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Abstract 

Background:  Compared with traditional tendon repair teaching methods, using a virtual reality (VR) simulator 
to teach tendon suturing can significantly improve medical students’ exercise time, operation flow and operation 
knowledge. At present, the purpose of this study is to explore the long-term influence of VR simulator teaching on the 
practice performance of medical students.

Method:  This is a one-year long-term follow-up study of a randomized controlled study. A total of 117 participants 
who completed the initial study were invited to participate in the follow-up study. Participants in the VR group and 
the control group were required to complete a questionnaire developed by the authors and the teachers in the 
teaching and research department and to provide their surgical internship scores and Objective Structure Clinical 
Examination(OSCE) graduation scores.

Results:  Of the 117 invitees, 108 completed the follow-up. The answers to the questions about career choice and 
study habits were more positive in the VR group than in the control group (p < 0.05). The total score for clinical prac‑
tice in the VR group was better than that in the control group, and the difference was statistically significant (p < 0.05). 
In the OSCE examination, the scores for physical examination, suturing and knotting and image reading were higher 
in the VR group than in the control group, and the difference was statistically significant (p < 0.05).

Conclusion:  The results of the one-year long-term follow-up indicated that compared with medical students experi‑
encing the traditional teaching mode, those experiencing the VR teaching mode had more determined career pursuit 
and active willingness to learn, better evaluations from teachers in the process of surgical clinical practice, and better 
scores in physical examination, suturing and knotting and image reading in the OSCE examination. In the study of 
nonlinear dynamics to cultivate a good learning model for medical students, the VR teaching model is expected to 
become an effective and stable initial sensitive element.

Trial registration:  Chinese Clinical Trial Registry(25/05/2021, ChiCTR2100046648); http://​www.​chictr.​org.​cn/​hvsho​
wproj​ect.​aspx?​id=​90180.

Keywords:  Virtual reality, Medical Education, Nonlinear Dynamics, Internship and residency

Introduction
How to effectively improve the medical knowledge 
reserve ability of medical students and establish an effec-
tive relationship between professional theoretical study 
and clinical practice are two major problems currently 
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facing global medical education [1].The medical knowl-
edge system is huge, the content varies, and the learn-
ing cycle is long. It is difficult for medical students to 
establish a solid knowledge system and enhance their 
perceptual medical knowledge only through traditional 
two-dimensional learning. The traditional one-way input 
theoretical learning and autopsy learning mode can-
not be individualized for specific students, and autopsy 
learning is limited by ethical issues and the number of 
available specimens, so it is difficult to maintain teaching 
quality [1, 2].

In recent years, virtual reality (VR) simulators have 
been widely used in the field of medical teaching and have 
achieved good results. Many hospitals are now using vir-
tual reality to assist senior surgical residents in improv-
ing surgical technology, and this training has shown to 
enhance learning efficiency, knowledge transfer, and skill 
transfer [3]. It is because VR simulators can give prompt 
feedback to learners from visual and aural multisensory 
and multiangle viewpoints [4], which is also critical in 
clinical medical education [5]. According to the differ-
ent input operations of the operator, they can formulate 
the corresponding processing results and output them in 
real time, which is also called real-time interaction [6]. 
This kind of immediate feedback can prompt the opera-
tors to change the learning process from passive to active 
and construct a relationship between visual feedback and 
psychological expectations in the learning process [7–9]. 
The improvement in learners’ three-dimensional imagi-
nation, active operation and exploration of learning skills 
can improve their knowledge reserve ability. Accord-
ing to the most recent comparative bibliometrics analy-
sis, students may grasp the theoretical understanding of 
learning and improve the teaching impact with the use of 
3D technology in the classroom [10]. However, this com-
prehension is still limited to the learning topic; there is 
no way to make a meaningful link to the real operation 
[10]. Compared with traditional teaching methods(or 
combining with 3D technology), this immersive learning 
method provided by VR technology can arouse students’ 
interest in learning, stimulate their motivation for active 
learning and build their individual medical knowledge 
reserve system [11, 12].

Sports [13], tourism [14], surgical simulation [15], 
rehabilitation counseling [16], simulated military oper-
ations [17], and education [18] are some of the cur-
rent uses for virtual reality. A secure, consistent, and 
individualized learning environment may be offered 
via a VR learning platform [19]. Learners may fully 
express their subjective initiative on the VR platform 
and, through repeated efforts and exercises, enhance 
their grasp and cognition of a specific professional 

expertise. The prevalence of new COVID-19 has fur-
ther encouraged the use of VR technology in the area 
of education [20, 21]. VR is now playing a bigger and 
bigger part in the educational world as online learning 
steadily replaces traditional classroom instruction[19]. 
The majority of study subjects in the medical area of 
VR have become physicians through clinical practice, 
however there is a dearth of research on the education 
of medical students at the undergraduate level. In addi-
tion to surgical technical supervision and tele-rehabili-
tation research demonstrating that VR may cure certain 
major illnesses, supporting VR instruction in under-
graduate education is essential, since it is an essential 
component of VR’s spread [22].

In our initial research, we pioneered the use of VR in 
undergraduate surgical Achilles tendon suture instruc-
tion and discovered that students in the experimental 
group were better able to grasp the procedure [18]. The 
high application cost is the main obstacle to popular-
izing VR education in various countries and regions. 
The rapid progress and iterative adaptation of modern 
digital technology is the inevitable trend of the devel-
opment of science and technology [23]. With continu-
ous changes in technology, in addition to enriching the 
diversity of VR teaching forms, reducing the application 
cost is an inevitable trend of science and technology 
products [23]. Even though the current application of 
VR simulation has some shortcomings, such as increas-
ing the mental pressure on users and high cost [24, 25], 
integrating digital teaching into medical courses will be 
a long-term and continuous process. From the point 
of view of teaching purposes, VR simulation improves 
the quality and efficiency of education and is a supple-
ment to traditional education rather than a substitute. 
During the COVID-19 epidemic, the need for remote 
education has skyrocketed, and VR applications in 
undergraduate education are also on the rise, particu-
larly in medical education that calls for clinical learning 
experiences [16, 26]. In order to promote the use of VR 
in the field, we require high-quality long-term follow-
up to look at the application value of VR training in 
undergraduate medical education.

