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RESEARCH ARTICLE Open Access

Evidence to support the early introduction
of laparoscopic suturing skills into the
surgical training curriculum
Benjie Tang1*, Lin Zhang2 and Afshin Alijani1,3

Abstract

Background: The objectives of this study were to investigate the relationship between the acquisition of
laparoscopic suturing skills and other operative laparoscopic skills and to provide evidence to determine ideal time
and duration to introduce laparoscopic suturing training.

Methods: The first part of the study explored the relationship between the acquisition of laparoscopic suturing
skills and proficiency of other operative laparoscopic skills. The second part of the study consisted of an opinion
survey from senior and junior trainees on aspects of training in laparoscopic suturing.

Results: One hundred twenty-eight surgical trainees participated in this study. The total scores of task performance
of 57 senior surgical trainees in laparoscopic suturing skills consisting of needle manipulation and intracoporeal
knot tying were improved significantly after the training course (46.9 ± 5.3 vs 29.5 ± 9.4, P < .001), the improvement
rate was 59%. No statistically significant correlations were observed between intracorporeal laparoscopic suturing
skills and proficiency in the basic laparoscopic manipulative skills assessed before (r = 0.193; P = 0.149) and after (r =
0.024; P = 0.857) the training course. 91% of senior trainees and 94% junior trainees expressed that intracorporeal
suturing should be introduced at an early stage of the training curriculum.

Conclusions: There was no statistically significant correlation between the performance on basic operative
laparoscopic skills (non-suturing skills) and laparoscopic suturing skills observed in this study. The acquisition of
basic laparoscopic skills is not a prerequisite for training in intracorporeal suturing and it may be beneficial for the
surgical trainees to learn this skill early in the surgical training curriculum. Surgical trainees want to learn and
practice laparoscopic suturing earlier than later in their training.

Keywords: Laparoscopic skills training, Evidence-based skills training, Laparoscopic suturing, Surgical training
curriculum

Background
Although tissue approximation can be achieved by various
means, laparoscopic suturing remains indispensable for the
execution of surgical operations on the gastrointestinal
tract. However, suturing techniques learned in open

surgery are not automatically transferred into laparoscopic
suturing skills due to the visual constraints and mechanical
difficulties and it requires different techniques, skills, and
practice to master [1–3]. In a recent survey of Fellowship
Council (FC) program directors (PDs), it was demonstrated
that up to 56% of entering fellows who had finished their
residency surgical training were not able to do laparoscopic
suturing [4]. The FC is an association created in 1997 to
coordinate general surgery subspecialty fellowships toward
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the common objective of delivering standardized, quality
training through a strong accreditation process [4]. Laparo-
scopic suturing skill was the area most in need of improve-
ment in a national survey conducted by Nepomnayshy
et al. in USA [5]. In the survey, the trainees found laparo-
scopic suturing skills to be the most deficient skill at the
conclusion of residency training, as well as considering
them to be the most important to master before comple-
tion of fellowship training [5].
Laparoscopic suturing skills are best acquired by train-

ing on both inanimate and animate models in the skills
laboratories before being attempted in operative clinical
practice [6–10]. There is good evidence that suturing
skills acquired by simulator training can be translated to
operative clinical laparoscopic surgery [11, 12]. Both
training and learning of intracorporeal suturing and knot
tying can be assessed objectively and this enables assess-
ment of progress in skill acquisition [12–16]. A survey
conducted amongst urologists confirmed that hands-on
laparoscopy training courses contributed to expansion of
laparoscopic practice. In these studies, experience gained
from these laparoscopic training courses enabled 61%
participants to improve their clinical practice by includ-
ing intracorporeal suturing in laparoscopic urological
operations [17, 18]. In a similar study, Sleiman et al.
demonstrated that a short well-guided training course,
using the European Academy laparoscopic “Suturing
Training and Testing (SUTT) model, significantly im-
proved surgeon’s laparoscopic suturing ability, regardless
of their level of experience in laparoscopic surgery [19].
Because of the visual and mechanical constraints, lap-

