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Abstract
Objective  This study aims to explore an efficient teaching method to improve laparoscopic suturing skills in resident 
physicians by combining the progressive training method with the imagery training method.

Methods  This study used a randomized controlled trial methodology. The experimental group received training 
utilizing a combination of the progressive training method and the imagery training method In contrast, the control 
group followed the traditional teaching method of practicing continuous complete actions. Both groups were trained 
in intracorporeal suturing and knot-tying under laparoscopy. The training effects of the two groups were compared 
and analyzed before and after the training, including LS-CAT scores and suturing time.

Results  In the second test, the experimental group had much higher LS-CAT scores than the control group, as well 
as a considerably lower number of operation errors. In the experimental group, 88.9% of the trainees were proficient, 
compared to only 28.6% in the control group. There was no significant difference in suturing time between the 
two groups. The results of the third test indicated that, although there were no significant differences in LS-CAT 
total scores or suturing time between the two groups, the experimental group demonstrated a significantly lower 
number of operational errors compared to the control group. Additionally, the LS-CAT scores for tissue handling in the 
experimental group were significantly better than those in the control group.

Conclusion  The combination of the progressive training method and the imagery training method significantly 
improved resident physicians’ laparoscopic suturing skills. This method greatly enhanced the efficiency and quality of 
learning laparoscopic suturing and knot-tying skills among surgical and gynecological resident doctors.

Keywords  Laparoscopic suturing skills, Intracorporeal suturing and knot-tying, Progressive training method, Imagery 
training method, Resident physicians, Laparoscopic simulation training
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Introduction
A well-known and considerable positive correlation exists 
between laparoscopic simulation training and intraopera-
tive performance [1]. Laparoscopic suturing skills are one 
of the core competencies required of surgeons and rep-
resent a challenging element of laparoscopic simulation 
training. Traditional teaching methods for laparoscopic 
suturing skills usually involve instructing and practic-
ing continuous, complete actions. This approach results 
in high learning difficulty, causing trainees to experience 
learning stagnation at critical points, leading to low train-
ing efficiency and limited learning outcomes. Beginners 
often confront a steep learning curve to overcome the 
bottleneck in laparoscopic suturing skills.

Additionally, the extended learning curve for lapa-
roscopic surgeons can prolong patient surgery times, 
increase the risk of surgical complications [2], and place 
a greater strain on public finances [3]. The progressive 
training method-based approach to teaching laparo-
scopic suturing skills involves breaking surgical skills 
down into smaller steps, allowing learners to master each 
skill step by step gradually. This method enables learners 
to continually drill individual challenging points, boost-
ing overall proficiency and accuracy.

In China, Jin Yang and colleagues applied the progres-
sive training method to simulated training for laparo-
scopic pancreatojejunostomy and achieved significant 
results [4]. In Japan, Mizota T and Kurashima Y suc-
cessfully applied this method in basic laparoscopic skills 
training [5].

The imagery training method involves mental training 
in which students repeatedly simulate the skill opera-
tion process in their minds, thereby deepening their 
memory and understanding of the skills. This method 
also encourages learners to quickly reflect on and adjust 
their operations, continuously improving their skill level. 
The imagery training method has been widely employed 
in sports training, such as golf putting training, where 
two action states are simulated to achieve cognitive 
adaptation and skill progress [6]; Mental practice has 
been shown to improve performance in dart throwing 
[7]. Furthermore, the imagery training method has been 
widely applied in the rehabilitation of neurological dis-
orders such as stroke [8–11]. Could these experiences 
be extended to surgery? Currently, studies specifically 
evaluating the effectiveness of imagery training in surgi-
cal training are relatively scarce [12], warranting further 
research and validation.

This study aims to explore a more efficient teaching 
method by combining progressive training with imagery 
training to enhance laparoscopic suturing skills in resi-
dent physicians.

Materials and methods
Ethical considerations
This randomized controlled trial was approved by Wen-
zhou Central Hospital’s Medical Ethics Committee
(no.202402270046000397799).

All participants were given detailed explanations about 
the study and submitted written informed consent.