Therefore, this study is a long-term follow-up study 
of the first clinical randomized trial to explore whether 
students in the VR experimental group could sum up 
their learning experience and had developed positive 
learning habits after experiencing VR immersion teach-
ing compared with traditional teaching and whether 
they could define their future career planning, improve 
their clinical practice performance and improve their 
graduation examination scores during the one-year 
clinical practice study.
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Method
A total of 117 fourth-year medical students partici-
pated in the initial trial and then participated in a one-
year clinical internship under the teaching plan (Fig.  1) 
(25/05/2021,ChiCTR2100046648). The five-year clinical 
students of Jinan University do not receive directional 
assignments during the clinical practice but undergo an 
internship plan in 18 departments. They take the Objec-
tive Structure Clinical Examination (OSCE) after the 
internship, and those who pass the examination have 
finished their undergraduate studies. The two writers 
gathered participant scores from the student internship 

evaluation system and OSCE assessment system under 
the assumption that all participants had completed 
informed permission forms.

Participants
We sent follow-up applications to 117 medical students 
who participated in the initial trial, and 108 responded 
and participated in the follow-up. The main purposes 
of the follow-up were to obtain the surgical internship 
scores and OSCE results of the participants and to have 
them complete a questionnaire.

Fig. 1  CONSORT 2010 flow diagram showing the study process. VR: virtual reality
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Inclusion criteria
The participants who sign an informed consent form 
for this follow-up study had to meet the following 
requirements:

1. Complete the required course in the first trial and 
participate in the assessment of tendon suturing;
2. A one-year internship at a hospital is required.

Exclusion criteria

1. Failed to complete the course specified in the ini-
tial experiment;
2. Did not participate in the examination and evalu-
ation of tendon suturing in the first trial;
3. Failed to complete the rotation of all clinical 
departments required by the internship within 
1 years after the initial trial;
4. Low Grade Point Average (GPA) or personal reasons;

Intervention
Initial study
The VR simulator used in this study was built by Ortho-
pedic Surgery and Sports Medicine Center and Jinan 

University. SteamVR was the program used by all VR 
simulators (JinKe Lu). Each participant in this study must 
read all of the website’s ideas in order to use the VR sim-
ulator approach. There are two variants (ie, PC and VR 
simulator versions). Students used the PC keyboard and 
mouse to learn about tendon repair. A 360-degree sce-
nario is included in the PC edition to enhance the learn-
ing environment.

All participants had to attend 8  h of lectures and 6  h 
of practical classes for 2 weeks. During the lectures, par-
ticipants learnt about traumatic orthopedic theory and 
tendon healing basics. This lecture used a PowerPoint 
presentation with drawings, photos, and step-by-step 
directions. The control group were given one hour to 
review the information (Fig.  2D). The VR group took 
the identical course as the control group, except for 
the guided PowerPoint review. Instead, they spent 
an hour in class practicing with VR simulators (both 
VR and PC) (Fig.  2A-C). The VR simulator focuses 
on each participant’s tendon restoration performance 
(Supplementary Materials S1). The VR simulator has 
two modes of operation: practice and test. Students 
have to complete all essential learning in practice 
mode before moving on to evaluation mode. All train-
ing was done in class, and both groups got the same 
amount of practice time.

Fig. 2  A-C: Students in the experimental group used VR simulator for tendon suture operation practice and examination; (D) Students in the 
control group used PowerPoint presentation to learn tendon suture operation
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Follow‑up study
The major duties were to distribute surveys and collect 
internship and OSCE scores, and we did not interfere in 
the follow-up research.

Questionnaire design
To evaluate the long-term impact of using VR applica-
tions on participants’ surgical learning and career plan-
ning, our research team looked at the existing literature 
and identified the key topics, such as interns’ attitudes 
about internship work [27, 28], their passion for work 
[28], their capacity to actively locate and solve prob-
lems [27, 29], their interpersonal skills at work [29], and 
their ability to plan their future career [30, 31]. The main 
author of this article convened with the teaching sec-
retaries of the surgery clinical department of the First 
Affiliated Hospital of Jinan University (the rotation sur-
gery departments of undergraduate clinical medical stu-
dents are urology, gastrointestinal surgery, breast surgery, 
orthopedics, cardiac surgery and thoracic surgery) with 
the purpose of developing a targeted questionnaire sur-
vey. First, the authors and teaching secretaries designed 
the questionnaire questions; then, they discussed the 
contents of each topic within the group, modified the 
wording of each question, and finally voted on the ques-
tions to be included in the questionnaire. Questions 
that received more than 75% of the votes were included 
in the final questionnaire survey. The design of this 
questionnaire referred to the idea of the group recom-
mended by the European League Against Rheumatism 
(EULAR) [32]. The final questionnaire contained eight 
questions. The specific questions are described in detail 
in Table 2.

Surgical internship evaluation
Clinical surgery internship departments include urol-
ogy, gastrointestinal surgery, breast surgery, orthopedics, 
cardiac surgery and thoracic surgery. The evaluation of 
surgical practice depends mainly on the teacher’s score 
according to the undergraduate practice evaluation form 
developed by the first Clinical Medical College of Jinan 
University. The scoring contents include work attitude, 
interpersonal communication, clinical case writing, 
other medical document writing, physical examination, 
diagnosis and differential diagnosis, treatment plan and 
prescription, clinical skill operation, language expres-
sion ability and self-study ability. There are four scoring 
options: excellent, good, medium and poor, correspond-
ing to 10 points, 8 points, 6 points and 4 points, respec-
tively, for a total possible score of 100 points. Finally, the 
average surgery score was recorded according to the stu-
dent practice manual.