aroscopic suturing is regarded as a demanding laparo-
scopic task and is reserved for the more advanced trainees
who have mastered the other less taxing laparoscopic
component skills in some training curriculums and coun-
tries [2, 4, 20]. For instance, the surgical trainees start
learning laparoscopic suturing skills formally at year 3 or
year 4 of their surgical training curriculum when they
need to master this skills for a surgical procedure of lap-
aroscopic fundoplication in general surgery in the United
Kingdom [21]. Laparoscopic suturing skills have been an
integrated session of the Fundamentals of Laparoscopic
Surgery (FLS) curriculum and examination in the USA
[22]. Mattar et al. conducted a national survey to assess

readiness of general surgery graduate trainees entering
accredited surgical subspecialty fellowships in North
America. One of the major findings was that 56% of the
surgical trainees could not do laparoscopic suturing [4].
Kurashima et al. also showed that only 55% of the teach-
ing hospital had a skills lab and assessment tool to assess
the laparoscopic skills including laparoscopic suturing
skills of their trainees in Japan [23]. Thus, there has been
no objective evidence that it is educationally sound on ei-
ther early or delayed introduction of laparoscopic suturing
skills training despite the significant improvement of sur-
geon’s laparoscopic suturing skills obtained by attending
surgical skills training courses [7, 19]. Hence, there is no
available objective data which addresses the issue of the
optimal time for the introduction of laparoscopic intracor-
poreal suturing and knot tying in the surgical curriculum.
In our training centre which is the biggest surgical train-

ing centre in the United Kingdom, laparoscopic suturing
is restricted to intermediate and advanced laparoscopic
skills courses and is usually excluded from the basic ones.
The present study was set up to explore this issue by
studying the relationship between the acquisition of lap-
aroscopic suturing skills and proficiency in the more basic
components of laparoscopic skills to gather objective evi-
dence for early introduction of laparoscopic suturing skills
into surgical training program at an early stage. It was also
designed to obtain the views of both senior and junior sur-
gical trainees on early versus delayed introduction of lap-
aroscopic intracorporeal suturing.

Methods
Overall study design
The study was conducted from April 2016 to September
2017 in the Surgical Skills Centre, Ninewells Hospital and
Medical School, University of Dundee, UK. Ninety-two se-
nior and 36 junior surgical trainees were recruited in the
study (Table 1). Fifty-seven senior surgical trainees were
selected from the 92 by the dates they attended the course
to participate the first part of the study. The senior
trainees were either specialist registrars year 4–6 with clin-
ical laparoscopic surgical experience in the UK or overseas
surgery trainees with equivalent experience. Senior partici-
pants were selected from the UK, Europe, Africa, and
Asia. Considering the differences of training systems,

Table 1 Demographics of participants

Level of experience Senior surgical trainees (n = 92) Junior surgical trainees (n = 36)

Age (average) 30 ± 2 27 ± 3

Sex 87% male 64% male

Year of experience in laparoscopic surgery 3.0 ± 2.2 1.0 ± 1.3

Number of cases performed of laparoscopic cholecystectomy 47 ± 8 5 ± 4

Proficiency in laparoscopic suturing 29% none

Region from 58% from the UK and 42% from overseas 93% from the UK and 7% from overseas
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eligibility of the participants’ level of experience was
assessed by the experts at the training centre based on the
information provided in their CVs and recommendation
letters from the heads of their departments.
The study consisted of two parts. The first part was de-

signed to investigate the relationship between the acquisi-
tion of laparoscopic suturing skills and the proficiency
level with other more basic laparoscopic component skills
and cognitive knowledge. Six common laparoscopic tasks
consisting of port insertion, electrosurgical knife dissec-
tion, clipping, scissors cutting and applying an endoloop
were selected as the basic operative laparoscopic skills
while laparoscopic suturing was considered as a skill at
one level up. These tasks were well defined skills for as-
sessment of laparoscopic skills in previous publications
[24, 25]. These tasks provided more information on the
performance of operative laparoscopic skills than the sim-
ple peg transfer etc.
Scissors dissection, clipping, applying an endoloop and

laparoscopic suturing were tested on synthetic models
(Fig. 1). In the scissors dissection exercise, a double-
layered latex membrane was attached with tension to a
plastic cylinder using an elastic band. The participant
was required to carefully dissect between the black lines
and separate the triangular shape from its attachments.
Any deviation over the lines or damage to the under-
lying layer of latex was considered as an error. For the
clipping skills test, the participants were asked to select
one of the vessels of a synthetic vascular bed and apply
two clips, leaving an appropriate distance between the
clips to allow safe cutting of the vessel. To accomplish
this, the participant must supinate or pronate both
wrists to ensure that both jaws of each clip could be
seen prior to applying the clip transversely. Participants
were also tested on their technique to apply an endoloop