Equipment and materials
The study utilized laparoscopic simulation training 
box with internal high-definition camera ( GD/W-200 
laparoscopic surgery simulation training systems from 
Shanghai Honglian Medical Technology Group ). Suture 
modules with silicone simulation skin and suture lines 
with needles (“3 − 0”, 15 cm) were used.

Study design
This study adopted a randomized controlled design. The 
study subjects were 16 resident doctors from the 2202 
cohort of the standardized training program for surgi-
cal and obstetrics-gynecology bases at Wenzhou Central 
Hospital, along with one newly employed surgical resi-
dent. Before the implementation of the study, all enrolled 
trainees had not received any simulation training in 
laparoscopic suturing skills. The researchers randomly 
assigned the participants to two groups: the experimental 
group, comprising 9 participants who used the progres-
sive training method combined with the imagery training 
method, and the control group, comprising 8 partici-
pants who used the comprehensive training method. One 
trainee in the control group adjusted their training plan 
due to conflicts between work and study schedules, and 
the final analysis did not include their data.

Experimental protocol
The study’s training skill was the intracorporeal sutur-
ing and knot-tying skill based on the Fundamentals of 
Laparoscopic Surgery (FLS) [13]. During the study, the 
researchers held training sessions once a week for over 3 
weeks, each lasting 100 min, totaling 300 min. Research-
ers tested the trainees’ intracorporeal suturing and knot-
tying skills before, during (at 150 min into the training), 
and after (300  min after) the training. Each test was 
recorded using the simulation box’s built-in video record-
ing function, with a designated person in charge of col-
lecting the videos.

4.1  The experimental group utilized a training method 
combining the progressive and imagery training methods.

4.1.1  In the progressive training method, students will 
practice each decomposed action step by step during the 
instructor-led teaching and subsequent training sessions, 
focusing on individual challenges. The complete suturing 
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process is broken down into six steps: needle position-
ing, needle handling, needle entry and exit, knot tying 1 
(looping the thread), knot tying 2 (tightening the knot), 
and cutting the thread. Trainees will practice each step 
progressively until they are proficient. After practicing all 
decomposed actions (during the first and second weeks), 
the trainees will enter a phase of continuous laparoscopic 
suturing technique training (the third week).

4.1.2  The training schedule for the imagery training 
method is as follows: Before practicing each decomposed 
action and before the continuous laparoscopic suturing 
technique training, trainees will undergo 2 min of relax-
ation and imagery training. In the 100-minute sessions 
during the first and second weeks, trainees will perform 
2  min of imagery training before each of the six steps, 
totaling 12 min of imagery training per session. The third 
week focuses on continuous laparoscopic suturing tech-
nique training, with 2 min of imagery training before each 
session, where trainees typically complete 8.7 continuous 
suturing sessions, averaging 17.4 min of imagery training. 
The content of the imagery training includes total body 
relaxation, light eye closure, and visualization of correctly 
performing each step of laparoscopic suturing inside 
the body, guided by the instructor’s cues. Therefore, our 
imagery training protocol lasts 12 to 17.4 min per session, 
conducted three times in total. Besides formal course 
training, we neither specifically encourage nor restrict 
trainees from practicing imagery training at other times.

4.2  The control group used traditional teaching methods, 
practicing continuous and complete intracorporeal sutur-
ing and knot-tying techniques during the instructor’s lec-
tures and subsequent training sessions.

Outcome assessment
Two experts evaluated and rated the videos using the 
Laparoscopic Suturing Competency Assessment Tool 
(LS-CAT) [14]. Throughout the grading process, the 
experts were kept unware of the participants’ identities. 
The LS-CAT grading system featured four task areas: 
needle handling and adjustment, needle insertion and 
withdrawal through tissue margins, correctly tying the 
first surgical knot, and knot-tying. For each task area, 
the LS-CAT evaluates performance based on instrument 
handling, tissue manipulation, and the number of opera-
tional errors, using a scoring scale from 1 to 4. A perfect 
score of 8 indicates flawless performance. Additionally, 
there are 16 error scoring items. Lower LS-CAT scores 
indicate higher proficiency and competency of the par-
ticipants. Fewer operational errors also suggest higher 
proficiency and competency, as well as better suturing 
quality.