Objective structure clinical examination
The OSCE was created by the British researcher R. 
Harden in 1975 [33]. In recent years, it has been widely 
used as an exclusive assessment, stage assessment and 
graduation assessment for the standardized training of 
residents in China. In the study plan of undergraduate 
medical students set by the First Clinical Medical College 
of Jinan University, the 16-station comprehensive OSCE 
examination is taken by medical students after complet-
ing their one-year clinical practice. The specific assess-
ment contents are listed in Fig.  3. The final score is the 
average score for each station, and the OSCE score is 
derived from the student teaching system.

Blinding
To eliminate subjective bias induced by knowing stu-
dents’ groups during scoring, the examiners who scored 
using the global rating scale did not engage in VR teach-
ing activities in the first trial. To eliminate artificial sub-
jective bias in the process, we employed questionnaires 
to follow up and gather internship and OSCE scores in 
the follow-up research. The study’s existence, much alone 
the categorization of students, was unknown to depart-
mental practice examiners and OSCE examiners.

Randomization
A random number table was used to construct a random 
allocation sequence. The VR and control groups were 
assigned to the participants using a sequence. The students 
practiced tendon repair on a synthetic model for the test. 
One of the two groups was allocated to each participant at 
random. The long-term follow-up study was divided into 
groups based on the initial research’s categorization.

Statistics
SPSS version 26.0 software was used for statistical 
analysis. The Baseline and questionnaire results were 
compared by means of SPSS average analysis. When 
determining whether the data were in accordance 
with a normal distribution, the Kolmogorov-Smirnova 
technique revealed that variables in questionnaire and 
consultation, Four puncture procedures (FPP), Cardio-
pulmonary dummy examination (CDE), Skin prepara-
tion and draping (SPD), Suturing and knotting (SK), 
cardiopulmonary resuscitation in OSCE were not. 
Consequently, the Mann–Whitney test was used in the 
data processing. The remaining data were processed in 
accordance with Levene’s test, and it was discovered 
that the variance was homogenous, thus an independ-
ent sample T test was carried out. The difference was 
statistically significant when the P value was less than 
0.05. The practice and OSCE results are presented in 
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the "Results" section as (experimental group minus 
control group SD, P value). Some of the results were 
graphed using GraphPad Prism 8 in the form of a bar 
chart.

Results
From August 1st to August 30th in 2021, the Medical 
College of Jinan University issued a follow-up invita-
tion to 117 participants who had participated in and 
completed the initial study. Five participants in the VR 

group did not respond to the follow-up invitation, three 
participants withdrew from the follow-up study for per-
sonal reasons; and one participant in the control group 
withdrew from the follow-up study for personal reasons. 
After signing the informed consent form for the follow-
up study, all the participants provided the researchers 
with their clinical practice scores in 6 surgical depart-
ments during the one-year clinical practice and their 
OSCES16 (OSCE score at 16 stations) on the fifth-year 
graduation examination (Fig. 1). At the same time, all the 

Fig. 3  A-B: Surgical internship results; (C-D): Objective structure clinical examination scores. FPP: Four puncture procedures; MCA: Medical case 
analysis; CDE: Cardiopulmonary dummy examination; WSCG: Wearing surgical clothes and gloves; SPD: Skin preparation and draping; SK: Suturing 
and knotting; SHC: Surgical history collection; GHC: Gynecological history collection; PGDE: Pediatric growth and development evaluation; PHC: 
Pediatric history collection; ns: not significant
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participants were required to complete a follow-up ques-
tionnaire jointly developed by the author and the faculty 
of the Medical College of Jinan University. After exclud-
ing those who were lost to follow-up, we compared the 
age, gender and undergraduate average scores of the two 
groups and found no significant differences (p > 0.05) 
(Table 1).

Questionnaire results
As shown in Table 2, when answering the item “strength-
ened my determination to be a doctor after my intern-
ship”, 28 students (52.8%) in the VR group gave a positive 
response, while 17 students (30.9%) in the control group 
gave a positive response. The difference was statistically 
significant (p < 0.05). In response to the item “I will habit-
ually review the relevant knowledge of the internship 
department during the internship”, 18 (33.9%) students 
in the VR group gave a positive response, while 9 (16.3%) 
students in the control group gave a positive response. 
The difference was statistically significant (p < 0.05). The 
differences between the groups in their responses to the 
other 6 questions were not statistically significant.

Surgical internship results
The total score for clinical practice in the VR group was 
better than that in the control group, and the difference 
was statistically significant (5.95 ± 1.99, p < 0.05)(Fig. 3B). 
As shown in Fig. 3A, the rotational internship scores of 
the VR group in urology (2.57 ± 0.92, p < 0.05) and ortho-
pedics (1.76 ± 0.96, p < 0.01) were higher than those of 
the control group, and the difference was statistically sig-
nificant. The rotational internship score of the VR group 
in gastrointestinal surgery (-0.51 ± 0.67, p = 0.069) was 
higher than that of the control group, while the control 
group scored better than the VR group in breast surgery 
(4.65 ± 0.92, p = 0.450), cardiac surgery (-1.28 ± 0.83, 
p = 0.124) and thoracic surgery (-1.24 ± 0.77, p = 0.111). 
However, the differences were not statistically significant.

OSCE scores
The statistical findings and participants’ overall scores 
from the OSCES16 are shown in Figs. 3C and 3D. Com-
pared to the control group, the VR group performed 
somewhat better on average, but the difference was not 

statistically significant (9.37 ± 5.70, p = 0.103). The scores 
for physical examination (3.30 ± 1.55, p < 0.05), sutur-
ing and knotting (3.87 ± 1.15, p < 0.01) and image read-
ing (3.43 ± 1.59, p < 0.05) were higher in the VR group 
than in the control group, and the difference was sta-
tistically significant. The scores for medical case analy-
sis, wearing surgical clothes and gloves, surgical history 
collection, extrapelvic palpation and gynecological his-
tory collection were higher in the VR group than in the 
control group, but the difference was not statistically 
significant. We were shocked to find that the control 
group had higher test scores for the FPP than the VR 
group did (-1.80 ± 0.80, p < 0.05), and the difference was 
statistically significant. The performance of the control 
group was better than that of the VR group in consulta-
tion (-1.36 ± 1.89, p = 0.471), cardiopulmonary dummy 
examination (-1.86 ± 2.25, p = 0.410), skin preparation 
and draping (p = 0.503), dressing change (-0.28 ± 2.00, 
p = 0.890), pediatric growth and development evalua-
tion (-0.25 ± 1.62, p = 0.877), pediatric history collection 
(-1.53 ± 1.30, p = 0.243) and cardiopulmonary resuscita-
tion (-0.75 ± 0.69, p = 0.282). However, the differences 
were not statistically significant.