onto a simulated appendix. The skills required were to
use both hands to position the loop to a marked black
line and to tighten it with proper tension. Electrosurgical
hook dissection was carried out on turkey wings (Fig. 2).
This involved keeping the hook in endoscopic view, and
using controlled movement, carrying out dissection in
the right tissue plane, with no deviation from the
marked lines at the edges of the triangle (accuracy of the
dissection) that was drawn on the turkey wing. The lap-
aroscopic suturing task was performed with a 20-cm
length with a 3/8 needle (3/0 Polysorb 22 mm taper 3/8
needle, Code GL-303, Medtronic) on a sponge foam
with marked lines (Fig. 1).

Assessors training and reliability in using objective
structured clinical examination (OSCE) and observational
clinical human reliability analysis (OCHRA) assessment
method
The OSCE approach has been in use for the assessment
of laparoscopic operative and cognitive skills in the
centre since 1990 [26]. This assessment includes: know-
ledge related to the safe practice of laparoscopic surgery
and operative skills. Scores were obtained from each op-
erative task and knowledge station by independent asses-
sor who had adequate training in using this technique.
Human Reliability Assessment (HRA) techniques have
been in use for several decades in high-risk industries to
improve performance and safety. This HRA method-
ology was modified for use in laparoscopic clinical sur-
gery and was the basis for the validated system of
Observational Clinical Human Reliability Assessment
(OCHRA) [27].
The assessors had adequate training in using the

OSCE and OCHRA techniques. Performance of trainees
was assessed during the tests before and after the train-
ing courses. Scores were obtained from each operative

Fig. 1 Synthetic models used for basic operative laparoscopic skills
(non-suturing skills) and laparoscopic suturing skills (the sponge
foam with black marked lines) assessment

Fig. 2 Animal tissue model (turkey wings) marked with triangle for
assessment of skills of use electrosurgical hook for dissection
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task and knowledge station by independent assessors.
Six experienced consultant surgeons assessed trainees’
performance at the stations. The inter-rater consistency
of the OCHRA system assessed was found to be 0.85.
The expert panel provided consultation throughout the
study and checked the accuracy of the analysis.
It was also the aim to investigate if the proficiency of

other basic laparoscopic skills would be a prerequisite for
learning the laparoscopic suturing skills by analysing the
correlation between the task performance on basic laparo-
scopic skills and laparoscopic suturing skills. It involved
assessment of the proficiency (task performance) of the
trainees in six common laparoscopic skills including com-
ponent steps of laparoscopic intracorporeal suturing.
The ethical committee advised that the consent from

the participants was sufficient for ethical approval be-
cause of the nature of the study. There were no patients
or other conflicting materials involved in this study.
The second part of the study consisted of an opinion

survey from 35 senior trainees and 36 junior trainees.
These 35 trainees were selected from the 92 trainees
who were at the same level of skills as the 57 trainees.
The 36 junior trainees were recruited from a basic lap-
aroscopic skills training course. These senior trainees
had almost finished their surgical training and had a bet-
ter understanding of the need for laparoscopic skills
training for the surgical trainees [4, 5]. Five expert lap-
aroscopic surgeons who were well recognized and re-
puted in their field (had experience of more than 200
laparoscopic procedures, taught and trained on a mini-
mum of one laparoscopic course) identified 5 key

questions associated with training of laparoscopic sutur-
ing skills. They were selected based on aspects of train-
ing in laparoscopic suturing: timing, duration and
identifying the most technically demanding skills of
intracorporeal suturing. Subsequently, these 5 key ques-
tions were used to design the questionnaire (Table 2).