Additionally, we also recorded how long it took to com-
plete the intracorporeal suturing and knot-tying. Further-
more, we used the Likert scale to collect data on trainees’ 
confidence levels, involvement in imagery training, and 
self-perceived ability to perform imagery actions before 
and after training. Data on trainees’ learning experiences 
with the progressive training method, skill improvement, 
the effectiveness of the imagery training method, and 
overall teaching satisfaction were also collected.Imagery 
training involvement encompasses five aspects: being 
able to vividly imagine the suturing process in laparo-
scopic surgery; feeling the sensation of holding surgical 
instruments during imagery training; mentally reproduc-
ing the entire sequence of steps in laparoscopic suturing; 
being able to fully concentrate during imagery training 
without distraction; and believing that imagery training 
is a useful method for improving laparoscopic surgical 
skills.

Statistical analysis
All data were analyzed using SPSS 24.0. The researchers 
assessed baseline characteristics of the participants with 
Fisher’s exact test and the Mann-Whitney U test, and 
they used the Kruskal-Wallis H test to compare LS-CAT 
scores and error counts across the three tests. The Mann-
Whitney U test was used to compare changes in medical 
confidence, action imagery, and participation in imagery 
training before and after training, as well as differences in 
LS-CAT scores and operation error counts between the 
two groups. Medians (interquartile range, IQR) are used 
to express quantitative values. P-values < 0.05 were con-
sidered statistically significant.

Results

1.	 17 surgical and obstetrics-gynecology resident 
doctors participated in this study. One trainee 
adjusted their training plan due to conflicts between 
work and study schedules, and their data were not 
included in the study. Researchers randomly assigned 
sixteen participants to the experimental group 
and the control group. There were no significant 
differences in baseline characteristics between the 
two groups. See Table 1.

2.	 All trainees’s LS-CAT scores and operation error 
counts were compared in the first, second, and third 
tests. The results showed significant improvements 
in all trainee’s laparoscopic LS-CAT scores and 
operation error counts in the second and third tests. 
See Table 2.

3.	 In the second test, the experimental group’s LS-CAT 
scores and operation error counts were significantly 
lower than those of the control group. In the third 
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test, the experimental group’s LS-CAT scores and 
operation error counts in tissue handling were also 
significantly lower than those of the control group. 
There were no significant differences in the LS-CAT 
total scores and suturing times between the two 
groups. See Tables 3 and 4.

4.	 The surgical confidence scores of trainees in the 
experimental group significantly improved after 
training, and the imagery training participation 
scores of the experimental group also showed a 
significant increase. See Table 5.

Table 1  Baseline characteristics of participants
Characteristic Experimental Group (n = 9) Control Group (n = 7) P Value
Number of Participants 9 7
Male (n) 5 3 1
Female (n) 4 4
Bachelor’s Degree (n) 6 6 0.585
Master’s Degree (n) 3 1
Age (years) 28 (26.5, 29) 27 (26, 27) 0.142
BMI 20 (18.6, 22.7) 20.9 (18.6, 24.5) 0.47
First Test LS-CAT Total Score (points) 24 (22, 25.5) 24 (22, 25) 0.837
First Test Suturing Time(seconds) 505(405.5, 587.5) 418(340, 515) 0.4
Lapar0scopic Surgery Experience(times) 17(9, 31) 8(6, 24) 0.142

Table 2  LS-CAT scores and operation error counts of participants
Group Category First

Test
Second Test Third

Test
H P

Experimental Group Total Score (points) 24.0 (22, 25.5) 13.0 (12, 14) 11.0 (9, 12) 21.2 < 0.001
Instrument Handling 12.0 (11, 13) 7.0 (6, 7) 6.0 (5, 6) 20.5 < 0.001
Tissue Handling 12.0 (11, 12.5) 7.0 (6, 7) 5.0 (4, 6) 21.3 < 0.001
Error Count (times) 5.0 (4, 5.5) 1.0 (1, 3) 1.0 (1, 1.5) 19.3 < 0.001
Suturing Time(seconds) 505(405.5, 587.5) 174(153.5, 198) 140(113, 157.5) 19.4 < 0.001