Discussion
The learning system itself, especially in medical learning, 
is extremely complex. Studies have shown that a skill will 
decline completely after 6 to 18 months without repeated 
practice to strengthen memory [34–36]. For the individ-
ual medical student, the ultimate goal of undergraduate 
education is not to complete the indicators of teaching 
content in medical theoretical knowledge and practical 
operation but to cultivate an appropriate learning mode 
[37].Only an efficient and active learning model can ena-
ble medical students to learn continuously and effectively 
in the face of the dynamic development of their subject 
knowledge after choosing their future clinical depart-
ment direction [37, 38]. Hence, we do not propose to test 
individual skill development by recurrent tendon sutur-
ing throughout a one-year long-term follow-up in order 
to ascertain the long-term impacts of short-term VR sim-
ulation learning. Instead, as a complement to the subjec-
tive survey, we want to investigate the long-term effects 
of VR simulation training on the learning style of medi-
cal students. To do this, we will use practice assessments, 

Table 1  Baseline characteristics

Characteristics VR group (N = 53) Control group (N = 55) Total (N = 108) P value

Age(mean ± SD, range) 23.98 ± 1.01(22–27) 24.07 ± 0.98(22–26) 24.03 ± 0.99(22–27) 0.633

Gender(male:female) 31:22 23:32 54:54 0.085(male)

Grade point average(mean ± SD) 3.14 ± 0.44 3.01 ± 0.54 3.08 ± 0.50 0.186
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OSCE exams, and development questionnaires.The one-
year internship experience is the first time medical stu-
dents can transform medical knowledge from written 
learning to clinical application. Clinical study in this year 
affects the future clinical direction of medical students, 
initially establishes the clinical communication model 
and shapes students’ empathy toward patients [39]. We 
used an expert opinion development questionnaire to 
understand the subjective evaluation of the clinical prac-
tice effect of the medical students in different groups. The 
results show that the medical students who experienced 
VR simulation had more firm career choices and took the 
initiative to review the relevant theoretical knowledge 
in the process of department rotation. In addition to the 

subjective evaluation of the students, we also compared 
the subjective scores from their teachers and found that 
the total score for surgical internship of the medical stu-
dents in the VR simulation group was better than that of 
the control group, and the differences between the groups 
in urology and orthopedics were statistically significant. 
The results of this comparison are encouraging because 
compared with passive knowledge acquisition, problem-
based active learning can improve the transformation of 
knowledge from book learning to clinical application and 
increase the motivation of self-instruction [34, 40]. The 
formation of a positive feedback closed loop of the learn-
ing model can lead to a better learning experience.

Table 2  Questionnaire results

Strongly disagree 
N(%)

Disagree N(%) Neutral N(%) Agree N(%) Strongly agree 
N(%)

1. The experience of internship strengthened my determination to be a doctor

  VR group 6 (11.3) 6 (11.3) 13 (24.5) 24 (45.3) 4 (7.5) P = 0.044

  Control group 15 (27.3) 6 (10.9) 17 (30.9) 10 (18.2) 7 (12.7)

Total 21 (19.4) 12 (11.1) 30 (27.8) 34 (31.5) 11 (10.2)

2. The internship experience has a great influence on the choice of my department

  VR group 15 (28.3) 4 (7.5) 7 (13.2) 17 (32.1) 10 (18.9) P = 0.657

  Control group 13 (23.6) 8 (14.5) 14 (25.5) 9 (16.4) 11 (20)

Total 28 (25.9) 12 (11.1) 21 (19.4) 26 (24.1) 21 (19.4)

3. I will habitually review the relevant knowledge of the internship department during the internship

  VR group 0 (0.0) 14 (26.4) 21 (39.6) 14 (26.4) 4 (7.5) P = 0.034

  Control group 6 (10.9) 14 (25.5) 26 (47.3) 7 (12.7) 2 (3.6)

Total 6 (5.6) 28 (25.9) 47 (43.5) 21 (19.4) 6 (5.6)

4. The experience of internship can help me understand book theory better

  VR group 0 (0.0) 6 (11.3) 13 (24.5) 16 (30.2) 18 (34.0) P = 0.523

  Control group 0 (0.0) 9 (16.4) 15 (27.3) 13 (23.6) 18 (32.7)

Total 0 (0.0) 15 (13.9) 28 (25.9) 29 (26.9) 36 (33.3)

5. I had a lot of opportunities to get started and learned a lot of knowledge that was not available in books during the internship

  VR group 2 (3.8) 9 (17) 13 (24.5) 19 (35.8) 10 (18.9) P = 0.722

  Control group 2 (3.6) 7 (12.7) 18 (32.7) 21 (38.2) 7 (12.7)

Total 4 (3.7) 16 (14.8) 31 (28.7) 40 (37.0) 17 (15.7)

6. I tried my best to seize the opportunity of hands-on operation during the internship

  VR group 1 (1.9) 8 (15.1) 24 (45.3) 17 (32.1) 3 (5.7) P = 0.302

  Control group 2 (3.6) 16 (29.1) 18 (32.7) 14 (25.5) 5 (9.1)

Total 3 (2.8) 24 (22.2) 42 (38.9) 31 (28.7) 8 (7.4)

7. I can handle the relationship between me and my classmates, teachers and nurses very well during the internship

  VR group 2 (3.8) 13 (24.5) 13 (24.5) 19 (35.8) 6 (11.3) P = 0.363

  Control group 4 (7.3) 10 (18.2) 11 (20.0) 18 (32.7) 12 (21.8)

