanced LS skills. Of those stud-
ies, 1 assessed continuous suturing with ICK using the 
Endo Stitch in an inanimate model. One assessed inter-
rupted suturing with ICK in an in vivo porcine model 
during nissen fundoplication. Four studies used multiple 
inanimate box trainer tasks to assess various advanced 
skills (they used a combination of the following tasks); 
offset angle FLS ICK suture, offset angle backhand ICK 
suture, confined space FLS ICK suture, needle handling 
(changing the needle angle), suturing under tension (3 
interrupted ICK), and continuous suturing (anastomosis). 
Two assessed anastomosis techniques with continuous 
suturing using a porcine intestine model, 1 assessed con-
tinuous suturing using a synthetic suturing pad, 1 assessed 
the anastomosis technique with interrupted suturing using 
a synthetic intestine model, and 1 assessed ICK in a dif-
ficult location on a lamb liver (deep suturing). There was 
also one major vessel injury (MVI) model where trainees 
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had to perform suturing of any kind to stop the bleeding 
of a synthetic tissue. In terms of metrics, 32 studies used 
multiple metrics, 0 used time alone, seven time and error 
alone, 18 motion analysis alone, and four assessment tools 
alone. More details can be found in Table 1.

Validity evidence

The majority of the evidence came from the internal struc-
ture where they evaluated rater consistency and the rela-
tionship to other variables where they evaluated differences 
between different training levels (Table 2). Ten studies 

Fig. 1   Flow chart
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Table 2   Validity evidence of studies that focus on validation of the laparoscopic suturing assessment platforms

Author/Year Sources of validity targeted

Anton N/2018 C (cognitive task analysis, expert opinion)
RP (rater training, clarification of metrics)
I (IRR for assessment tools, factor analysis for ISAT)
R (correlation between the metrics, discriminatory accuracy of metrics)

Bilgic E/2018 C (expert opinion, literature review)
I (IRR)
R (case experience; correlation of the metrics, expert benchmarks)

Poursartip B/2018 C (literature review)
R (training level)

Sawyer JM/2018 RP (rater training, lowering rater bias)
I (IRR)

Takayasu K/2018 R (training level)
Wee J/2018 R (case experience)
Yamaguchi T/2018 RP (iterative metric development)

R (training level)
Bilgic E/2017 (Same tasks as Watanabe Y/2015) C (reference to previous study)

RP (expert benchmark)
I (IRR)

Leeds S/2017 R (training level)
Kowalewski KF/2017 R (training level; correlation between metrics)

I (test–retest reliability for both metrics)
McKendy K/2017 (Same tasks as Watanabe 

Y/2015)
C (reference to previous study, expert opinion)
RP (iterative metric and scale development)
I (IRR, internal consistency, correlation of the metrics)
R (training level)

Rosser JC/2017 R (case experience)
Sleiman Z/2017 C (expert opinion)

R (training level)
Yeung C/2017 I (IRR, test–retest)
Deal SB/2016 I (IRR, internal consistency)
Kowalewski KF/2016 R (case experience for both metrics; correlation of the metrics)

I (test–retest for both metrics)
Sanchez-Margallo JA/2016 R (Case experience; correlation between the metrics)

I (IRR for assessment tool)
Poursartip B/2016 R (case experience)
Zdichavsky M/2016 R (case experience)
Veneziano D/2016 C (participant opinion for MVI model)

R (training level)
Buckley CE/2015 R (case experience for zone; correlation of the metrics)
Chang OH/2015 R (training level)

I (rater reliability)
Nepomnayshy D/2015 R (training level)
Stefanidis D/2015 R (training level/case experience)
Trudeau MO/2015 R (case experience)
Uemura M/2015 R (training level; expert benchmarks)
Watanabe Y/2015 C (expert opinion)

I (IRR, internal consistency)
R (training level, case experience)

Kowalewski TM/2014 R (metrics correlated with each other; higher training levels/case experience scored better)
I (only for p-OSATS, rater reliability)

Trejos AL/2014 R (training level)
Stefanidis D/2014 R (training level/case experience)
Lusch A/2014 R (training level)
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investigated evidence for content through expert opinion, 
five studies investigated response process, and no study 
investigated consequences. 