Control Group Total Score (points) 24.0 (22, 25) 18.0 (16, 19) 11.0 (10, 15) 16.3 < 0.001
Instrument Handling 12.0 (12, 13) 9.0 (8, 10) 6.0 (5, 7) 16.9 < 0.001
Tissue Handling 12.0 (10, 12) 9.0 (8, 10) 6 (5, 8) 14.9 0.001
Error Count (times) 4.0 (4, 5) 4.0 (3, 4) 3.0 (2, 3) 11.4 0.003
Suturing Time(seconds) 418(340, 515) 182(155, 222) 104(91, 151) 16.5 < 0.001

H: The Kruskal-Wallis H statistic, which reflects the degree of differences between groups

Table 3  Comparison of LS-CAT scores in the second test between experimental and control groups
Category Experimental

Groups
Control Groups P

LS-CAT Total Score (points) 13.0(12, 14) 18.0(16, 19) 0.005
LS-CAT Instrument Handling Score 7.0(6, 7) 9.0(8, 10) 0.008
LS-CAT Tissue Handling Score 7.0(6, 7) 9.0(8, 10) 0.003
Operation Error Count (times) 1.0(1, 3) 4.0(3, 4) 0.001
Suturing Time(seconds) 174(153.5, 198) 182(155, 222) 0.536
Numerical values are represented by the median (inter quartile range, IQR), and the statistics are based on the Mann-Whitney U test

Table 4  Comparison of LS-CAT scores in the third test between experimental and control groups
Category Experimental

Groups
Control Groups P

LS-CAT Total Score (points) 11.0(9, 12) 11.0(10, 15) 0.21
LS-CAT Instrument Handling Score 6.0(5, 6) 6.0(5, 7) 0.536
LS-CAT Tissue Handling Score 5.0(4, 6) 6(5, 8) 0.042
Operation Error Count (times) 1.0(1, 1.5) 3.0(2, 3) 0.003
Suturing Time(seconds) 140(113, 157.5) 104(91, 151) 0.174
Numerical values are represented by the median (interquartile range, IQR), and the statistics are based on the Mann-Whitney U test
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Discussion
Laparoscopic surgical skills training has long been a 
global medical education and surgical research focus. 
Studies have shown that standardized laparoscopic sur-
gical simulation training can reduce surgical complica-
tions and the risk of conversion to open surgery [15, 16]. 
Among these skills, intracorporeal suturing and knot-
tying under laparoscopy are recognized as one of the 
most challenging aspects of laparoscopic surgical simu-
lation training. Traditional teaching methods involve 
instructing and practicing continuous, complete actions. 
However, resident physicians often experience learn-
ing stagnation at critical points due to high learning dif-
ficulty, leading to low training efficiency and prolonged 
learning curves.

Additionally, the current equipment and funding for 
laparoscopic training are limited [17]. In light of increas-
ing hospital operating costs, finding ways to help train-
ees focus on training steps suitable for their skill levels, 
thereby smoothly overcoming learning bottlenecks, 
improving the learning outcomes and efficiency of lapa-
roscopic suturing skills, and saving training costs, has 
become an urgent issue.

This study compared the differences in learning out-
comes and efficiency of laparoscopic suturing skills 
between this new teaching method, which combines the 
progressive and imagery training with traditional teach-
ing methods.

In the second test, the experimental group signifi-
cantly outperformed the control group in LS-CAT scores 
and had noticeably fewer operational errors, though no 
significant differences in suturing time were observed 
between the groups.

The results of the third test showed that although there 
were no significant differences in LS-CAT total scores 
and suturing times between the groups, the experimen-
tal group continued to have significantly fewer opera-
tional errors and better scores in tissue handling on the 
LS-CAT. This suggests that the new teaching method not 
only improved the precision and quality of laparoscopic 
suturing but also effectively reduced operational errors.