Total 6 (5.6) 23 (21.3) 24 (22.2) 37 (34.3) 18 (16.7)

8. It is also interesting to write medical records, write doctor’s orders and change dressing during the internship

  VR group 9 (17.0) 21 (39.6) 15 (28.3) 7 (13.2) 1 (1.9) P = 0.142

  Control group 6 (10.9) 21 (38.2) 12 (21.8) 10 (18.2) 6 (10.9)

Total 15 (13.9) 43 (38.9) 27 (25.0) 17 (15.7) 7 (6.5)
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At present, the OSCE is widely used to evaluate the 
clinical operation ability of clinical medical staff and 
medical students [41]. It is a comprehensive ability evalu-
ation method that pays equal attention to knowledge, 
skills and clinical attitude [33]. There was no significant 
difference between the two groups in the total OSCES16, 
but the physical examination, suturing and knotting and 
image reading scores were higher in the VR group than 
in the control group, and the difference was statistically 
significant. Additionally, we think that students’ perfor-
mance in the VR group is not any better than that of the 
control group since they lack the means and resources 
for future VR practice and other clinical procedures 
in the research. This result does not show that the VR 
simulation intervention brought significant learning pat-
tern optimization to the participants in the experimen-
tal group, but we have reason to believe that it may act 
as a process of iterative reinforcement in the nonlinear 
dynamics. Within nonlinear dynamics systems, output 
is normally not proportional to input, which shows the 
sensitivity of the system to initial conditions [42–45]. In 
other words, a little change in the conditions at the begin-
ning may have a huge impact on the results over a long 
period of development. The traditional medical teach-
ing mode emphasizes the completion of learning tasks 
while neglecting the importance of timely feedback in 
the learning process. The VR simulation teaching mode 
can provide timely and effective feedback for every learn-
ing behavior and improve students’ self-guidance in the 
learning process. Additionally, VR simulation adds the 
mechanism of learning task decomposition and visuali-
zation of learning content to change students’ cognition 
of the learning mode [46]. Therefore, in times of network 
information and the development of science and technol-
ogy, modern learning needs to not only attach impor-
tance to the cultivation of ability but also strengthen 
learners’ positive emotional experience to enable them to 
obtain a positive learning mentality [47].

In contrast to conventional tendon repair techniques, 
learning tendon suturing using a VR simulator greatly 
improved movement time, process, and procedural 
knowledge, according to the results of our first research. 
Despite having higher clinical practice test scores during 
our extended follow-up, students in the VR group, this 
outcome was not clearly reflected in the OSCE exam. We 
think that VR aided teaching has an instant improved 
impact on teaching quality compared to our first inter-
vention trial and follow-up. However, following the first 
research, the school was unable to offer resources and 
channels for VR aided learning in interdisciplinary learn-
ing due to a lack of funding and the inadequate support of 
VR in undergraduate education of medical students. As a 

consequence, the subsequent interdisciplinary evaluation 
did not accurately represent this instant improvement.

It has been consistently shown that VR-assisted teach-
ing helps enhance the quality of instant instruction in the 
clinical medical area. For example, in the field of surgical 
medicine, VR is currently used for a variety of purposes, 
including the exploration of potential new surgical plans 
[48], the design of surgical plans prior to surgery [49], the 
improvement of clinicians’ operational skills and the reduc-
tion of the surgical learning curve [50], the direction of 
patients during postoperative repair [51, 52], etc. Despite 
the positive outcomes in the aforementioned areas, creat-
ing certain unique therapeutic situations demands a signifi-
cant financial commitment owing to the high cost of VR 
learning and the complicated and variable clinical scenarios 
[53]. High-quality studies that assess the advantages of the 
significant capital expenditure and clinical return brought 
on by the uniqueness of such application situations are still 
lacking as of this writing [54]. Pre-clinical training that may 
be repeated is a more economical use for VR than clinical 
training, including medical students’ undergraduate educa-
tion. VR may help with immersive learning in the COVID-
19 outbreak by making up for the absence of interactive 
learning and immediate feedback on experience [55, 56]. 
The use of VR aided teaching models as standard teaching 
strategies may be possible in the future with the promotion 
of VR, the lowering of VR use costs, and the investment of 
VR-related education funding. Without the influence of 
quick promotion, we will then be able to evaluate the long-
term effects of VR supported education on the learning 
habits of undergraduate medical students and potentially 
their future professions.

Through the first study experiment, we discovered that 
VR instruction of tendon suturing increase the level of 
medical students in terms of movement time, operation 
procedure, and procedural knowledge. Long-term fol-
low-up revealed that students in the experimental group 
had a superior future surgical clinical practice and OSCE 
score after experiencing VR education, which might be 
due to a new teaching experience gradually influencing 
their learning style and process. As a result, VR teaching 
should be included into the learning process of under-
graduate clinical courses, not only for the instruction of 
tendon suture but also as an auxiliary teaching tool to run 
through the whole learning process of clinical courses as 
far as feasible, if situations permit.

Limitation
First, individuals in this curriculum are required to 
do a one-year hospital internship after their theo-
retical coursework. This finding may not be relevant 
to the teaching model in other nations as this is the 
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clinical medicine teaching paradigm in China. Second, 
the results of this research have certain limitations since 
the VR Achilles tendon rehabilitation teaching interven-
tion approach used in this study did not include other 
therapeutic disciplines. Thirdly, participant performance 
in future clinical trial rotations and OSCE evaluations 
were the key criteria used to evaluate the long-term fol-
low-up of this investigation. As a single intervention in a 
VR teaching mode, the intervention may not have been 
strong enough to completely rule out the impact of cer-
tain unidentified elements in the participants’ later learn-
ing. Multidisciplinary VR educational interventions are 
recommended. Fourthly, there are just a few individuals 
in this single-center research. More prospective trials will 
be required in the future to investigate the usefulness of 
VR simulation in medical instruction.

