Cheng et al. BMC Medical Education ~ (2025) 25:364 BMC Medical Education
https://doi.org/10.1186/512909-025-06915-3

Video based on the combination of animation 2
and modules is effective in teaching suture
technologies to novices without faculty
involvement: a new surgical video course

Meng Cheng'”, Xinle Wang', Man Zhang?, Sainan Li' and Cuizhi Geng'

Abstract

Background While video-based instruction has been employed to teach a range of surgical skills, most videos rely
on modular demonstrations, which restrict students' comprehension of human tissue structures and their control over
intricate procedural details.

Methods This study described the development, implementation, evaluation, and results of a novel video curriculum
based on modular demonstrations combined with animated simulations. Participants were randomly assigned to
three groups using a simple lottery-based randomization method, and the efficacy of this novel curriculum was
established through pre-and post-teaching outcome analyses.

Results Compared to traditional education and modular-video groups, the combination of modules and animations
significantly boosted post-course scores for all suturing techniques except Cushing (CS), Connell (C), and Purse String
Sutures (PSS).

Conclusions The video approach that merges modules with animation proves effective in teaching suturing
techniques without faculty intervention. Compared with modular-based video, the addition of animated simulation
video has certain advantages in distance education.
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Introduction

Medicine is a field where practice makes perfect, and
mastering basic operations is crucial in medical educa-
tion. The traditional teaching approach often relies on
lectures and demonstrations, leaving students as pas-
sive listeners and dampening their enthusiasm for learn-
ing [1]. Moreover, limited class hours hinder repetitive
practice, further affecting the quality of education. The
COVID-19 pandemic has only exacerbated these chal-
lenges, making distance self-directed education programs
more essential than ever [2, 3]. Consequently, multimedia
teaching has become the new trend, replacing conven-
tional classroom lectures.

Video-based teaching has proven effective for impart-
ing various surgical skills [4—6]. Trainees can learn and
practice at their own pace through multimedia platforms,
enjoying flexible and iterative learning opportunities.
Research shows that video-based learning of basic surgi-
cal skills is as effective as faculty instruction across dif-
ferent settings [7, 8]. However, most videos are based on
training modules like simulators and skin models, which
can limit students’ understanding of human tissue struc-
tures and their control over operational details, thereby
restricting the development of clinical thinking [9].

The introduction of animation simulation video is a
powerful aid and supplement to the operation demon-
stration [10-12]. These dynamic visuals offer superior
spatial display and process decomposition, igniting stu-
dents’ interest and enhancing the overall teaching experi-
ence [13, 14].

In this report, we delve into the creation, implemen-
tation, evaluation, and outcomes of a novel video cur-
riculum that combines modular demonstrations with
animated simulations. This course is designed to teach
pre-clinical medical students the essential skill of
suturing.

Table 1 Names and abbreviations of 12 suture methods
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Methods
Video design
We developed a novel curriculum with three sets of tuto-
rial videos, covering a total of 12 suturing techniques
(detailed in Table 1). Each video averages 48 s in length,
ranging from 32 to 60 s. These videos include an intro-
duction to the suturing methods, practical skills tips,
and a dynamic blend of module-based stitching steps
combined with animated simulations. This approach viv-
idly showcases each suturing technique’s steps and key
points, making it an engaging and effective learning tool.
When creating the videos, we adhered to a structured
syllabus, starting with easy-to-learn basic skills before
introducing more complex suturing methods built upon
these foundations. This progressive approach ensures
mastery of all common suturing techniques. The video
production is bifurcated into two main parts. The first
part involves on-site shooting with a video recorder,
capturing a surgeon demonstrating sutures on a silicone
skin model training module. The second part entails
animation designers crafting animations based on these
live demonstrations and explanations. In the final video
output, both the live demonstrations and their animated
counterparts for each suturing technique are presented
together, offering a comprehensive learning experience.
Each video focused on hand movements, comple-
mented by training module demonstrations and detailed
animations. This approach makes it easier to empha-
size crucial details such as puncture sites, depth, needle
angles, suture directions, and tissue hierarchies during
stitching (Fig. 1). The cross-sectional views in the anima-
tions closely mimic human tissue structures, bringing
students closer to clinical realities and enhancing their
intuitive understanding of surgical techniques’ key points
and practical applications.