These improvements demonstrate significant advan-
tages, particularly in enhancing the accuracy and quality 
of laparoscopic suturing skills. In surgery, the quality of 
suturing is crucial; poor or inconsistent suturing quality 
can undermine the success of an operation, regardless of 
the speed of suturing.

Thus, the new teaching method played a key role in 
training students in high-quality suturing skills. The 
advantages of the experimental group were clear in the 
second test after 150 min of training, and while the per-
formance of the two groups began to converge in the 
third test after 300  min of training, the experimental 
group still maintained its advantage in the number of 
operational errors and tissue handling scores. This indi-
cates that the new teaching method not only effectively 
improves the level of laparoscopic suturing skills but also 
has distinct advantages in teaching efficiency.

The progressive training method breaks down the 
complex laparoscopic suturing operations into simple, 
manageable segments, allowing trainees to advance pro-
gressively from simple to complex tasks and to repeat-
edly practice specific challenging points. This approach 
helps trainees adapt to high-difficulty operations, gradu-
ally building complete skills, and significantly improves 
learning efficiency. The progressive training method 
has been widely applied in related surgical fields such as 
laparoscopy and colonoscopy [18–20]. In Japan, Tomoko 
Mizota and colleagues found that a step-by-step training 
method with remote guidance for laparoscopic suturing 
skills training could more effectively utilize the time of 
both trainees and trainers [21]. Further studies by Chen 
HA and Huang SW confirmed that medical students 
and surgical trainees who used the progressive train-
ing method improved their laparoscopic suturing skills 
[22] significantly. These findings are consistent with the 
results of this study.

Imagery training, also known as motor imagery train-
ing, has been proven to effectively improve motor per-
formance and enhance participants’ skill levels in various 
fields such as sports psychology, neurological rehabilita-
tion, and surgical cholecystectomy [8, 23–25]. However, 
its application in surgical education still suffers from a 
lack of data. Currently, psychological motor skills such 
as visuospatial abilities and perceptual capabilities have 
been proven to be closely related to surgical skill levels 
[26, 27]. This study introduces motor imagery training, 
using mental practice to repeatedly simulate skill opera-
tions in the mind, thereby deepening the memory and 
understanding of skills. The experimental group showed 
significant improvement in the involvement in imag-
ery training, and the method was actively accepted and 
participated in by the students, indicating significant 
advantages in helping students form clearer surgical 

Table 5  Comparison of confidence and imagery scores before and after training
Group Category Before Training After Training z P
Experimental Group Surgical Confidence Score (points) 26.0 (20.5, 34.5) 36.0 (30.5, 40) 2.4 0.014

Action Imagery (points) 24.0 (19.5, 25) 28.0 (22.5, 30) 1.6 1.36
Imagery Training Participation (points) 20.0 (18, 23.5) 24.0 (22, 25) 2.2 0.031

Control Group Surgical Confidence Score (points) 27 (23, 29) 29 (26, 31) 1.3 0.209
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visualizations, enhance concentration, and improve 
training outcomes.

Although the duration of each imagery training session 
in this study was 12 to 17.4 min, with a total of three ses-
sions conducted at a low frequency, the active participa-
tion of the experimental group in motor imagery training 
may be related to their actual improvement in operational 
skills, which is worth further verification in subsequent 
studies. Mary S. L. Goble and others in their review have 
noted that based on the successful experiences in the 
field of neurological rehabilitation, subjects with strong 
intrinsic motivation can significantly improve learning 
outcomes [12]. In surgery, mastering laparoscopic sutur-
ing techniques is a basic skill and core competency for 
surgeons. Trainees in this training have clear professional 
goals aimed at enhancing medical skills, and this goal-
oriented motivation can effectively stimulate the intrinsic 
learning drive of surgical trainees, potentially enhancing 
the effects of motor imagery training, which is worth fur-
ther exploration in future research. Additionally, trainees 
in the experimental group showed significantly higher 
surgical confidence after training than before, indicating 
that the new training method not only improves surgical 
skills but also enhances their confidence.