Conclusion
The results of the one-year long-term follow-up showed 
that medical students who had exposure to the VR teach-
ing mode exhibited more steadfast career pursuit and a 
propensity to engage in active learning, as well as receiv-
ing higher instructor ratings throughout the surgical clin-
ical practice phase. Meanwhile, the VR teaching mode 
may help medical students perform better on the OSCE 
in the areas of physical examination. In the study of non-
linear dynamics to cultivate a good learning model for 
medical students, the VR teaching model is expected to 
become an effective and stable initial sensitive element.

Abbreviations
VR: virtual reality; OSCE: Objective Structure Clinical Examination; GPA: Grade 
Point Average; EULAR: European League Against Rheumatism; OSCES16: 
OSCE score at 16 stations; FPP: Four puncture procedures; MCA: Medical case 
analysis; CDE: Cardiopulmonary dummy examination; WSCG: Wearing surgical 
clothes and gloves; SPD: Skin preparation and draping; SK: Suturing and knot‑
ting; SHC: Surgical history collection; GHC: Gynecological history collection; 
PGDE: Pediatric growth and development evaluation; PHC: Pediatric history 
collection.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12909-​022-​03992-6.

Additional file 1: Table S1. Presents the specific teaching situation of 
experimental group and control group in the initial study.

Acknowledgements
Many thanks to all the Jinan University medical students who took part in the 
preliminary research and long-term follow-up.

Authors’ contributions
WG,TNM designed the study and wrote the manuscript. JC and GS reviewed 
the risk of bias of the studies and the manuscript. HW extracted the data from 
the studies. HL did a statistical analysis and interpreted the results. JL, ZZ and XZ 
supervised the entire study. The author(s) read and approved the final manuscript.

Funding
No funding in this follow-up.

Availability of data and materials
On reasonable request, we agree to get data for this research by contacting 
the corresponding author.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki, and 
approved by the Ethics Committee of the First Affiliated Hospital of Jinan Uni‑
versity ( Chinese Clinical Trial Registry ChiCTR2100046648 ) and is registered 
in the China Clinical Trial Registration Center (Registration number: Chinese 
Clinical Trial Registry(25/05/2021, ChiCTR2100046648),full trial protocol can 
be accessed at http://​www.​chictr.​org.​cn/​hvsho​wproj​ect.​aspx?​id=​90180. All 
participants gave informed consent for the follow-up study.

Consent for publication
Participants have provided their agreement for the data to be published from 
the main study and the long-term follow-up.

Competing interests
The authors declare no conflict of interest.

Author details
1 Institute of Orthopedics Diseases and Center for Joint Surgery and Sports 
Medicine The First Affiliated Hospital of Jinan University, Guangzhou, China. 
2 Department of orthopedics, General Hospital of Chinese PLA, No 28 Fuxing 
Road, 100853 Beijing, China. 

Received: 17 September 2022   Accepted: 27 December 2022

References
	1.	 Sattar MU, Palaniappan S, Lokman A, Hassan A, Shah N, Riaz Z. Effects 

of virtual reality training on medical students’ learning motivation and 
competency. Pak J Med Sci. 2019;35(3):852–7.

	2.	 Kyaw BM, Saxena N, Posadzki P, Vseteckova J, Nikolaou CK, George PP, 
Divakar U, Masiello I, Kononowicz AA, Zary N, et al. Virtual reality for health 
professions education: systematic review and meta-analysis by the digital 
health education collaboration. J Med Internet Res. 2019;21(1):e12959.

	3.	 Lohre R, Bois AJ, Pollock JW, Lapner P, McIlquham K, Athwal GS, Goel DP. 
Effectiveness of immersive virtual reality on orthopedic surgical skills and 
knowledge acquisition among senior surgical residents: a randomized 
clinical trial. JAMA Netw Open. 2020;3(12):e2031217.

	4.	 Strandbygaard J, Bjerrum F, Maagaard M, Winkel P, Larsen CR, Ringsted 
C, Gluud C, Grantcharov T, Ottesen B, Sorensen JL. Instructor feedback 
versus no instructor feedback on performance in a laparoscopic virtual 
reality simulator: a randomized trial. Ann Surg. 2013;257(5):839–44.

	5.	 Ende J. Feedback in clinical medical education. JAMA. 
1983;250(6):777–81.

	6.	 Choi KS, Sun H, Heng PA. An efficient and scalable deformable 
model for virtual reality-based medical applications. Artif Intell Med. 
2004;32(1):51–69.

	7.	 Blumstein G, Zukotynski B, Cevallos N, Ishmael C, Zoller S, Burke Z, Clark‑
son S, Park H, Bernthal N, SooHoo NF. Randomized trial of a virtual reality 
tool to teach surgical technique for tibial shaft fracture intramedullary 
nailing. J Surg Educ. 2020;77(4):969–77.

	8.	 Araujo SE, Delaney CP, Seid VE, Imperiale AR, Bertoncini AB, Nahas SC, 
Cecconello I. Short-duration virtual reality simulation training positively 
impacts performance during laparoscopic colectomy in animal model: 
results of a single-blinded randomized trial: VR warm-up for laparoscopic 
colectomy. Surg Endosc. 2014;28(9):2547–54.

	9.	 Grossberg S. The embodied brain of SOVEREIGN2: from space-variant 
conscious percepts during visual search and navigation to learning 
invariant object categories and cognitive-emotional plans for acquiring 
valued goals. Front Comput Neurosci. 2019;13:36.

https://doi.org/10.1186/s12909-022-03992-6
https://doi.org/10.1186/s12909-022-03992-6
http://www.chictr.org.cn/hvshowproject.aspx?id=90180


Page 11 of 12Gan et al. BMC Medical Education            (2023) 23:3 	

	10.	 Shi J, Cavagnaro MJ, Xu S, Zhao M. The application of three-dimensional 
technologies in the improvement of orthopedic surgery training and 
medical education quality: a comparative bibliometrics analysis. Front 
Bioeng Biotechnol. 2022;10:852608.

