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Virtual reality training simulator for tooth preparation techniques
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Standard oral and maxillofacial three-dimensional model was developed with patients’ medical data while virtual reality (VR)
simulator was developed in conjunction with head mount display (HMD) and Haptic device. The objective of this study was to evaluate
the preclinical use of a VR training simulator in tooth preparation practice. Eighty-nine dental students were trained how to operate
the simulator. The participants were then given sufficient time on the simulator to practice dental preparation. The students experience
and opinion was then taken in through filling of questionnaires. On average content received 1.8 points, anatomy had 2.5 points, 2.6
points for the applicability, and 2.0 for the usability. As for the detailed items scores, queries about the possible development of the
simulator and the interest of the learning process through the simulator were the highest at 3.1 and 3.0 points, respectively. Question
about the benefit of the HMD and the haptic device during the practice had 1.5 and 1.6 points, respectively. The average total score was
2.2 points. VR tooth preparation simulator in the field of clinical dental education has powerful potential in regard to realistic models,
environments, vision, posture, and economical efficiency.
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INTRODUCTION

and they have become common in reality. VR is applied in
various fields, such as manufacturing, education, medical

Virtual reality (VR) is a fully three-dimensional (3D)

care, and health care, with entertainment fields, such as

computer-generated ‘world’ in which a person can move

games and media. In particular, VR - based learning can

about and interact as if he actually were in this imaginary

enhance learning intention and academic achievement

place [1]. In 1938, Artaud [2] of France first mentioned

through learner-led experiential learning [5]. Especially,

in his play. And in 1992, Lanier [3] coined the term VR

it is useful to apply in educational field which are hard

to bring all of the virtual projects under a single rubric

to observe or difficult to visualize, or dangerous or costly

[4]. Since the 1990s, it has attracted attention with the

experiment [6,7].

development of computers. Recently, commercialized

Dental education, especially education in the preclinical

head mount displays (HMDs) have become commonplace,

field, includes observation classes of various dental
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procedures and practical training for each procedure.

patients were made into 3D imaged and standard oral

Among these classes, appropriate tooth preparation

and maxillofacial 3D model was developed. In addition,

procedures in rehabilitation is considered to be one of the

standard caries models were developed using the oral scan

most important clinical practice [8]. However, in the case

data and the CT data for teeth of patients treated with

of small teeth, the process of an ideal tooth preparation

actual dental caries (Fig. 1, 2). The VR tooth preparation

with a tolerance of about 1 mm is difficult to observe in

simulator was developed with Unity 3D conjunction with

actual clinical observation environment, and it is difficult

HTC Vive Pro VR headset (HTC Co., Bellevue, WA, USA)

to explain and evaluate it in practical training classes

and the Haptic controller (Geomagic touch; 3D Systems,

[9]. Currently, most dental colleges use tooth models

Inc., Rock Hill, SC, USA). For realizing the actual clinical

(dentiform) to practice teeth preparation techniques. And

environment, standard oral and maxillofacial 3D model

assessment of tooth preparation is done with the naked

and the standard caries model implemented into the VR

eye. Several studies have been conducted to improve this

simulator (Fig. 3). The working length of the simulator and

process [10-12]. Aragon and Zibrowski [13] reported on

the position of the haptic controller are the same as those

the improvement of learning effect through ‘procedural
video’ in preclinical education related to tooth preparation
for ceramic crown. Robinson and Lee [14] reported the
effectiveness of training using real-time magnified video
using microscopy in teaching tooth preparation.
The purpose of this study was to investigate the
effectiveness of VR and its applicability to the field of
dentistry after applying this learning environment to real
dental students.

MATERIALS AND METHODS
Development of VR tooth preparation simulator

Fig. 2. Developed oral cavity and dental caries three-dimensional
model.

The medical images such as computed tomography
(CT), oral scan, and magnetic resonance imaging of

Fig. 1. Oral and maxillofacial three-dimensional model.
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Fig. 3. Virtual reality tooth preparation simulator: Practitioner’s view
(arrow).
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of the dental procedure. A dedicated table was constructed

between the two models, so that the practitioner can

so that the patient could sit in the dental chair and

identify the results of their practice (Fig. 5).

configure the same environment [15] as the leg balanced
seating position (Fig. 4). We have defined the ideal tooth
cavity preparation in the implemented simulator. After that,

Evaluation of the developed VR tooth preparation
simulator

the evaluation system was implemented to compare the
cavity preparation of the practitioner with the shape of the

Eighty-nine dental college students who are receiving

ideal tooth cavity preparation and to show the difference

preclinical education and training about how to operate
the simulator and how to practice it, were attended
and each of them was allowed to practice through
the tooth preparation simulator for a sufficient time.
Questionnaires are divided into four sections: content,
anatomy, applicability, and usability. In the content item,
the completeness of the content of the training simulation
was confirmed. In the section of the anatomy, it is possible
to evaluate the accuracy of the anatomical structure of the
oral cavity, the external shape and the internal shape of the
tooth during the practice. In the applicability category, we
evaluated the applicability of the simulator to the practical
education, such as the interest and the usefulness of the
practical training. In the usability item, we assessed the
inconvenience of the practice using the VR simulator and
the realism similarity of the practice using each device. It

Fig. 4. Balanced seating position of the simulator.