This study has several limitations. First, although pro-
gressive training and imagery training have been applied 
in their respective fields, studies on their combined 
application are still rare. Therefore, the initial intention 
of this study was to fill this research gap. However, due 
to the inability to independently quantify the effects of 
each method, future studies should further explore the 
independent effects and interactions of each method. 
Secondly, the small sample size of this study may lead to 
an amplification of Type II errors, thereby reducing the 
power of the statistical results. Therefore, future research 
should increase the sample size and consider extend-
ing the study to a clinical setting to further validate our 
hypotheses and conclusions.

Conclusion
In summary, the study demonstrates that using an inno-
vative combination of progressive training and imagery 
training significantly enhances laparoscopic suturing 
skills among resident physicians. This approach notably 
improves the efficiency and quality of suturing during 
laparoscopic knot tying for surgical and gynecological 
residents, reducing the resources required for training. 
High-quality laparoscopic suturing skills help decrease 
operation times and complications, thereby significantly 
increasing the safety and success rates of surgeries, which 
directly benefits patients. Additionally, this research 
provides new ideas and methods for the training of resi-
dent physicians in laparoscopic skills, contributing to the 
reform and innovation of medical education.
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IQR	� Interquartile range

Acknowledgements
Not applicable.

Author contributions
Wenxue Lin: Data curation, Writing original draft, Conceptualization. Jian 
Yu: Software, Validation. Xiaoping Peng: Data curation，visualization. Jianfu 
Xia: Quality Control, Formal Analysis. Bingchen Huang: Resource，project 
management. Rizeng Li: Writing Review&Editing, Conceptualization，Metho
dology.

Funding
This article is supported by Basic Public Welfare Research Project of Wenzhou 
Science and Technology Bureau(no.Y20240713), Basic Public Welfare Research 
Project of Wenzhou Science and Technology Bureau (no.Y20240681).

Data availability
The data and materials during the present research are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was reviewed and approved by Wenzhou Central Hospital’s Medical 
Ethics Committee(no.202402270046000397799) And the study was in 
accordance with Helsinki Declaration of 1964 and later versions.

Consent for publication
All authors agree to publish.

Competing interests
The authors declare no competing interests.

Received: 16 October 2024 / Accepted: 28 February 2025

References
1.	 McCluney AL, Vassiliou MC, Kaneva PA, et al. FLS simulator performance 

predicts intraoperative laparoscopic skill. Surg Endosc. 2007;21:1991–5. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​4​6​4​-​0​0​7​-​9​2​9​4​-​3.

2.	 Deziel DJ, Millikan KW, Economou SG, Doolas A, Ko ST, Airan MC. Complica-
tions of laparoscopic cholecystectomy: a National survey of 4,292 hospitals 
and an analysis of 77,604 cases. Am J Surg. 1993;165(1):9–14.

3.	 Louridas M, Szasz P, de Montbrun S, Harris KA, Grantcharov TP. Can we predict 
technical aptitude? A systematic review. Ann Surg. 2016;263(4):673–91. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​S​​L​A​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​1​2​4​6.

4.	 Yang J, Luo P, Wang Z, Shen J. Simulation training of laparoscopic pancreati-
cojejunostomy and Stepwise training program on a 3D-printed model. Int J 
Surg. 2022;107:106958. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​i​j​s​u​.​2​0​2​2​.​1​0​6​9​5​8.

5.	 Mizota T, Kurashima Y, Poudel S, Watanabe Y, Shichinohe T, Hirano S. Step-by-
step training in basic laparoscopic skills using two-way web conferencing 
software for remote coaching: a multicenter randomized controlled study. 
Am J Surg. 2018;216(1):88–92. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​m​​j​s​u​​r​g​.​2​​0​1​​7​.​0​7​.​0​2​0.

6.	 Kim T, Frank C, Schack T. A systematic investigation of the effect of action 
observation training and motor imagery training on the development of 
mental representation structure and skill performance. Front Hum Neurosci. 
2017;11:499. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​n​h​u​m​.​2​0​1​7​.​0​0​4​9​9.