	11.	 Makransky G, Mayer RE. Benefitsof taking a virtual field trip in immersive 
virtual reality: evidence for theimmersion principle in multimedia learn‑
ing. Educ Psychol Rev. 2022;34:1771.

	12.	 Kim YJ, Ahn SY. Factorsinfluencing nursing students’ immersive virtual reality 
media technology-basedlearning. Sensors (Basel). 2021;21(23):8088.

	13.	 Vignais N, Kulpa R, Brault S, Presse D, Bideau B. Which technology to 
investigate visual perception in sport: video vs. virtual reality. Hum Mov 
Sci. 2015;39:12–26.

	14.	 Nam K, Dutt CS, Baker J. Authenticity in objects and activities: deter‑
minants of satisfaction with virtual reality experiences of heritage and 
non-heritage tourism sites. Inf Syst Front 2022:1–19.

	15.	 Tel A, Bagatto D, Costa F, Sembronio S, Robiony M. Anatomical computer‑
ized exploration to excise malignancies in deep facial compartments: an 
Advanced virtual reality protocol for a tailored surgical approach. Front 
Oncol. 2022;12:875990.

	16.	 Gao S, He T, Zhang Z, Ao H, Jiang H, Lee C. A motion capturing and 
energy harvesting hybridized lower-limb system for rehabilitation and 
sports applications. Adv Sci (Weinh). 2021;8(20):e2101834.

	17.	 Cross JI, Boag-Hodgson C, Ryley T, Mavin T, Potter LE. Using extended 
reality in flight simulators: a literature review. IEEE Trans Vis Comput Graph 
2022, pp 10. https://​doi.​org/​10.​1109/​TVCG.​2022.​31739​21.

	18.	 Mok TN, Chen J, Pan J, Ming WK, He Q, Sin TH, Deng J, Li J, Zha Z. Use of a 
virtual reality simulator for tendon repair training: randomized controlled 
trial. Jmir Serious Games. 2021;9(3):e27544.

	19.	 Chong JH, Chahal C, Gupta A, Ricci F, Westwood M, Pugliese F, Petersen 
SE, Khanji MY. COVID-19 and the digitalisation of cardiovascular training 
and education-a review of guiding themes for equitable and effective 
post-graduate telelearning. Front Cardiovasc Med. 2021;8:666119.

	20.	 Moll-Khosrawi P, Falb A, Pinnschmidt H, Zollner C, Issleib M. Virtual reality 
as a teaching method for resuscitation training in undergraduate first 
year medical students during COVID-19 pandemic: a randomised con‑
trolled trial. BMC Med Educ. 2022;22(1):483.

	21.	 Nasir MU, Majid Z, Shahzad Z. Virtual reality - a means to train surgeons of 
tomorrow amidst Covid-19. J Pak Med Assoc. 2022;72(4):797.

	22.	 Wu Q, Wang Y, Lu L, Chen Y, Long H, Wang J. Virtual simulation in under‑
graduate medical education: a scoping review of recent practice. Front 
Med (Lausanne). 2022;9:855403.

	23.	 Kuhn S, Huettl F, Deutsch K, Kirchgassner E, Huber T, Kneist W. Surgical 
education in the digital age - virtual reality, augmented reality and robot‑
ics in the medical school. Zentralbl Chir. 2021;146(1):37–43.

	24.	 Sultan L, Abuznadah W, Al-Jifree H, Khan MA, Alsaywid B, Ashour F. An 
experimental study on usefulness of virtual reality 360 degrees in under‑
graduate medical education. Adv Med Educ Pract. 2019;10:907–16.

	25.	 Kockro RA, Amaxopoulou C, Killeen T, Wagner W, Reisch R, Schwandt E, 
Gutenberg A, Giese A, Stofft E, Stadie AT. Stereoscopic neuroanatomy 
lectures using a three-dimensional virtual reality environment. Ann Anat. 
2015;201:91–8.

	26.	 Rojas-Sanchez MA, Palos-Sanchez PR, Folgado-Fernandez JA. Systematic 
literature review and bibliometric analysis on virtual reality and educa‑
tion. Educ Inf Technol (Dordr) 2022:1–38.

	27.	 Campbell ST, Chan JY, Gardner MJ, Bishop JA. Optimizing the orthopae‑
dic medical student rotation: keys to success for students, faculty, and 
residency programs. J Am Acad Orthop Surg. 2019;27(15):542–50.

	28.	 Balmer DF, Teunissen PW, Devlin MJ, Richards BF. Stability and change 
in the journeys of medical trainees: a 9-year, longitudinal qualitative 
study. Acad Med. 2021;96(6):906–12.

	29.	 Campwala I, Aranda-Michel E, Watson GA, Hamad GG, Losee JE, Kilic A, 
Sultan I. Impact of a surgical subspecialty roundtable on career percep‑
tion for preclerkship medical students. J Surg Res. 2021;259:493–9.

	30.	 Leong SL, Gillespie C, Jones B, Fancher T, Coe CL, Dodson L, Hunsaker 
M, Thompson BM, Dempsey A, Pallay R, et al. Accelerated 3-year MD 
pathway programs: graduates’ perspectives on education quality, the 
learning environment, residency readiness, debt, burnout, and career 
plans. Acad Med. 2022;97(2):254–61.

	31.	 Russel SM, Geraghty JR, Renaldy H, Thompson TM, Hirshfield LE. 
Training for professional uncertainty: socialization of medical 

students through the residency application process. Acad Med. 
2021;96(11S):144–50.

	32.	 van der Heijde D, Aletaha D, Carmona L, Edwards CJ, Kvien TK, Kou‑
loumas M, Machado P, Oliver S, de Wit M, Dougados M. 2014 update 
of the EULAR standardised operating procedures for EULAR-endorsed 
recommendations. Ann Rheum Dis. 2015;74(1):8–13.

	33.	 Harden RM, Stevenson M, Downie WW, Wilson GM. Assessment of 
clinical competence using objective structured examination. Br Med J. 
1975;1(5955):447–51.