Course design
In April 2022, we recruited 60 preclinical medical stu-
dents from Hebei Medical University, all aspiring to

Suture methods Abbreviation
Simple suture Simple Interrupted Suture SIS
Simple Continuous Suture SCS
Ford Interlocking Suture FIS
Cruciate (Cross Mattress) Suture CMS
Everting suture Vertical Mattress Suture VMS
Horizontal Mattress Suture HMS
Continuous Horizontal Mattress Suture CHMS
Inverting suture Lembert Suture LS
Halsted Suture HS
Cushing Suture cs
Connell Suture C
Purse String Suture PSS
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Fig. 1 Screen captures of the new teaching video

pursue a surgical career. These participants, with no prior
suture training, were first required to complete a pre-
intervention questionnaire. They were then randomly
assigned to three groups via a simple lottery method: the
Module and Animation Combination Group (MA), the
Module Video Group (MV), and the Traditional Educa-
tion Group (TE).

For groups MA and MV, the course was structured into
two stages. The first stage was classroom teaching, about
90 min (two class hours). The teacher began by giving a
brief introduction to the video content before launch-
ing into the playback of the videos one by one. After
each suturing demonstration, students were allocated 4
to 12 min for practice, depending on the complexity of
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the stitch. During this practice period, the video could
be replayed as needed, but students couldn’t move on to
the next stitching technique without completing the cur-
rent one. The teacher’s role during this time was strictly
supervisory, with no guidance provided.

The second stage consisted of 80 min of independent
practice. On the seventh day following the initial class-
room session, students returned to the classroom to prac-
tice each suturing method seven times independently.
Throughout this period, they had the flexibility to replay
the videos as often as needed. The teacher’s involvement
was limited to supervision, devoid of any instructional
guidance. Outside of this designated time, students were
not permitted to engage in further practice. The decision
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to have students perform each suturing technique seven
times was informed by prior research indicating that
trainees’ performance typically plateaus after seven to
nine practice attempts [15]. This approach ensures that
students reach a level of proficiency where additional rep-
etitions offer diminishing returns in skill improvement.

For group TE, the course was also divided into two
stages: classroom teaching and independent practice,
mirroring the video-based group in terms of class hours.
In the first stage, the teacher introduced the suturing
methods using a module-based video similar to that used
in group MYV, followed by individual demonstrations of
each technique.

After each set of suture demonstrations in the first
stage, students practiced while receiving guidance from
the teacher. In the second stage, they independently prac-
ticed each suture technique seven times in the classroom,
with teachers available to provide guidance. Following
the final practice session for each group, a post-test was
conducted, requiring students to complete 12 sutures. A
modified assessment tool, based on the ACS/APDS Sur-
gery Resident Skills Curriculum Global Rating Scale, was
employed, and students were graded on a scale of 0 to
100 for their overall performance across all sutures.

Additionally, two self-assessment questionnaires on
suturing techniques were administered before and after
the course (Supplemental Table 1), alongside a post-
course satisfaction survey regarding the video content
(Supplemental Table 2). Utilizing a Likert scale of 5,
responses of 4 points or above signified approval and
satisfaction. Informed consent was secured from all par-
ticipants, with the entire study protocol overseen and
approved by the Ethics Committee of Hebei Medical Uni-
versity (No. SCXK2020-0025).

Statistical analysis

Data were presented as mean + standard deviation (SD)
and analyzed using t-tests and ANOVA. A p-value of less
than 0.05 was considered statistically significant. Spear-
man’s rank correlation coefficient (p) was used to assess
the relationship between self-evaluation and post-course
test scores. All statistical calculations were conducted
using Microsoft Excel and SPSS software (version 21;
SPSS Inc., Chicago, IL).

Results

The average age of the students was 23 years, with a gen-
der distribution comprising 28 females and 32 males. By
comparing pre-course and post-course self-evaluations,
each student demonstrated a significant improvement
in self-assessed competency across all 12 suturing tech-
niques. Figure 2 illustrates the average score enhance-
ment for these skills, revealing a median increase in
self-ratings from 1.85 to 3.84.
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To investigate the disparities in students’ suturing
skill enhancement across various teaching methodolo-
gies, we subtracted pre-class self-evaluation scores from
post-class ones to analyze the differences. In the major-
ity of suturing techniques (SCS, VMS, HMS, CHMS, LS,
and HS), Group MA exhibited significantly higher score
improvements compared to the other two groups. When
contrasted with Group TE, the instructional approach
integrating modular demonstrations and animated simu-
lations proved markedly superior in boosting post-course
scores for all suturing methods except SIS, FIS, CMS,
and PSS. However, this advantage did not manifest when
comparing Group MV with Group TE (Table 2). These
findings suggest that standalone simulation struggles to
yield effective teaching outcomes for most suturing skills,
while the combination of animated demonstrations or
teacher guidance significantly facilitates skill acquisition.

