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Abstract

Background: To investigate the effect of virtual simulation systems on the teaching of inlay experiments and to
guide the experimental teaching of tooth preparation.

Methods: Participants in their second semester of the junior year were selected to carry out the unified teaching
and evaluation of dental preparation theory. The age varied from 18 to 22 years (19.96 4 0.70) and the participants
were randomly divided into four groups (n = 19) with a similar male-to-female ratio following CONSORT guidelines,
including a jaw simulation model training group (Group J), a virtual simulation system training group (Group V), a jaw
model training first followed by a virtual system training group (Group J-V), and a virtual system followed by a jaw
model training group (Group V-J). The inlay tooth preparation assessment was performed on the extracted teeth. The
data were analysed according to the assessment scores by a senior clinician. The subjective feelings of the students
towards the system were evaluated using questionnaires.

Results: The second theoretical scores of Group V-J (63.5 & 2.89) and Group J-V (60.5 = 3.25) were higher than those
of Group V (57.5 £ 3.13) and Group J (58.0 = 3.67). The experimental scores of Groups J-V and V-J (62.79 & 2.84; 64.00
=+ 2.85) were higher than those of Groups V and J (56.05 & 3.39; 55.74 = 2.53). The questionnaire survey illustrated
that most students preferred the digital virtual simulation system (perfect assessment: 91.3%, accuracy: 82.6%, satis-
faction: 52.2%).

Conclusion: Virtual simulation training can facilitate the teaching effect of tooth preparation in inlay experiments,
and the teaching mode of Group V-J was the best. Therefore, this teaching mode is to be popularised.
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Introduction

Dental education, based on its special practicality and
strong operability, requires qualified preclinical training
and assessment of practitioners. Preclinical training can
provide timely feedback on the learning level of students
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dental operative skills, such as adjusting the patient’s
chair position, applying basic dental examination instru-
ments, selecting and applying fulcrums, and performing
dental preparation and restoration on jaw models in sim-
ulation exercises. However, this method, which is more
time-consuming and expensive with few models, cannot
simulate the common and difficult cases in the clinical
practice of real situations [3-6].

The virtual simulation system can remedy the defects
of the jaw model and considerably meet the training
requirements. Through the interaction between individu-
als and the scene generated by computers, the operators
can effectively interact with the 3D computer database
in real-time, stimulate visual, auditory, tactile, and other
sensory modes [7, 8], and carry out learning and train-
ing. Practice-based on the virtual simulation system can
reduce experimental materials, provide more training
models to simulate clinical cases [9, 10], offer new ideas
for preclinical training, and open up new opportunities
for experimental teaching [11, 12]. Currently, the vir-
tual simulation system is widely used in oral preclinical
training teaching. It is widely applied in oral histopathol-
ogy interactive digital slice reading, nerve block anesthe-
sia teaching in oral surgery, the experimental teaching
of tooth preparation and restoration, and various cavity
preparation and pulpotomy treatment for dental pulp
diseases [11, 13]. Further, it has been applied for the
digital treatment of periodontal system sequence and
the experimental teaching of the dental implants [14].
A representative study has evaluated the effect of using
virtual reality (VR) in the endodontic curriculum for
teaching root canal anatomy to third-year undergradu-
ate students. It has been observed that VR has consider-
able advantages over three-dimensional reconstructions
and two-dimensional radiographs when teaching root
canal anatomy, and students are pleased with the devel-
opment [15]. Additionally, studies on the contribution
of VR to the conventional analogic training environment
have revealed the complementarity of conventional tech-
niques and VR in the learning of dental students [16].
Zafar S et al. [17] have found that participants feel more
comfortable with Simodont for practical exercises and
have suggested that Simodont can be used as an adjunct
in training dental students for preclinical paediatric den-
tistry restorative exercises.