	34.	 Malau-Aduli BS, Lee AY, Cooling N, Catchpole M, Jose M, Turner R. 
Retention of knowledge and perceived relevance of basic sciences in 
an integrated case-based learning (CBL) curriculum. BMC Med Educ. 
2013;13:139.

	35.	 Gallagher AG, Ritter EM, Champion H, Higgins G, Fried MP, Moses G, 
Smith CD, Satava RM. Virtual reality simulation for the operating room: 
proficiency-based training as a paradigm shift in surgical skills training. 
Ann Surg. 2005;241(2):364–72.

	36.	 Ericsson KA. Deliberate practice and the acquisition and maintenance 
of expert performance in medicine and related domains. Acad Med. 
2004;79(10 Suppl):70–81.

	37.	 Miller CJ, Metz MJ. A comparison of professional-level faculty and 
student perceptions of active learning: its current use, effectiveness, 
and barriers. Adv Physiol Educ. 2014;38(3):246–52.

	38.	 Prince K, Van de Wiel M, Van der Vleuten C, Boshuizen H, Scherpbier A. 
Junior doctors’ opinions about the transition from medical school to 
clinical practice: a change of environment. Educ Health (Abingdon). 
2004;17(3):323–31.

	39.	 Dyer E, Swartzlander BJ, Gugliucci MR. Using virtual reality in medical 
education to teach empathy. J Med Libr Assoc. 2018;106(4):498–500.

	40.	 Norman GR, Schmidt HG. The psychological basis of problem-based 
learning: a review of the evidence. Acad Med. 1992;67(9):557–65.

	41.	 Peggy AS, Lauren MM, Doreen MO, Latha C. Preclinicalsimulation train‑
ing of medical students results in better procedural skillsperformance 
in end of the year three objective structured clinical evaluationassess‑
ments. Medical Sci Educator. 2017;27(1):89.

	42.	 Seely AJ, Christou NV. Multiple organ dysfunction syndrome: explor‑
ing the paradigm of complex nonlinear systems. Crit Care Med. 
2000;28(7):2193–200.

	43.	 Lombardi F. Chaos theory, heart rate variability, and arrhythmic mortal‑
ity. Circulation. 2000;101(1):8–10.

	44.	 Lewin R: Complexity: life at the edge of chaos. 2nd ed. edition. Chi‑
cago, Ill.: University of Chicago Press; 1999.

	45.	 Williams GP. Chaos theory tamed. Washington, D.C.: Joseph Henry 
Press; 1997.

	46.	 Sapkaroski D, Baird M, Mundy M, Dimmock MR. Quantification of 
student radiographic patient positioning using an immersive virtual 
reality simulation. Simul Healthc. 2019;14(4):258–63.

	47.	 Wulf G, Shea C, Lewthwaite R. Motor skill learning and performance: a 
review of influential factors. Med Educ. 2010;44(1):75–84.

	48.	 Scherschinski L, McNeill IT, Schlachter L, Shuman WH, Oemke H, Yaeger 
KA, Bederson JB. Augmented reality-assisted microsurgical resection of 
brain arteriovenous malformations: illustrative case. J Neurosurg Case 
Lessons. 2022;3(25):E21135.

	49.	 Liu J, Li X, Leng X, Zhong B, Liu Y, Liu L. Effect of 3D slicer preoperative 
planning and intraoperative guidance with mobile phone virtual real‑
ity technology on brain glioma surgery. Contrast Media Mol Imaging. 
2022;2022:9627663.

	50.	 Howard KK, Makki H, Novotny NM, Mi M, Nguyen N. Value of robotic 
surgery simulation for training surgical residents and attendings: a sys‑
tematic review protocol. BMJ Open. 2022;12(6):e59439.

	51.	 Zhu B, Zhou Y, Weng Q, Luo W, He X, Jin L, Wang Q, Gao B, Harb A, Wang 
J. Effects of biophilic virtual reality on cognitive function of patients 
undergoing laparoscopic surgery: study protocol for a sham randomised 
controlled trial. BMJ Open. 2022;12(7):e52769.

	52.	 Tokgoz P, Stampa S, Wahnert D, Vordemvenne T, Dockweiler C. Virtual 
reality in the rehabilitation of patients with injuries and diseases of upper 
extremities. Healthcare (Basel). 2022;10(6):1124.

	53.	 Nelson JA, Allen RJ, Rosen EB, Matros E. Cost-effectiveness and virtual sur‑
gical planning in head and neck reconstruction: measuring what matters 
most. Plast Reconstr Surg. 2021;147(6):1091e–2e.

https://doi.org/10.1109/TVCG.2022.3173921


Page 12 of 12Gan et al. BMC Medical Education            (2023) 23:3 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	54.	 Garcia-Testal A, Martinez-Olmos FJ, Gil-Gomez JA, Villalon-Coca J, 
Ortiz-Ramon R, Cana-Poyatos A, Garcia-Maset R, Segura-Orti E. Impact 
of an intradialysis virtual-reality-based exercise program on health‑
care resources expenditure: a micro-costing analysis. BMC Nephrol. 
2022;23(1):230.

	55.	 Chick RC, Clifton GT, Peace KM, Propper BW, Hale DF, Alseidi AA, Vreeland 
TJ. Using technology to maintain the education of residents during the 
COVID-19 pandemic. J Surg Educ. 2020;77(4):729–32.

	56.	 Ball C, Huang KT, Francis J. Virtual reality adoption during the COVID-
19 pandemic: a uses and gratifications perspective. Telemat Inf. 
2021;65:101728.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Researching the application of virtual reality in medical education: one-year follow-up of a randomized trial
	Abstract 
	Background: 
	Method: 
	Results: 
	Conclusion: 
	Trial registration: 

	Introduction
	Method
	Participants
	Inclusion criteria
	Exclusion criteria

	Intervention
	Initial study
	Follow-up study

	Questionnaire design
	Surgical internship evaluation
	Objective structure clinical examination
	Blinding
	Randomization
	Statistics

	Results
	Questionnaire results
	Surgical internship results
	OSCE scores

	Discussion
	Limitation

	Conclusion
	Acknowledgements
	References


