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Abstract

Background: Surgeon suturing technology plays a pivotal role in patient recovery after laparoscopic surgery.
Intracorporal suturing and knot tying in minimally invasive surgery are particularly challenging and represent a key
skill for advanced procedures. In this study, we compared the application of multidirectional stitching technology
with application of the traditional method in a laparoscopic suturing instructional program.

Methods: We selected forty residents within two years of graduation to assess the specialized teaching of
laparoscopic suturing with laparoscopic simulators. The forty students were randomly divided into two groups, a
control group and an experimental group, with twenty students in each group. The control group was scheduled
to learn the traditional suture method, and the experimental group applied multidirectional stitching technology.
The grades for suturing time, thread length, accuracy of needle entry, stability of the knot, tissue integrity, and
tightness of the tissue before and after the training program were calculated.

Results: There was no significant difference between the two groups before the learning intervention. After the
program, both groups significantly improved in each subject. There were significant differences between the
control group and the experimental group in suture time (P = 0.001), accuracy of needle entry and exit (P = 0.035),
and whether the suture tissue had cracks (P = 0.030). However, the two groups showed non-significant differences
in thread length (P = 0.093), stablity of the knot (P = 0.241), or tightness of the tissue (P = 0.367).

Conclusions: Multidirectional stitching technology improves the efficiency and effectiveness of traditional
laparoscopic suture instructional programs. It might be a practicable, novel training method for acquiring
proficiency in manual laparoscopic skills in a training setting.
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Text
Application of multidirectional stitching technology in a
laparoscopic suturing instructional program: a random-
ized controlled trial.

Background
As the concept of minimal invasiveness has persisted,
and the instrumentation for minimally invasive surgery
has been developed and adopted widely, laparoscopy has
been performed in clinical work pervasively and gained
increasing popularity among surgeons [1]. Intracorporal
suturing and knot tying in minimally invasive surgery is
particularly challenging and represents a key skill for ad-
vanced procedures [2]. It determines the speed of the
operation and the amount of bleeding during the

operation, and directly affects the healing of surgical
wounds [3]. Therefore, how to improve laparoscopic su-
turing technique is of great significance to enhance the
efficiency and to speed up the recovery of laparoscopic
minimally invasive surgery.
Different instructional programs with varying proper-

ties and modalities have been developed [4–7]. Ad-
vanced simulation-based instructional programs and
practice outside the operating room are vital in boosting
the efficiency of laparoscopic suturing and shortening
the learning curve for junior surgeons [8]. After numer-
ous modifications, we propose a new suturing simulation
technology that applies the method of multidirectional
needle delivery to promote the application of
laparoscopy.

Fig. 1 The flow chart of study protocal
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The aim of this study is to compare multidirectional
stitching technology in laparoscopic suturing instruc-
tional programs and traditional laparoscopic suturing in-
structional programs. Furthermore, we objectively assess
multidirectional stitching technology in laparoscopic su-
turing instructional programs.

Methods
The study was designed according to the CONSORT
statement (Fig. 1). This was a randomized control trial
into which junior residents in The Second Affiliated
Hospital of Wenzhou Medical University were enrolled.
The inclusion criteria were as follows: novice to laparos-
copy, no simulator sickness, and committed to complet-
ing the training. Students who had already taken part in
other instructional programs at the same time or had no
interest in laparoscopy were excluded. Informed consent
was obtained from all individual participants.

Recruitment
All candidates were junior residents informed by flyers,
social networks and personal contact. After exclusion,
forty volunteers were blindly randomized into a control
group and an experimental group by computer-
generated simple randomization, with twenty volunteers

in each group. One statistical staff in our hospital per-
formed the randomization and allocation process, and
ensured allocation concealment. The residents were
asked to complete a pre-study questionnaire about their
demographic information, such as age, sex and video
gaming experience.