An inlay restoration is an aesthetic restoration embed-
ded in the cavity of the teeth and is tailored for the teeth
to restore the morphology and function of the defec-
tive teeth. It is particularly used for the tooth with sig-
nificantly short occlusion—gingiva distance and where a
filling is difficult because of the poor retention form and
resistance form; thus, inlay restoration has broad appli-
cation prospects in the clinic [18, 19]. However, owing
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to the high technical sensitivity of the requirements for
tooth preparation in this process, the majority of doc-
tors do not fully understand the technique. Additionally,
stomatology students do not fully understand this tech-
nique in the experimental teaching of tooth preparation
for inlay restoration. Therefore, stomatology students
need preclinical inlay preparation training. At present,
there is no relevant research report on its application
in the experimental teaching of dental preparation for
inlay restoration. In this study, we aim to determine if
preclinical experimental teaching can be used in a mode
that combines virtual simulation with reality and if they
will complement each other. Additionally, we investi-
gate if the sequence and combination of the two training
methods will be of practical significance in experimental
teaching.

Herein, we applied the virtual simulation system in
the prosthodontics experimental teaching through ran-
domised controlled trials and evaluated the role of the
virtual system in the experimental teaching of dental
preparation for inlay restoration. A questionnaire survey
was conducted to assess the students’ attitude and satis-
faction with the virtual system and the effectiveness of
the system in inlay-preparation-laboratory teaching, with
the aim of guiding the experimental teaching of dental
preparation. This will provide new ideas for expanding
and reforming traditional oral preclinical experimental
teaching and improving its clinical accessibility.

Methods

This study was approved by the Ethics Committee of the
School of Stomatology Lanzhou University (No. LZUKQ-
2019-25), and all students voluntarily participated in the
study and signed the informed consent form (Registra-
tion number: ChiCTR2200057760, date: 16/03/2022). All
experimental protocols involving human subjects were
conducted following the Declaration of Helsinki (2013)
[20].

Participants

Seventy-six undergraduates of the school of stomatology
in their second semester of the junior year were chosen
as the study objects to undertake the unified teaching
and assessment of dental preparation theory. The age
varied from 18 to 22 years, with a roughly 1:1 ratio of
male to female (Mean + SD, 19.96 + 0.70). And there
was no significant difference in age (P > 0.05). Eighty-two
undergraduates were classified into two groups (male/
female) according to gender. Thereafter, 38 students
were randomly selected in each of the two packets using
a random-number table consisting of 76 participants,
which can scientifically draw random sampling. Nota-
bly, the students did not learn periodontology and tooth
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preparation before the experiment to achieve the same
starting point.

Study procedure

Theoretical teaching and grouping

The experimental process is shown in Fig. 1. Partici-
pants received a theoretical lecture on tooth prepa-
ration for inlay restoration, and afterwards, the first

Page 3 of 11

theoretical examination was implemented. The objects
were randomly split into 4 groups, each with 19 vol-
unteers, that is, the virtual simulation system training
group (Group V), jaw model training group (Group J),
jaw model training first followed by virtual simulation
system training group (Group J-V), and virtual simula-
tion system training first followed by jaw model train-
ing group (Group V-J).

Theory teaching

A 4

The first round of theoretical examination

| l

Group V Group J Group J-V Group V-J
: : : l
Virtual Jaw Jaw Virtual
Simulation simulation simulation Simulation
System model model System
training training training training
1h 1h lh 1h

l
Recess
I
xI’ X
Virtual Jaw Virtual Jaw
Simulation simulation Simulation simulation
System model System model
training training training training
1h 1h 1h 1h

extracted teeth preparation

A 4

The second round of the oretical assessment

Fig. 1 Flow chart
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Dental preparation training

Depending on the grouping, the virtual simulation sys-
tem (UniDental-MUO01, UNIDRAW, China) and the
jaw model (Type II, NISSIN, Japan) were employed for
training. Each object using the virtual system received
the scoring report after completing the preparation for
every exercise. An analysis report of one of the sub-
jects in the exercise is shown in Fig. 2. Groups V and ]
received 2 hours of training, while Groups J-V and V-]
received 1 hour of training in a virtual system and jaw
model, respectively. The training was divided into two
phases.
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Dental preparation examination