Discussion

This review identified studies that developed and/or pro-
vided validity evidence for simulation tasks in the context 

Table 2   (continued)

Author/Year Sources of validity targeted

Escamirosa F/2014 C (expert opinion from a questionnaire)
R (training level)
I (Internal consistency for 4 tasks together)

Romero P/2014 R (training level)
Egi H/2013 R (correlation between metrics)

I (IRR for the assessment tools)
Boza C/2013 R (correlating simulation and OR scores for ICSAD and ALRYGB)
Hennessey I/2013 C (experts said both simulators are good for training)

R (training level; correlation between FLS and eoSim ICK)
Bahsoun AN/2013 C (expert opinion)
Palter V/2012 R (expert benchmark)
Pagador JB/2012 R (training level)
Sharma M/2012 R (training level; expert benchmarks)

I (IRR for ICK task)
Strickland A/2011 R (training level)
Hiemstra E/2011 R (training level)
Kobayashi SA/2011 C (expert opinion)

R (training level)
Zheng B/2010 R (training level)
Yamaguchi S/2010 R (training level)
Horeman T/2010 R (training level)
Botden SM/2009 R (training level; correlation between the metrics)

I (IRR for assessment tool)
Kroeze SGC/2009 R (training level)

I (IRR)
Lin D/2009 C (expert opinion)

R (training level)
Xeroulis G/2009 R (training level; correlation between the metrics)
Dayan AB/2008 R (case experience for both metrics)

I (IRR)
Oostema JA/2008 R (case experience)
Zheng B/2007 C (expert and participant opinion)

R (training level/case experience; correlation between LISETT score and team quality)
Stefanidis D/2007 R (training level)
Botden SM/2007 C (participant opinion for AR)

R (training level)
Broe D/2006 R (training level)

I (IRR)
Dubrowski A/2006 R (training level)
Van Sickle KR/2005 R (training level)
Duffy AJ/2005 R (training level)
Moorthy K/2004 R (case experience; metrics correlated with each other)
Figert PL/2001 R (case experience)
Keyser EJ/2000 R (case experience, correlation between 2 platforms)

C Content, RP Response Process, I Internal structure, R Relationship to Other Variables, CO Consequences, IRR Inter-rater reliability, ISAT 
Intraoperative Suturing Assessment Tool, p-OSATS Psychomotor-Objective Structured Assessment of Technical Skills, OR Operating room, 
ICSAD Imperial College Surgical Assessment Device, ALRYGB Assessment of Laparoscopic Roux en-Y Gastric Bypass, ICK Intracorporeal 
knot-tying, FLS Fundamentals of Laparoscopic Surgery, LISETT Legacy Inanimate System for Endoscopic Team Training
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of assessment of LS skills. The first point that we identified 
is that most suturing tasks were based on inanimate models, 
targeting basic LS skills such as 1 interrupted suture with 
intracorporeal knot-tying. One of the platforms most often 
used was the FLS ICK task, or studies modifying the ICK 
task to fit their model. Regarding advanced LS skills, such as 
suturing under tension, bowel anastomosis, backhand sutur-
ing, suturing in tight spaces, and suturing using automated 
devices, there were various ex vivo and inanimate models 
with varying validity evidence to support their usage for 
assessment [4]. In addition, none of the studies addressed 
concerns regarding cost of the simulation platforms.

Metrics are an essential component to simulation since 
they allow us to objectively assess learner performance and 
make sure that learners are competent in a given domain, 
such as LS. Various metrics could have a role in high-stakes 
assessment (measuring competence, decision-making) or 
low-stakes assessment (providing feedback), and the met-
rics have to be linked to the purpose of assessment [70, 71]. 
Among the studies identified, the majority of the metrics 
used for assessment were time and error, motional analysis, 
and assessment tool scores. Time and error metrics are easy 
to implement and there are plenty of data supporting their 
use for assessment. But if the assessment’s purpose was to 
provide feedback, time and error metrics only target speed 
and the end product, which limits learning as the process 
taken to reach the end product is just as important as the end 
product itself and evaluating the process discourages forma-
tion of bad habits inappropriate to the clinical setting [72, 
73]. Motion analysis is a combination of computer-generated 
metrics. Although motion analysis removes the human factor 
and improves score consistency, interpreting the meaning 
behind the scores is not always clear; just because someone 
had a similar path length to experts does not mean that their 
end product is clinically sufficient (e.g., knots do not come 
off, there is no leak, etc.) [74, 75]. Finally, assessment tools 
can provide meaningful feedback and capture the process 
of how someone achieved the end product, but they require 
raters, which could be resource intensive [76]. None of 
the identified studies used the assessments for high-stakes 
evaluation of skill level. They all provided evidence in the 
context of assessing competence without specifying the pur-
pose of assessment. As stated above, having a clear purpose 
is important when choosing the measures of assessment. 
Overall, the majority of the time, metrics were a combina-
tion of various types. The reason for using different types of 
metrics could be that due to the complex nature of the LS 
skill, educators are trying to capture a more complete picture 
of the trainee performance.