Materials and equipment
The same laparoscopic trainer box (KARL STORZS En-
doscopy Ltd. Germany) was used in the two groups; the
trainer box included a camera with video display and
nine skin-like access ports for the introduction of lap-
aroscopic instruments. Two lockable laparoscopic needle
holders were prepared to complete the suture. A No. 1,
26 mm, 1/2 c round bodied needle with a 30 cm long
needle thread (ETHICON.LLC Company) was provided
for practice. For the control group, the students were
trained with traditional laparoscopic suture instruction
on a 3D silicone model pad, as shown in Fig. 2. For the
experimental group, we designed a special circular su-
ture training module on a slightly hard sponge material,
as shown in Fig. 3. There were four incisions in different
directions. We designed the trainer, in which the point
where the needle stitched in and out was a small dot
with a diameter of 0.5 cm on both sides of the incision.
And there was a vertical distance of 0.75 cm from the
centre of the dot to the incision. An additional movie file
shows the suture in more detail (see Additional File 1).

Training sessions
The instructional program consisted of a total of four
courses, two courses each week. Every course lasted for
forty minutes. Two groups were taught by the same ex-
perienced instructor at different time in the same
laparoscopic-teaching classroom. The first course was
planned as an introduction about laparoscopic surgery,
suturing technology, and a video demonstration accord-
ing to different groups. The following three courses were
for hands-on practice under instructor’s guidance.
Traditional laparoscopic suturing refers to the use of

laparoscopic lenses, needle holders, bending pliers and
other operating instruments to complete the suture and
knotting procedures. Generally, the procedure involves a
needle holder holding the needle at an angle of 90 de-
grees using rotation of the wrist and suturing the tissues
together with the needle and thread. The suture angle is
fixed only at 90 degrees with the needle, and the needle
cannot change this at will, which is similar to the
method of holding the needle in open surgery.
Laparoscopic multidirectional needle delivery refers to

the variety of needle holding directions during the nee-
dle holding stage in laparoscopy. It includes a positive
needle direction, reverse needle direction, oblique needle
direction (left, right), swivel needle direction, and so on.

Fig. 2 The format of traditional stitch module
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More directional and angular adjustments are applied
for holding the needle than are required for open ab-
dominal surgery. For example, for the righthand, the so-
called positive needle director indicates holding the nee-
dle and putting the needle tip to the left 90 degrees. The
reverse needle director indicates holding the needle tip
90 degrees to the right. The angle of the oblique needle
is not 90 degrees, less than 90 degrees or more than 90
degrees and is divided into left and right directions. The
swivel needle director indicates that the needle holder is
incompletely clamping the needle. We call this “loosely
clipping” the needle. According to the direction and dis-
tance of the suturing target, the direction of the needle
is constantly changed during the stitching process, which
means the needle is “wandering” in the tissue according
to the operators’ will. The location of the needle punc-
ture out from the tissue is not consistent with the direc-
tion of the needle puncture into the tissue.

Outcome parameters
All candidates were tested with a suture pad with eight
marked needle entrance and exit targets before and after
training (Fig. 4). The video display on the trainer box re-
corded their performance. To ensure fairness, two expe-
rienced laparoscopic surgeon rated scores by watching
the performance video. The following scoring criteria
were used: (1) The needle stick should be in and out of

the centre of the dot. The operator received 2 points if it
was in the centre of the dot, 1 point if it deviated from
the centre, and 0 points if it was outside the dot. (2) The
knot was required to be a surgical triple knot and should
not have been a smooth knot or a loose knot. A normal
knot received 2 points. A smooth knot received 1 point,
and 0 points were awarded for a loose knot. (3) The su-
ture tissue should not be damaged or ruptured. The
trainee received a score of two for integrity, 1 for a few
cracks, and 0 for a complete fracture of the tissue. (4)
The tightness of the suture tissue indicated that the two
sides of the sutured tissue were closely connected. The
operator received 2 points if there was no gap between
the two sides of the incision, 1 point for a few gaps, and
0 points for a totally loose suture. The total suture time
and the length of the suture thread (30 cm minus the
remaining suture thread was the final result) was also
calculated. This scoring standard is based on the scoring
standard of the GESEA [9] (Gynaecological Endoscopic
Surgical Education and Assessment) training and evalu-
ation system for gynaecological endoscopic surgery and
was slightly modified according to the model we de-
signed (Table 1).