After the first hour of training, participants took a
10-minute break before the next hour of training. There-
after, the four groups underwent a dental preparation
examination of the extracted first premolar (Fig. 3), and
the results of the preoperative preparation, operative
procedure and dental preparation for the extracted teeth
were scored by a senior clinical faculty. A scanning tech-
nique was employed for a clear form of dental prepara-
tion to observe the effect of dental preparation (Fig. 4);
the scoring standard is shown in Table 1. Then the sec-
ond theoretical test was conducted.

. Cut too much . Cut too little

Buccolingual
direction 1

Buccolingual
direction 2

Buccolingual
direction 3

Buccolingual ‘
direction 4 }

Mesiodistal
direction 1

Mesiodistal
direction 2

Horizontal
direction 1

Scoring items

Comprehensive score

Fig. 2 The report of a subject after preparation and scanning
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Fig. 3 Examination process of extracted teeth and dental bur provided by examination

Fig. 4 Teeth preparation form obtained by scanning technology

Questionnaire survey

A questionnaire was given to all the participants after
the examination. The questionnaire surveyed the degree
of satisfaction and accuracy of the study. Each item was
rated, including ‘Disagree, ‘Partly agree, ‘Agree; and
‘Strongly agree’ (Table 3).

Statistical analysis

Using IBM SPSS statistics software (version 26), One-way
ANOVA was performed on the theoretical scores (twice)
and operational assessment scores for each group, and
two paired-sample T-tests were adopted on the theoreti-
cal scores. Afterwards, subjects subjectively evaluated
the virtual simulation system using a Likert scale.

Results

Results of the first theoretical assessment

An ANOVA was performed, and it showed no significant
difference in the average scores among the V, J, V-], and
J-V groups (54.5 £+ 2.35, 55.2 + 2.21, 56.3 + 4.27, 55.5
+ 1.77, respectively) (P > 0.05) (Figure 5), indicating the
same degree of students’ learning ability after the theo-
retical teaching.

Performance of the second theoretical examination

As shown in Fig. 6, the results of Group V-J (63.5 & 2.89)
and Group J-V (60.5 £ 3.25) were higher than those of
Group V (57.5 & 3.13) and Group J (58.0 £ 3.67), among
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which Group V-] had the best results (P < 0.05) under the
ANOVA method. In addition, there were significant dif-
ferences among the scores of Groups V, V-], and J-V (P
< 0.05). Further, there were significant differences among
the scores of Groups J, V-J, and J-V (P < 0.05). It is not
statistically meaningful among other groups (P > 0.05).
After the operation training, improvement was shown
in the scores of the second theoretical examination

of each group in comparison with the first (Fig. 7), as
determined by a paired-sample T-test, and the scores
of Groups V-] and J-V were significantly improved (P <
0.0001). The operation training significantly promoted
the students’ mastery of theoretical knowledge, and the
teaching effect of the combination of the virtual simula-
tion system and traditional simulation head model was
better in the same period.
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Examination results of extracted teeth preparation

The operational scores are shown in Table 2. As shown
in Fig. 8, the ANOVA among the groups showed that
the training effect of Groups J-V (62.79 £ 2.84) and
V-J (64.00 + 2.85) was significantly higher than other
groups, in which Group V-J was the best (P < 0.05).
There was no significant difference between the Group
J (55.74 £ 2.53) and Group V (56.05 + 3.39) (P > 0.05).