Pre course assessment
This was based on performance of 6 tasks by 57 trainees
who attended advanced upper/ lower gastrointestinal
laparoscopic surgery training courses. The 6 tasks in-
cluded the testing of operative laparoscopic skills on
electrosurgical hook knife dissection (Fig. 2), clipping,
scissor cutting, port insertion, applying an endoloop, and
suturing skills (Fig. 1). The nature and purpose of this
assessment was explained to all of the participants and
formal consents to participate were obtained. The pre-
course assessment was conducted in the morning prior
to the start of the course. The standard laparoscopic
video stack equipment and instruments were used for
carrying out all of the tasks in trainer boxes using syn-
thetic and animal tissue models.
Scores of the assessment for the non-suturing laparo-

scopic operative skills were obtained by use of checklist
based on Objective Structured Clinical Examination
(OSCE) and Observational Clinical Human Reliability
Analysis (OCHRA) [25]. OCHRA and OSCE were used
as the more objective means of assessment of laparo-
scopic operative and cognitive skills in present study.
These two assessment methods have been validated pre-
viously already [25–27]. The scores for task performance

Table 2 Results of the opinion survey on training in laparoscopic suturing obtained from the senior and junior surgical trainees who
participated in the study

Opinions Senior trainees
(n = 35)

Junior surgical trainees
(n = 36)

Should laparoscopic suturing skills exercise be included in the basic laparoscopic
skills training course?

Yes 32 (91%) 34 (94%)

No 3 (9%) 2 (6%)

What would be ideal duration of the laparoscopic suturing exercise session? 2–4 h 5 (14%) 2 (5%)

1 half day 3 (9%) 21 (58%)*

2 half days 20 (57%) * 5 (14%)

1 day 7 (20%) 8 (22%)

What was (or you consider may be) the most difficult task of laparoscopic
suturing?

Needle
manipulation

23 (66%)* 8 (22%)

Bite placement 3 (9%) 2 (2%)

Knot tying 9 (26%) 28 (78%)*

Is the laparoscopic suturing relevant to your practice? Agree 33 (94%) 32 (89%)

Not sure 2 (6%) 3 (9%)

Disagree 0 1 (3%)

Is the laparoscopic suturing relevant to your current level of experience/ stage in
training?

Agree 33 (94%)* 24 (67%)*

Not sure 2 (6%) 9 (25%)

Disagree 0 3 (9%)
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of laparoscopic suturing were assessed using the 29-
point checklist method [7]. Both assessment methods
had been previously validated [7, 25–28]. Assessments
were carried out live by the experienced senior lecturers
and consultant surgeons who were experienced in using
the assessment methods.

Details of the course program
The courses comprised didactic session, live surgery
demonstration, anatomy session on a cadaver, expert
discussion session and practical hands-on sessions using
both synthetic and restructured animal tissue models.
The proportion of the time distribution between the di-
dactic and practical sessions was 30 to 70%, emphasizing
the predominant hands-on training nature of the course.
During the course, the participants undertook an exer-
cise on their ability to overcome the visual constraints of
laparoscopic surgery and their efficient equipment and
instrument positioning/ manipulation using ergonomic
principles to execute dissection and clipping tasks.
Laparoscopic suturing training consisted of skills in

ideal ergonomic set up for suturing, handling needle
holder, needle manipulation technique, bite placement,
and knot tying. The training of laparoscopic suturing
skills was at an advanced level, for example, laparoscopic
suturing on structures under tension, i.e., repairing hiatal
defect during laparoscopic fundoplication. Participants
received laparoscopic suturing for two consecutive half
days totalling 8 h. Suturing skills included interrupted
suturing, continuous suturing, and tumbled square knot-
ting for suturing under tension. Thereafter, the trainees
were given the opportunity to apply all of the acquired
skills to various surgical procedures on restructured ani-
mal tissue models. The simulated procedures consisted
of laparoscopic fundoplication, laparoscopic extraction
of ductal stones, bowel anastomoses, repair of perforated
duodenal ulcer, and gastric bypass etc.

Post course assessment
The post-course assessment based on the same six tasks
was performed at the end of the course on the 57 partic-
ipants using the same assessment and scoring systems.

Opinion survey from trainees
The second part of the study consisted of an opinion
survey on aspects of training in laparoscopic suturing:
timing, duration, and the most technically demanding
skills of the intracorporeal suturing. These 35 senior
trainees were selected from the 92 trainees who were at
the same level of skills as the 57 who participated the
first part of the study. One group of 36 junior trainees
were used as a control group. The junior trainees
attended a 2-day basic laparoscopic training course.
They were in the specialist registrar year 1–2 of their

training. The questionnaires were handed in at the end
of each course.