7.	 Mendoza D, Wichman H. Inner darts: effects of mental practice on perfor-
mance of dart throwing. Percept Mot Skills. 1978;47(3 Pt 2):1195–9. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​2​4​6​6​​/​p​​m​s​.​​1​9​7​​8​.​4​7​​.​3​​f​.​1​1​9​5.

8.	 Page SJ, Levine P, Leonard A. Mental practice in chronic stroke: results of a 
randomized, placebo-controlled trial. Stroke. 2007;38(4):1293–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​6​1​​/​0​​1​.​S​​T​R​.​​0​0​0​0​​2​6​​0​2​0​5​.​6​7​3​4​8​.​2​b.

https://doi.org/10.1007/s00464-007-9294-3
https://doi.org/10.1007/s00464-007-9294-3
https://doi.org/10.1097/SLA.0000000000001246
https://doi.org/10.1097/SLA.0000000000001246
https://doi.org/10.1016/j.ijsu.2022.106958
https://doi.org/10.1016/j.amjsurg.2017.07.020
https://doi.org/10.3389/fnhum.2017.00499
https://doi.org/10.2466/pms.1978.47.3f.1195
https://doi.org/10.2466/pms.1978.47.3f.1195
https://doi.org/10.1161/01.STR.0000260205.67348.2b
https://doi.org/10.1161/01.STR.0000260205.67348.2b


Page 7 of 7Lin et al. BMC Medical Education          (2025) 25:369 

9.	 Park JH, Lee JH. The effects of mental practice on unilateral neglect in 
patients with chronic stroke: a randomized controlled trial. J Phys Ther Sci. 
2015;27(12):3803–5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​8​9​​/​j​​p​t​s​.​2​7​.​3​8​0​3.

10.	 Losana-Ferrer A, Manzanas-López S, Cuenca-Martínez F, Paris-Alemany A, 
La Touche R. Effects of motor imagery and action observation on hand 
grip strength, electromyographic activity and intramuscular oxygenation 
in the hand gripping gesture: A randomized controlled trial. Hum Mov Sci. 
2018;58:119–31. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​u​​m​o​v​​.​2​0​1​​8​.​​0​1​.​0​1​1.

11.	 Timmermans AA, Verbunt JA, van Woerden R, Moennekens M, Pernot DH, 
Seelen HA. Effect of mental practice on the improvement of function and 
daily activity performance of the upper extremity in patients with subacute 
stroke: a randomized clinical trial. J Am Med Dir Assoc. 2013;14(3):204–12. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​a​​m​d​a​​.​2​0​1​​2​.​​1​0​.​0​1​0.

12.	 Goble MSL, Raison N, Mekhaimar A, Dasgupta P, Ahmed K. Adapting motor 
imagery training protocols to surgical education: A systematic review and 
Meta-Analysis. Surg Innov. 2021;28(3):329–51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​1​​5​5​3​3​5​
0​6​2​1​9​9​0​4​8​0.

13.	 Vassiliou MC, Dunkin BJ, Marks JM, Fried GM. FLS and FES: comprehensive 
models of training and assessment. Surg Clin North Am. 2010;90(3):535–58.

14.	 IJgosse WM, Leijte E, Ganni S, Luursema JM, Francis NK, Jakimowicz JJ, Botden 
SM. Competency assessment tool for laparoscopic suturing: development 
and reliability evaluation. Surg Endosc. 2020;34:2947–53.

15.	 Ma J, Minhua Zheng. Cultivation and development of laparoscopic surgical 
techniques for colorectal surgeons. Colorectal Anal Surg. 2021;27(1):1–4.

16.	 Coffin SJ, Wrenn SM, Callas PW, Abu-Jaish W. Three decades later: investigat-
ing the rate of and risks for conversion from laparoscopic to open cholecys-
tectomy. Surg Endosc. 2018;32:923–9.