Statistical analysis
Six parameters were collected for analysis (suture time,
thread length, accuracy of needle entry, stability of the

Fig. 3 The format of multidirection stitch module
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knot, tissue integrity and tightness of the tissue), and the
suture time was used for sample size calculation. Accor-
ing to a similar research [10], a calculation with the
width of the 95% confidence interval and an alpha level
of 0.05 was performed, indicating that a minimum of 18
participants were required in each group to show a sig-
nificant difference. The data are presented as the mean ±
SD. The statistical analysis was performed with SPSS
18.0 statistical software. An independent t-test was used
to analyse the differences between training groups, and
the results was based on a two-sided test. P < 0.05 was

considered to represent a statistically significant
difference.

Results
The forty residents were randomly divided into two
groups, the control group and the experimental group,
with twenty residents in each group. The control group
included six males and fourteen females, while the ex-
perimental group included eight males and twelve fe-
males. The average age of the experimental group was
27.5 ± 0.89 years old, and the average age of the control
group was 26.3 ± 0.95 years old. Whether they had video
gaming experience was determined and recorded. Only
one and two students in the control group and the ex-
perimental group, respectively, answered yes to this
question (Table 2).
We also compared the basic surgical skills of the two

groups. They both obtained low scores for the accuracy
of needle entry, stability of the knot, tissue integrity, and
tightness of the tissue. The suture also took quite a long
time and a long thread for both groups. There was no
statistically significant difference between the two groups
before the training (P > 0.05) (Table 3).
After the instructional programs, both groups im-

proved for each item markedly. There were significant
differences between the experimental group (7.9 ± 1.04
min) and the control group (11.6 ± 1.19 min) in terms of
suture time (P = 0.001). As for accuracy of needle entry
and exit, the experimental group acquired average score
of 2.50 ± 0.51 and the control group got 1.85 ± 0.37 (P =
0.035). The experimental group got 2.43 ± 0.50 points
and the control group got 1.41 ± 0.50 for tissue integrity
(P = 0.030). However, groups’ performance on the knot-
ting firmness (P = 0.241), the tightness of the suture tis-
sue (P = 0.367), and the total thread length (P = 0.093)
showed no significant difference (Table 4).

Discussion
Laparoscopic suturing is more arduous than open sur-
gery suturing [11], and the suturing procedure for lapar-
oscopy is challenging because laparoscopic surgery
requires handling of specially designed tools and re-
quires a small vision view to reduce the size of the
wound, which is not the same as the conventional open
method [12, 13]. It is not easy to control the needle and
the distance and direction of the needle going in and out
of the tissue. The surgeon’s hand movement is affected
by the “pivot effect” under laparoscopy, which also in-
creases the difficulty of laparoscopic operations [14]. In
addition, finding the wound that needs stitching is done
with the assistance of moving lens, which requires time
and coordination; therefore, it is difficult to locate the
wound and use the needle to suture a series of stitches
quickly [15].

Table 1 GESEA-based Scoring Table

Suture time (min)

Length of the thread (cm)

Scoring 2 1 0

Accuracy of
needle entry

In the centre of the dot Deviated
from the
centre

Outside the dot

Stability of
the knot

Surgical triple knot Smooth knot Loose knot

Tissue
integrity

Integrity A few cracks A complete
fracture of the
tissue

Tightness of
the tissue

No gap between the
two sides of the
incision

A few gaps Totally loose
suture

Fig. 4 The format of pre-post test module
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Laparoscopic suturing is regarded as the key skill in
minimally invasive surgery. Growing attention has been
paid to the laparoscopic skills of junior doctors. Differ-
ent training programs with varying properties and mo-
dalities have been developed for laparoscopic suturing.
Bansal et al. [16] oncluded that laparoscopic skill train-
ing under the microscope could improve suturing skill
and help reduce the learning curve. Kockerling et al.
[17] retrospectively analysed the concept of a
simulation-based training -- participant evaluation
course. “The curriculum for laparoscopy surgery” had
three courses, each with a specific theme: a lecture about
laparoscopic surgery, laparoscopic surgery technology
training, and a biosimulator exercise. Several other stud-
ies have shown that students’ performance improves
after training with laparoscopic simulators [18–21].
However, the optimal methods for teaching and training
laparoscopic suturing techniques have not been defined.
In this study, on the basis of various scholars’ methods