Statistic analysis
Statistical analysis was carried out using the Statistical
Package for Social Science version 23 (SPSS, Chicago,
Illinois, USA). Data analysis showed that the sample
data were not normally distributed. Therefore, the
Mann-Whitney test was used to analyse the difference
in task performance of all the assessed laparoscopic
operative skills before and after the course. Quantita-
tive score data is expressed as mean ± stand deviation
(s.d.). The correlations between the performance on
the laparoscopic suturing tasks (needle manipulation,
bite placement, and intracorporeal knot tying) with
other laparoscopic operative skills were analysed by
the Pearson’s correlation and linear regression analysis
with statistical significance at 0.01.

Results
Demographics of participants
Ninety-two senior and 36 junior surgical trainees
were recruited in this study (Table 1). Fifty-seven se-
nior trainees participated the first part of the study
while 35 senior trainees and 36 junior trainees took
part in the second part of the study. The senior
trainees were all at a similar level in laparoscopic
surgery including laparoscopic suturing skills. They
were in years 4–6 of surgical training in the UK and
the overseas delegates who had equivalent experience,
who were aged between 28 and 32 years. They had
3–4 years experience in laparoscopic surgery, had per-
formed laparoscopic cholecystectomy and laparo-
scopic appendicectomy independently with numbers
varying between 30 to100 cases, averaged around 50
cases. Fifty-eight percent of the participants were
from the UK while 42% were from overseas. More
than 70% of them were not proficient in laparoscopic
suturing. The junior trainees were in year 1–3 of sur-
gical training and were aged between 26 and 30 years.
They attended a 2-day basic laparoscopic skills train-
ing course.

Correlation between the basic operative laparoscopic
skills and laparoscopic suturing performance
The 57 senior trainees were randomly selected by the
dates they attended the courses to perform the assess-
ment of basic laparoscopic and suturing tasks before
and after completing the advanced training course. In
this group, no correlations were observed between the
task performance relating to laparoscopic suturing
skills and other more basic laparoscopic operative skills
(basic operative skills on electrosurgical hook knife
dissection, clipping, scissor cutting, port insertion,
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applying endoloop) before (r = 0.193; P = 0.149) (Fig. 3a)
and after (r = 0.133; P = 0.323) the course (Fig. 3b). The
correlation between the post-course other more basic
laparoscopic operative skills (basic operative skills on
electrosurgical hook knife dissection, clipping, scissor
cutting, port insertion, applying endoloop) and post-

course laparoscopic suturing skills was also not signifi-
cant (r = 0.024; P = 0.857) (Fig. 4). There was also no
correlation between intracorporeal knot tying skills and
skills in needle manipulation (r = 0.168; P = 0.211) and
bite placement during (r = 0.298; P = 0 .024) in the
post-course assessment.

Fig. 3 a The pre course basic laparoscopic operative skills of participants did not correlate with pre course performance in laparoscopic
suturing(r = 0.193; P = 0.149). b The score for the pre course assessment on task performance of other laparoscopic operative skills did not
correlate with the task performance of laparoscopic suturing skills assessed post-course(r = 0.133; P = 0.323)
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Comparison between the pre and post course task
performance (Fig. 5)
The total scores of task performance in laparoscopic su-
turing skills improved significantly after the training
course (46.9 ± 5.3 vs 29.5 ± 9.4, P < .001), the improve-
ment rate was 59%. The total scores of the other opera-
tive laparoscopic skills including port insertion, tissue
dissection, using of diathermy hook, clipping, and appli-
cation of endoloop (127.5 ± 10.1 vs 95.5 ± 16.8, P < 0.001)
and cognitive knowledge (66.5 ± 16.2 vs 58.8 ± 10.3, P <
0.001) also improved significantly in trainees with previ-
ous laparoscopic experience, they were improved at a
rate of 34 and 14% respectively (Fig. 5).

Opinions survey on the acquisition of laparoscopic
suturing skills
Details of the questionnaires given to the senior (n = 35)
and junior (n = 36) trainees were shown in Table 2. All
returned the completed questionnaires (100% compli-
ance). The majority of both groups, 91% of senior
trainees and 94% of junior trainees, expressed the view
that laparoscopic suturing should be learned at an early
stage of their surgical training and should form part of
the basic laparoscopic training course. Opinion on the
ideal duration of laparoscopic suturing practical sessions
differed between the senior trainees who had actually
practiced laparoscopic suturing and the junior trainees
who had not: 27 (77%) senior trainees opted for two half
days (74%) or one full day (26%), whereas 21 (58%) jun-
ior trainees considered one half day as being sufficient.