17.	 Armbrust L, Lenz M, Elrod J, Kiwit A, Reinshagen K, Boettcher J, Boettcher M. 
Factors influencing performance in laparoscopic suturing and knot tying: a 
cohort study. Eur J Pediatr Surg. 2023;33(02):144–51.

18.	 Iacopini F, Bella A, Costamagna G, Gotoda T, Saito Y, Elisei W, Scozzarro A. 
Stepwise training in rectal and colonic endoscopic submucosal dissection 
with differentiated learning curves. Gastrointest Endosc. 2012;76(6):1188–96.

19.	 Yamada S, Shimada M, Imura S, Morine Y, Ikemoto T, Saito Y, Takata A. Effective 
Stepwise training and procedure standardization for young surgeons to 
perform laparoscopic left hepatectomy. Surg Endosc. 2017;31:2623–9.

20.	 Imai K, Hotta K, Yamaguchi Y, Kakushima N, Tanaka M, Takizawa K, et al. Pre-
operative indicators of failure of En bloc resection or perforation in colorectal 
Endoscopic submucosal dissection: implications for lesion stratification 
by technical difficulties during Stepwise training. Gastrointest Endosc. 
2016;83(5):954–62.

21.	 Mizota T, Kurashima Y, Poudel S, Watanabe Y, Shichinohe T, Hirano S. Step-by-
step training in basic laparoscopic skills using two-way web conferencing 
software for remote coaching: a multicenter randomized controlled study. 
Am J Surg. 2018;216(1):88–92.

22.	 Chen HA, Huang SW, Shen SC, Tsai KY, Kuo HH, Dallemagne B, Wei CH. Step-
wise training program: A novel practice schedule for laparoscopic suturing. 
Heliyon. 2023;9(12).

23.	 Immenroth M, Bürger T, Brenner J, Nagelschmidt M, Eberspächer H, Troidl H. 
Mental training in surgical education: a randomized controlled trial. Ann Surg. 
2007;245(3):385–91. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​0​​1​.​s​​l​a​.​​0​0​0​0​​2​5​​1​5​7​5​.​9​5​1​7​1​.​b​3.

24.	 Moran A, Guillot A, Macintyre T, Collet C. Re-imagining motor imagery: 
Building bridges between cognitive neuroscience and sport psychology. Br J 
Psychol. 2012;103(2):224–47. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​2​0​​4​4​-​​8​2​9​5​​.​2​​0​1​1​.​0​2​0​6​8​.​
x.

25.	 Braun S, Kleynen M, van Heel T, Kruithof N, Wade D, Beurskens A. The effects 
of mental practice in neurological rehabilitation; a systematic review and 
meta-analysis. Front Hum Neurosci. 2013;7390. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​3​3​​​8​9​​/​f​n​​h​u​
m​.​2​​0​1​3​.​0​0​3​9​0.

26.	 Toale C, Morris M, Ryan DM, et al. Baseline assessments of psychomotor apti-
tude are associated with the future operative performance of surgical train-
ees: a prospective observational cohort study. Ann Surg. 2023;278(1):148–52.

27.	 Lund J. The new general surgical curriculum and ISCP. Surg (Oxford). 
2020;38(10):601–6.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1589/jpts.27.3803
https://doi.org/10.1016/j.humov.2018.01.011
https://doi.org/10.1016/j.jamda.2012.10.010
https://doi.org/10.1016/j.jamda.2012.10.010
https://doi.org/10.1177/1553350621990480
https://doi.org/10.1177/1553350621990480
https://doi.org/10.1097/01.sla.0000251575.95171.b3
https://doi.org/10.1111/j.2044-8295.2011.02068.x
https://doi.org/10.1111/j.2044-8295.2011.02068.x
https://doi.org/10.3389/fnhum.2013.00390
https://doi.org/10.3389/fnhum.2013.00390

	﻿Study on the application of progressive training method combined with imagery training method in laparoscopic suturing skills training for resident physicians
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Ethical considerations
	﻿Equipment and materials
	﻿Study design
	﻿Experimental protocol
	﻿Outcome assessment
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