Additionally, we assessed the variations in completing
12 sutures post-course across the three groups (Fig. 3B).
The results revealed no statistically significant difference
between Group MA and Group TE; however, both out-
performed Group MV.

By comparing the exercise times of different video-
based groups, we observed that Group MA’s practice
duration was significantly shorter than that of Group MV
(Fig. 3A).

To verify the relationship between students’ self-eval-
uations and their post-course test results, we conducted
a consistency test. The findings revealed a positive cor-
relation between self-evaluations of the 12 common
suturing techniques and the test outcomes (Table 3). This
indicates that students’ self-assessments during practice
can partially reflect their learning effectiveness and accu-
rately mirror their self-confidence. As widely recognized,
appropriate self-confidence can significantly enhance
skill acquisition.

Discussion

Traditional instruction in fundamental surgical proce-
dures primarily relies on lectures and demonstrations,
necessitating substantial practice facilities and consum-
ing considerable teaching time for surgeons [1, 16, 17].
It’s impractical to expect surgeons, already burdened
with demanding schedules, to dedicate extensive time
to teaching. Distance learning can serve as a valuable
supplement to medical education. Research has demon-
strated that video-based instruction effectively imparts
basic surgical skills, such as suturing and knot tying, to
novices in the medical field [6-8, 18, 19]. The incorpo-
ration of instructional videos can alleviate some of the
pressures on educators. Even without expert supervi-
sion, video-based learning facilitates substantial technical
improvement and knowledge retention among students
[7, 18]. However, currently, most videos primarily consist
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Fig.2 A-L The average score improvement of all 12 skills in different groups. M The average score improvement of all 12 skills in all students
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Table 2 Differences in post class self-evaluation improvement among different teaching methods

Score(post minus  Mean Std. Error Mean Std. Deviation Range of score(post minus P

pre) pre)

Low High MA vs. TE MA vs. MV TE vs. MV

SIS MA 290 0.161 0.718 2 4 0.123 0.134 0.794
TE 2.55 0.153 0.686 1 3
MV 2.60 0.112 0.503 2 3

SCS MA 2.50 0115 0513 2 3 <0.001 0.016 0574
TE 1.90 0.069 0.308 1 2
MV 2.00 0.162 0.725 1 3

FIS MA 1.75 0.099 0444 1 2 0.055 0.001 0.084
TE 145 0.114 0510 1 2
MV 1.10 0.161 0.718 0 2

CMS MA 2.50 0.154 0.688 2 4 0.182 0.050 0.350
TE 225 0.099 0.444 2 3
MV 2.10 0.124 0.553 1 3

VMS MA 240 0.134 0.598 1 3 0.001 <0.001 <0.001
TE 1.80 0.092 0410 1 2
MV 1.00 0.145 0.649 -1 2

HMS MA 215 0.150 0.671 1 3 0.008 <0.001 0.055
TE 1.55 0.153 0.686 0 2
MV 1.15 0.131 0.587 0 2

CHMS MA 255 0.170 0.759 1 4 0.013 <0.001 0.021
TE 1.85 0.209 0.933 0 3
MV 1.20 0.172 0.768 0 2

LS MA 230 0.105 0470 2 3 0.007 <0.001 0373
TE 1.75 0.160 0.716 1 3
MV 1.55 0.153 0.686 0 2

HS MA 220 0.138 0616 1 3 0.040 0.002 0227
TE 1.75 0.160 0.716 1 3
MV 145 0.185 0.826 1 3

(& MA 235 0.131 0.587 1 3 0.040 1.000 0.055
TE 1.95 0.135 0.605 1 3
MV 235 0.150 0.671 1 3

C MA 2.25 0.160 0.716 1 3 0.047 1.000 0.032
TE 1.85 0.109 0.489 1 3
MV 225 0.143 0.639 1 3

PSS MA 225 0.160 0.716 1 3 0418 1.000 0418
TE 2.05 0.185 0.826 1 3
MV 225 0.160 0.716 1 3

MA: module and animation combination group, MV: module video group, TE: traditional education group

of modular demonstrations, leaving students in a pas-
sive reception mode. Enhancing student engagement and
improving teaching efficacy has thus become a challeng-
ing issue.

Animation simulations captivate students’ interest
more effectively due to their vibrant visuals and engaging
nature. They have also demonstrated advantages in illus-
trating abstract concepts and detailing complex proce-
dures [10-12]. As depicted in the cross-sectional views,
the animation simulation of human tissue closely mirrors
clinical realities, enabling students to more intuitively
grasp the essential points and practical applications of
surgical techniques.