There was a difference between these two groups in
their views on the level of difficulty/ complexity of the
steps of the intracorporeal suturing task (Table 2).
Twenty-three (66%) senior trainees who had practiced the
laparoscopic suturing indicated that laparoscopic needle
manipulation was the most difficult skill to master, and 9
(26%) considered intracorporeal knot tying was difficult
after having attended the training course. In contrast, 28
(78%) junior trainees who had not practiced the laparo-
scopic suturing predicted that the intra-corporeal knot
tying would be the most difficult component of the lap-
aroscopic suturing task.

Discussion
This is the first study in the surgical literature to investi-
gate the relationship between basic operative laparo-
scopic skills and laparoscopic suturing skills. The study
has demonstrated that there was no statistically signifi-
cant correlation between the performance on basic op-
erative laparoscopic skills (non-suturing skills) and
laparoscopic suturing skills, both before and after at-
tending the laparoscopic training courses. The acquisi-
tion of basic operative laparoscopic skills may not be a
prerequisite for the acquisition of laparoscopic suturing
skills. It has provided scientific basis to explain why
training junior operative residents in laparoscopic sutur-
ing skills is feasible on a short well-guided training
course [7, 19].
Along with the objective evidence, this study has also

provided subjective opinions from senior surgical trainees.

Fig. 4 Absence of correlation between the task performances for other basic laparoscopic operative skills and laparoscopic suturing skills during
post-course assessment(r = 0.024; P = 0.857)
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Surgical trainees indicated their preference for earlier ex-
posure to laparoscopic suturing in their training. The as-
sumption that mastery of basic laparoscopic operative
skills is necessary for trainees to benefit from training in
laparoscopic suturing is disproved by the findings of the
present study.
Skills acquisition from basic to complex skills in laparo-

scopic and robotic surgery is a profound area to study.
The basic operative laparoscopic skills did not correlate
significantly to advanced skills such as the laparoscopic
suturing skills in our data. This may be similar in acquisi-
tion of other complex laparoscopic skills such as operative
skills in robotic-assisted surgery. Kowalewski et al. have
demonstrated that robotic-assisted surgery required skills
distinct from conventional laparoscopy or open surgery
[29]. The laparoscopic suturing skills that are involved in
several tasks which include handling the needle holders,
loading a need onto needle holder, holding a needle at the
correct angle and direction, making a bite into the tissue,
and finally safely tying a knot. Therefore, laparoscopic su-
turing skill may be distinct enough that the surgical
trainees would benefit from direct experiential training.
Interestingly, we also found that previous experience

in laparoscopic suturing did not correlate with the
level of laparoscopic suturing performance in the
post-course assessment. All of the operative laparo-
scopic skills including suturing skills were improved
significantly by the intensive hands-on training, which

was in line with the findings published in the litera-
ture [6, 7, 9–11, 13, 19].
To date, skills courses have been designed and devel-

oped mainly on the opinions of a panel of expert educa-
tors/ tutors without any input from the surgical trainees
in some of the surgical training centres. This is perhaps
the main reason why laparoscopic suturing is excluded
from the basic laparoscopic skills courses [7, 20]. There
are, however, other contributing factors which include:
(i) few active and well established surgical training cen-
tres which run these courses with the necessary in-
house expert tutors in laparoscopic suturing, (ii) the im-
plicit belief that laparoscopic suturing may be too diffi-
cult for junior trainees and thus counterproductive to
their progress if introduced too early in the curriculum,
(iii) beside the complexity and difficulty to acquire profi-
ciency in laparoscopic suturing, the other main concern
or argument against its earlier introduction in their sur-
gical training is that they will not have the opportunity
to apply the skills in their clinical practice, and for this
reason, they would deskill very quickly. In the absence of
such data, we need to take on board the opinion
expressed by the surgical trainees documented by the
present study.
In practice, trainees have insufficient access to tutored

laparoscopic suturing training sessions on physical
models. This is important as the current generations of
VR surgical simulators while able to impart the basic