Subjects’ attitude towards the inlay preparation operation
of virtual simulation systems

A Likert scale was adopted by the subjects to subjectively
evaluate the virtual simulation system. Table 3 shows the
percentage of the number of people with different atti-
tudes to the total number. Additionally, Fig. 9 (a), (b), (c),
and (d) use a pie chart to show the proportion of differ-
ent attitude choices in different questions. All study par-
ticipants responded to the questionnaire inquiries. The
questionnaire survey showed that most people think that
the digital virtual simulation system has accurate scores

Fig. 8 Average score of operation assessment of each group
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Fig. 9 The attitude of inlay preparation operation of virtual simulation system. a Digital virtual simulation system is helpful to the improvement of
dental preparation skills. Disagree: 8.7%, partly agree: 39.1%, agree: 34.8%, strongly agree: 17.4%. b Digital virtual simulation system is more difficult
than traditional jaw simulation model training. Disagree: 13%, partly agree:17.4%, agree: 26.1%, strongly agree: 43.5%. ¢ Digital virtual simulation
system scores accurately. Disagree: 8.7%, partly agree: 8.7%, agree: 69.6%, strongly agree:13%. d Digital Virtual Simulation System has perfect
assessment items. Disagree: 0%, partly agree: 8.7%, agree: 87%, strongly agree: 4.3%

[ Strongly agree (%)

87%

and perfect assessment items, which helps improve den-
tal preparation skills. Compared with the jaw model,
its operation training was somewhat difficult. It may be
because the virtual simulation system is a virtual image.
Although it achieved a high degree of simulation for vis-
ual and tactile sense, it had a slightly worse physical sense
compared to the jaw model, which made the training dif-
ficult for the subjects.

Discussion

An inlay restoration is an important form of treatment
for tooth defects. However, difficulty truly exists in
clinical operation, particularly for complete beginners,
because of its invasion and technical sensitivity [21]. The
jaw model is a conventional means for dental experimen-
tal and preclinical skills training; whereas, this approach
is higher in time-consumption and cost with few models.
Therefore, it cannot simulate various cases in the clinical
practice of real situations [3—6]. Fortunately, the virtual
system can make up for the drawbacks of the jaw model

and considerably meet the requirements of training. The
main objective of this study was to explore the effect of
the virtual-reality system in the preclinical teaching of
inlay preparation to foster the preclinical ability and skills
of undergraduates. This was done to investigate appropri-
ate teaching approaches and propose new perspectives
for reforming the traditional oral preclinical experimen-
tal teaching.

The experimental results showed that students using
only the virtual system or jaw model gained significantly
lower scores in both theoretical and operation exams
than those who practiced under the plan combining
the virtual system training and jaw model. This showed
that pure virtual or traditional training methods did not
achieve a satisfactory effect, indicating the strength of the
combination mode. Using the virtual system separately
can only simulate sensory and tactile stimuli during tooth
preparation [22, 23]; however, it cannot simulate the
actual clinical operation [24]. Conversely, using the jaw
model training separately, students cannot experience the
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actual clinical tactile feeling and correct the errors in the
depth and extent of tooth preparation in a timely manner
[24]. In other words, the training on the jaw model allows
the subjects to become more familiar with the clinical
operation, and the training on the virtual system can
help the subjects adapt to the sensory and haptic stim-
ulation during the dental preparation [25]. Thus, their
weaknesses were observed when separated, while their
features and functions complement each other when
combined. Further, the examination results of Groups J
and V, where no significant difference between them was
found, suggested that the traditional jaw model could not
be eliminated or replaced in the preparation training for
inlay restoration. VR was just a technology to deliver a
learning technique for simulation that should not replace
physical simulation like jaw models [26]; however, pro-
gress for improved assistance and combination in the
future is required. Another explanation is that more
people believe that the virtual simulation system can
achieve the maximum effect after 4-5 times of training
[27], which puts forward a new teaching idea for tooth
preparation in inlay experiments. Compared to the other
groups, Group V-] can better achieve the purpose of
training, showing its significant training effect. The order
of proper operation technique or standard first and then
the practice on material objects may be used. The force
feedback haptic system of the virtual system first enables
the subjects to master specific skills [6, 28, 29]. There-
after, the visual haptic feedback information is applied
to the highly simulated jaw model for further operation
training, which can enhance the students’ understanding
and command of the operation [6]. Additionally, sequen-
tial effects play an important role in learning and deci-
sion-making [29-32]. We found that Group V-J showed
higher theoretical and operation scores than Group J-V,
and the method of Group V-] was concluded as the best
training mode in this study. In the process, students
learned the basic theory first and acquired the operation
stability based on proper technique and standard, and the
operation training and assessment contained a specific
amount of subjectivity. From this perspective, Group V-],
which first considered the construction and correction
of the operation technique and standard of the students
may improve comprehension among students, thereby
advancing their subjective understanding of the opera-
tion method.