Regarding the validity evidence gathered for LS skills 
assessment, most studies investigated the internal structure 
through rater reliability and relationship to other variables by 
comparing scores of different training groups or correlation 

of various metrics, with minimal emphasis of the other 3 
sources of validity. Within this validity framework, all 
sources add something important and the more sources of 
validity investigated, the more robust the evidence for the 
tools’ potential to measure LS skills. To provide evidence 
for the content, the tasks could be developed with experts 
in the field in order to make sure that the skills assessed 
represent skills needed in the clinical setting. Furthermore, 
to provide evidence for the response process, steps could be 
taken to ensure that the scoring is done accurately, through 
rater training and clarification of what the various perfor-
mance scores mean. Evidence for the consequences is not 
addressed much in the literature because it requires a lon-
gitudinal investigation of the implications. For example, 
if the assessor sets pass/fail standards for the assessment, 
the consequences involve what happens to the trainees who 
receive a fail grade and what steps are taken to make sure 
that they can pass. Above all, what we have to understand is 
that validity is not about the task, it is about the assessment 
and interpretation of the score trainees receive. This relates 
to the metrics of the tasks, since metrics construct the score 
[6]. Through the five sources, educators build an argument 
about the interpretation of the assessment depending on the 
purpose of using the simulation task: high-stakes versus 
low-stakes assessment (validity of the interpretations that we 
made). This is important since evidence gathered in each of 
the five sources may differ depending on the purpose. Addi-
tionally, in this review, we did not investigate simulations 
that were used as educational intervention, which might also 
require different validity evidence. Therefore, establishing 
a context-dependent validity evidence is important so that 
educators can accurately reach a conclusion from the evi-
dence gathered. As stated in the previous paragraph, even 
though all of the studies provided evidence in the context of 
assessing LS competence, they were not clear on the purpose 
of assessment.

Among the 62 studies that were analyzed, we identified 
a lot of different simulation tasks that were used for assess-
ment purposes: box trainer, VR, and augmented reality. In 
addition, various types of metrics and suturing and knot-
tying types were used. The variety of tasks and metrics illus-
trate a lack of consensus regarding the best way to incorpo-
rate simulation platforms to assess LS skills. However, it is 
also evident from our review that all platforms had varying 
degrees of validity evidence in the context of assessing LS 
skills. Therefore, it is more important to consider the limi-
tations/advantages of each platform and choose a platform 
accordingly. For example, the cost associated with the plat-
forms and the feasibility of obtaining the necessary appa-
ratus may be limiting for some programs. VR is expensive, 
yet it allows easy assessment of trainees while performing a 
whole procedure without needing live animal models. Box 
trainers with ex vivo tissue might increase the fidelity of the 
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task, yet it is hard to preserve the tissues and they are more 
labor intensive. Box trainers with inanimate models such 
as penrose and fabrics are a much cheaper platform, which 
could explain why 73% of the analyzed studies used them, 
and there is ample evidence to suggest that they are an effec-
tive assessment platform.

In summary, there is no one optimal way to assess LS 
skills, so researchers should develop their own platforms, 
or chose from one of the existing platforms identified in 
this review, taking into account their individual context of 
assessment (type of simulation and metrics, where will the 
assessment take place, who will be the rater, who will be 
assessed etc.), purpose of assessment (formative versus sum-
mative), and the validity evidence for each of the assessment 
conditions.

Conclusion

In conclusion, we identified simulation platforms used for 
assessing LS skills. There were plenty of different platforms, 
yet platforms that could assess the competence of trainees 
for advanced LS skills identified by Nepomnayshy et al. 
(suturing under tension, anastomosis, backhand suturing, 
suturing using an automated device, suturing in tight spaces) 
were limited in number and validity evidence. Therefore, 
future research should focus on assessment of advanced LS 
skills that better reflect the current practice environment.
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Appendix 1: Medline search strategy

	 1.	 Exp Laparoscopy/ (90382)
	 2.	 Suture Techniques/ (43044)
	 3.	 Sutures/ (16421)
	 4.	 2 or 3 (54604)
	 5.	 1 and 4 (2898)

	 6.	 ((Extracorporeal or extra-corporeal or intracorporeal 
or intra-corporeal or laparo*) adj3 (sutur* or knot*)).
tw,kf. (2117)

	 7.	  5 or 6 (4242)
	 8.	 ed.fs. (261740)
	 9.	 Education, medical, graduate/ (26742)
	10.	 “Internship and residency”/ (44310)
	11.	 Exp Teaching/ (80605)
	12.	 Exp Learning/ (362731)
	13.	 (Curricul* or educat* or instruct* or learn* or teach* 

or train* or tuition).tw,kf. (1305770)
	14.	 or/8-13 (1650389)
	15.	 7 and 14 (747)
	16.	 Limit 15 to English (696)
	17.	 Remove duplicates from 16 (653)
	18.	 Limit 17 to yr=”2000 Current” (607)
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