Fig. 5 Comparison of task performance in basic operative laparoscopic skills (127.5 ± 10.1 vs 95.5 ± 16.8, P < 0.001) and laparoscopic suturing skills
(46.9 ± 5.3 vs 29.5 ± 9.4, P < .001) before and after the training course. All were improved by the training provided during the course
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component clinical skills, are a long way off providing
effective simulation for laparoscopic suturing [8]. The
reported study also confirms that laparoscopic suturing
skills broaden the clinical applicability of laparoscopy
and increases the laparoscopic caseload in both general
surgery and urology [16, 17]. For this reason, laparo-
scopic suturing should be introduced earlier in the surgi-
cal curriculum and should certainly be included in basic
laparoscopic training courses to prepare them for the
opportunity to come [4, 5].
This study also demonstrated that there are different

opinions on the ideal duration of laparoscopic suturing ex-
ercise sessions between the senior (with experience of lap-
aroscopic suturing) and junior trainees with no previous
exposure and who can only guess as to the optimal dur-
ation. We consider that one half day to practice suturing
skills is not sufficient and recommend two consecutive half
days for optimal skill acquisition. This provides adequate
exposure for the trainees to practice their laparoscopic su-
turing to reach proficiency which they can then translate
to their practice in the operating room [12, 24, 28].
The survey showed a significant difference in the iden-

tification of the difficult steps of laparoscopic suturing.
The majority (66%) of the senior trainees indicated that
laparoscopic needle manipulation was the most difficult
component step, whereas the majority (78%) of junior
trainees predicted that the intra-corporeal knot tying
would be the most difficult component of the suturing
task. The view expressed by junior trainees should not
be overlooked as it indicates the need for a precise clear
description of the sequential component steps of the
intracorporeal knot tying to junior trainees. The senior
trainees had obviously advanced beyond this perceived
difficulty with knot tying and thus did not identify it as a
particularly difficult problem.
Despite the evidence to support the feasibility and effi-

ciency of early introduction of laparoscopic suturing skills
into the surgical training curriculum, studies have shown
that there was a modest decrement in performance of lap-
aroscopic suturing skills after 6months of training [30–
32]. Therefore, it is fundamentally important to under-
stand that the surgical trainees may become deskilled if
their laparoscopic suturing skills are not used in the oper-
ating room or maintained with repeated practice in a sim-
ulated setting [30]. Mashaud et al. and Scerbo et al.
demonstrated that an ongoing structured training
programme helped to maintain proficiency of laparoscopic
suturing skills [31, 32]. Therefore, a retention interval and
refresher session should be provided for the junior
trainees who do not have adequate exposure in the oper-
ating room to reinforce and maintain laparoscopic sutur-
ing skills [9, 15, 30, 32]. The portable laparoscopic
simulator and virtual reality simulator have been proven
to be valid and effective for this purpose [12, 15, 24].

Limitations
This study was not conducted in a randomized con-
trolled trial. However, we were aware that this was
not achievable during the time when this study was
conducted, as we did not have control of choosing
the candidates though we assessed their eligibility to
attend the course. The study was also not designed to
compare the outcome of an early versus late intro-
duction of laparoscopic suturing skills in the surgical
training curriculum, thus, there was no data to dem-
onstrate whether laparoscopic suturing skill benefits
from prior training in basic operative laparoscopic
skills (non-suturing skills) or not. There was no as-
sessment on the actual performance of the senior
trainees in the operating room after the course be-
cause the study was not designed to assess the trans-
ferability of laparoscopic suturing skills from a skills
lab into operating room, as many studies have dem-
onstrated this already [10–14, 17, 18, 25].
Senior surgical trainees considered that needle ma-

nipulation was the most difficult component for lap-
aroscopic suturing skills whereas the junior group
thought the knot tying was the difficult task. We did
not conduct a study to investigate this different opin-
ion further. This may be of importance for laparo-
scopic suturing skills training when teaching surgical
trainees at different levels of experience and allocating
time on each task during the exercise. This will be an
area for future study. We were also fully aware that
this study was mainly based on our own institutional
data to provide evidence to support the early intro-
duction of laparoscopic suturing skills into surgical
training curriculum. Thus, adaption of this practice
should be tailored to meet the requirement of the
systems that would be beneficial for the surgical
trainees to improve their surgical performance.

Conclusions
There was no statistically significant correlation between
the performance on basic operative laparoscopic skills
(non-suturing skills) and laparoscopic suturing skills ob-
served in this study. The acquisition of basic laparo-
scopic skills is not a prerequisite for training in
intracorporeal suturing and it may be beneficial for the
surgical trainees to learn this skill early in the surgical
training curriculum. Surgery trainees want to learn and
practice laparoscopic suturing earlier rather than later in
their training.
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