Compared to previous studies, our research delves
deeper into the subject. For instance, Summers et al.
demonstrated that video-based teaching surpasses tradi-
tional methods in training medical students for suturing
and knotting skills [20]. Schittek Janda et al. examined
the influence of non-interactive video materials on learn-
ing and confirmed that this training model yields posi-
tive learning outcomes and skill retention [21]. In our
research, we compared modular-based videos with tradi-
tional teaching methods and found inconsistent teaching
efficacy across different suturing techniques. Video-based
instruction alone couldn’t supplant traditional teaching.
However, when we incorporated animations into video



Cheng et al. BMIC Medical Education (2025) 25:364

A
k% %k
100 -
= MV
80— oo e MA
o
0
9 60— .
g ™
E 40—
20—
0 1 1
MA MV
GROUP

Page 7 of 8

110 - e
- e MA
100 - —
o O .I. i - TE
90 - -%- E%_EE-] sidlia u MY
EEER ESES SSSN
& - R
g 80 - "
w AA
70 \
40 \
30-
20 -
10
0 T T T
MA TE MV
GROUP

Fig. 3 AThe exercise time of group MA is much shorter than group MV. B There was no statistical difference in the after-course test between group MA

and group TE, but both were better than group MV

Table 3 Correlation between self-evaluation and after-course test

sIs SCS FIS CcMS VMS HMS CHMS LS HS cs C PSS
Post 0.256" 0.380" 0482" 0318 0.524" 0496 0512" 0612" 0.743" 0.338" 0.338" 0426
Test
score

**_Correlation is significant at the 0.01 level (2-tailed)

* Correlation is significant at the 0.05 level (2-tailed)

teaching, it showed significant advantages over tradi-
tional methods for most suturing techniques. Thus, while
video-based teaching holds promise, the quality of the
video content is equally vital.

The results show that video based on combination of
module and animation can more effectively teach suture
skills to novices in preclinical medicine. Compared with
modular-based video, students spent less time in prac-
tice and had a better grasp of the operations. This may
be related to the advantages of animation video in the
display of details. It can enable students to better under-
stand the depth of stitching through cross section, avoid
problems such as occlusion in actual operation, and make
the key points and difficulties more prominent.

Some studies have weakened the importance of teacher
guidance in basic skills training, and indicated that auton-
omous video training provides the same retention rate
of basic skills as expert guidance [7, 18]. Our research
reveals that a video series blending animation with mod-
ules achieves a learning outcome in suturing skills com-
parable to traditional teaching methods. Introducing
animation into these videos not only satisfies the peda-
gogical criteria of conventional instruction but also offers
distinct advantages in the majority of suturing tech-
niques. Moreover, an analysis of the alignment between
self-assessments and suturing tests demonstrated that

students can proficiently evaluate their learning progress
during autonomous practice, echoing findings from prior
studies [8]. Interestingly, we discovered that three closely
related suturing techniques (Cushing, Connell, and Push
String Sutures) all fall under continuous suturing par-
allel to the wound. Our research suggests that modu-
lar and animated video courses don’t exhibit significant
advantages for these three methods, potentially due to
their high repetitiveness. Video-based learning offers stu-
dents the flexibility to learn at their own pace, enabling
repeated viewing and practice, thereby transcending tra-
ditional classroom time constraints. The design of such
training videos can effectively mitigate teaching limita-
tions during extraordinary times. Should in-hospital
training become challenging, these distanced and inde-
pendent learning modules can help bridge the gap [2, 3].
Amidst this ever-evolving landscape, medical education
must navigate the pressures that could curtail in-person
instruction.

Nevertheless, our research has its share of limitations.
The suturing tests involved only one evaluator, and some
assessment criteria were subjective. Moreover, these skills
were performed on models; it remains uncertain whether
students can replicate their performance in clinical set-
tings. Notably, we selected surgically inclined volunteers
to minimize dropouts due to disinterest, which may not
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fully represent the learning outcomes of the entire stu-
dent body. Additionally, while this experimental design
aims to emulate remote teaching, using a uniform skin
model for practice might differ from the individualized
teaching aids each student would use in actual remote
learning, potentially influencing the exercise outcomes.
Further studies are warranted to address these aspects.

Conclusions

In conclusion, the video approach that merges modules
with animation proves effective in teaching suturing
techniques without faculty intervention. Compared with
modular-based video, the addition of animated simula-
tion video has certain advantages in distance education.
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