for improving laparoscopic suture teaching, we proposed
the idea of multidirectional stitching technology in a lap-
aroscopic suturing instructional program with a special
circular suture training module. Different from trad-
itional one-direction needle holding, varying needle-
holding directions for the needle holder were used in the
direction of needle pulling, and the needle-pulling direc-
tion was freely rotated in the suturing process to achieve
free control of the needle pulling target, which improved
the accuracy and freedom of suturing [22, 23].
How to assess students’ performance and scoring was

one of the most prominent problems when we carried
out the project. We chose the scoring system of the
modified GESEA scoring method instead of the OSATS
tool. The Objective Structured Assessment of Technical
Skills (OSATS) tool is a classic tool to evaluate

laparoscopic suture technology [24]. The main reason is
that the OSATS tool focuses more on the evaluation of
the traditional sewing method and the assessment of the
needle holding position and direction. Our evaluation
system is mainly designed for multidirectional stitching
technology. It is different from previous systems in that
it addresses the control of suture direction, the protec-
tion of suture tissue, and the evaluation of suture time
(suture proficiency).
After the training course in this study, all the students

in the course significantly improved their test scores
compared with their pretraining scores. The data
showed that there were significant differences between
the groups in terms of the suturing time, the control of
the suturing target, and the destruction of tissue. The
suture time was significantly shortened, the needle deliv-
ery target was accurate, and the possibility of damaging
suture tissue was reduced. Therefore, it indicated that
undergoing laparoscopic simulation training could bene-
fit junior surgeons before they involve into the clinical
work.
We suppose that the multidirectional stitching method

also has the potential to be applied in real clinical work,
not only in laparoscopic teaching. It can reduce the
chance of incorrect ligation and suturing and protect the
integrity of tissue and organs. For example, it can de-
crease the possibility of tugging and tearing of blood ves-
sels in difficult sutures, such as vascular sutures, and
reduce the occurrence of intraoperative blood loss, post-
operative thrombosis, and other complications.
Last, some limitations of our study should be men-

tioned. First, due to the fact that the number of partici-
pants enrolled in this study was small, we hope that the
multidirectional stitching technology can be practiced
and applied in more laparoscopic suturing teaching

Table 2 Characteristics of the participants

Average age (years old) Sex (males/females) Video gaming experience (the number of answer yes)

Experimental group 27.5 ± 0.89 8 / 12 2

Control group 26.3 ± 0.95 6 / 14 1

Table 3 The data between the two groups before teaching

Time
(min)

Thread length
(cm)

Overall
score

Accuracy of needle
entry

Stability of the
knot

Tissue
integrity

Tightness of the
tissue

Experimental
group

15.6 ±
1.70

23.1 ± 1.07 4.0 ± 0.73 0.75 ± 0.44 1.15 ± 0.37 0.90 ± 0.31 1.20 ± 0.41

Control group 14.7 ±
1.22

23.0 ± 1.10 3.7 ± 0.57 0.60 ± 0.50 1.10 ± 0.31 1.23 ± 0.32 1.78 ± 0.34

t 1.82 0.44 1.45 1.00 0.47 1.00 1.71

P 0.077 0.665 0.154 0.324 0.643 0.324 0.095

Data are mean ± SD
Overall score: The total score of the following 4 items
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program. Second, we only compared this method with
traditional teaching method. However, there are still
other emerging researchs aimed to improve teaching ef-
ficiency and effects. We can further this study into com-
parison of different suturing approaches so as to find the
most appropriate teaching mode.

Conclusions
In summary, after we applied multidirectional stitching
technology in the teaching of laparoscopic suturing, the
participants showed an improvement in technical surgi-
cal skills. Therefore, multidirectional stitching technol-
ogy might be a practicable, novel training method to
acquire proficiency in manual laparoscopic skills in a
training setting. This will enable trainees to pay more at-
tention to the control of suture direction, the use of su-
ture needles and the protection of the sutured tissue in
the training course. We hope that multidirectional
stitching technology can be used by more junior sur-
geons to achieve significant results.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12909-020-02146-w.

Additional file 1. The process of multidirection stitching (This additional
file shows how the multidirection stitching technology is performed in a
video).
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