The results of the questionnaire survey can be con-
cluded as follows: the training of the virtual system still
cannot replace the jaw model, and there is good accept-
ance and enjoyment of virtual systems. Great affection
was received towards the VR system, which opposes the
findings of former studies [15]. While most participants
have a positive attitude towards the virtual system
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according to the questionnaire survey, its critical weak-
ness is that it cannot perform fulcrum exercises for the
operator and cannot simulate the oral clinical operation
process; thus, its degree of simulation is not as high as
that of the jaw model [25, 28]. Current research on the
application of virtual simulation systems in preclinical
teaching has affirmed its effectiveness. In the dental
preparation experiment of prosthetics, research shows
that the virtual system used in the preclinical teaching
of dental preparation is beneficial for improving the
clinical skills of students [15, 17].

Previous studies did not emphasize the combination
of virtual system training and jaw model training nor
did they study the influence on the effect of the differ-
ences in the sequence of the two training modalities,
and these reflect the strength of this research. The vir-
tual system has a characteristic of immersion and inter-
action [3, 24, 33]; operators can get a sense of touch and
operation feedback in the system [22, 23]. Although it
builds a virtual operating environment and uses virtual
operating tools to perform virtual operations on vir-
tual patients, it can get real information feedback and
technical improvement [34, 35]. As a teaching method,
it provides repeatable, recorded, and computerised
training, which typically requires no supervision [36],
saving teacher resources and reducing the pressure of
preclinical teaching. Despite the high initial cost [3], it
requires fewer consumables while being used more fre-
quently [6, 25]. Moreover, common and difficult cases
in actual clinics can be simulated under virtual simu-
lation conditions to improve the diagnosing and treat-
ment skills of the operator by saving preclinical training
time, improving performance, etc. [4, 36, 37]. Virtual
simulation technology is not only suitable for preclini-
cal teaching but also closely related to various branches
of stomatology, and it has a wide range of applications
in artificial-based medical fields, including dentistry
[38-40].

Nevertheless, this study has some limitations. First,
the study only enrolled a few undergraduates. Moreo-
ver, further studies are supposed to be utilized to explore
the long-term effects of the virtual stimulation system,
including the optimal application period for the teaching
process. In this study, the assessment of tooth prepara-
tion was scored by clinical teachers, which had a specific
degree of subjectivity, whereas the oral digital scanning
technology was used to make the shape of the tooth prep-
aration clear and provide a guarantee for the accuracy of
the score [41, 42]. Consequently, the improvement of the
virtual system with the advantage of jaw model, which is
realizing the similarity in the training experience of jaw
model with real clinical operations, may be one of the key
research directions.



Sheng et al. BMC Medical Education (2022) 22:841

Conclusion

These experimental results showed that virtual simula-
tion training can facilitate the teaching effect of den-
tal preparation in inlay experiments, and the teaching
mode of the virtual simulation system followed by jaw
model (Group V-J) was the best. Therefore, we advo-
cate the combination of a virtual system and jaw model
as a preclinical teaching, which is expected to open up
new ideas of experimental teaching in stomatology and
to be popularised.
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