Practice model

Evaluation

Ideal model

Fig. 5. Virtual reality tooth preparation simulator: Evaluation system.
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Table 1. Survey items and mean scores for the VR preparation simulator
Section
Content

Anatomy

Applicability

Usability

Questionaire

Mean score

Is the accuracy of the tooth preparation simulator acceptable when compared to the actual clinical?

1.70

Is it possible to check the whole process of the tooth preparation in the simulator?

1.85

Is the order of the tooth preparation process implemented correctly?

1.93

Is the practice of using HMDs more beneficial when compared to traditional practice (using dentiforms)?

1.53

Is the practice of using haptic devices more beneficial when compared to existing practice (using dentiforms)?

1.56

Is learning of tooth preparation process using simulator more effective than existing book or video education?

2.07

The anatomical structure in the oral cavity is accurately implemented.

2.48

The shape of the teeth are similar to the actual patient.

2.60

The structure of the tooth corresponds to the real anatomical structure.

2.48

A three-dimensional anatomic model is likely to be helpful in understanding anatomy.

2.43

The process of practicing with the simulator is interesting.

2.97

It is beneficial for learning tooth preparation process.

2.44

Using this VR simulator is helpful to reduce the gap between clinical in actual patients and model practice.

2.16

I think that the existing dental education curriculum should include the practice using the VR simulator.

2.21

I want to learn other dental practice by using VR simulator.

2.44

There is a possibility of future development of the tooth preparation simulator.

3.13

In practice, HMD felt comfortable.

1.82

The quality of the video at the time of practice is good.

1.86

The sound quality at the time of practice is good.

1.86

The operation using the haptic device is similar to the operation of the actual handpiece.

1.79

The viewpoint using HMD is similar to reality.

1.97

I did not feel aching, dizziness, or headache when I practiced.

2.59

Practice using VR simulator seemed comfortable.

2.24

VR, virtual reality; HMD, head mount display.

consists of a total of 23 items, each item is as follows (Table

on the anatomy, 2.6 points on the applicability, and

1). For each item, the evaluation was made from 0 to 4

2.0 on the usability. As for the scores for detailed items,

points. In addition to the evaluation through the evaluation

items that asked about the possibility of development

items, additional testimonials were written so that the

of the simulator and the interest of the learning process

testimonials, deficiencies, and remedies of VR simulator

through the simulator were the highest score of 3.1 and

could be written freely.

3.0, respectively. In the question about the benefit of
the HMD and the haptic device during the practice were

RESULTS

1.5 and 1.6 points, respectively. The average total score
was 2.2 points. In addition to the questionnaire items,

The average score of each item and the average

most of the demonstration impressions were that the

score of each sub item are shown in Fig. 6 and Table 1.

procedure of preparation the teeth in the desired form

Content received 1.8 points on the average, 2.5 points

was difficult because the size of the tooth to be practiced
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caused by small tooth size is one of the most important

Content
3.0

problems to be solved. Pulijala et al. [18] reported on VR

2.5
2.0

simulation for orthgnathic surgery training and reported

1.5

that it is useful for educator's experience improvement and

1.0

training of various surgical tools. However, compared to

0.5
Usability

0.0

Anatomy

orthognathic surgery, tooth preparation is very small and
elaborate, making it difficult to practice and evaluate the
current resolution. Future research will need to improve
the resolution or resolution of the enlargement of the tooth
part in part. One of the major side effects of VR using
HMD is VR sickness. It is known that this is caused by the

Applicability

difference between the viewpoint movement in the VR

Fig. 6. Overall mean scores for the virtual reality preparation simulator.

and the movement in the actual body, and it causes the
restriction of the long time use of various VR contents [19].
However, in the results of the VR preparation simulator of

was too small compared to the resolution of the VR image

this study, the score of the item related to dizziness was 2.59

viewed through the HMD. In addition, haptic devices have

points, which did not appeal most inconveniences. This is

limitations on the operation radius, and it was difficult to

because only the static method of moving the viewpoint by

obtain a practical posture according to the desired position.

moving only the position and direction of the head is used,

The training course and content were interesting, but

and the movement of the viewpoint on the HMD and the

further research and development were needed to apply it

body movements of the actual practitioner are mostly in

to practical clinical practice.

agreement. Therefore, adverse effects such as VR motion
sickness will not act as a stumbling block in practice using

DISCUSSION
Arnetzl and Dornhofer [16] introduced the process
of assessment of the performance results after teeth

VR in the tooth preparation process.

CONCLUSION

preparation. With the 3D scanner can evaluate the actual

In conclusion, after developing the dental preparation

depth and angle by a computer system, if evaluation

simulator which can be used in preclinical dental

method was more accurate and the practitioner's technique

education, the applicability was evaluated. Conclusively,

helped to improve it. In this study, it is more innovative

newly developed simulator enables connection knowledge

than Arnetzl and Dornhofer's [16] method because it can

and practical teeth preparation performance for the

be directly evaluated without 3D scanner because this

students. There is a limitation of the resolution of the HMD

simulator practice with 3D realistic model and had the

device which is improved and supplemented later, it will

evaluating system itself. Marras et al. [17] have developed

be a good complementary material for practice using VR

a VR simulator for the practice of cavity preparation in

in preclinical education. VR tooth preparation simulator in

endodontics using a haptic device, which is useful for

the field of clinical dental education has powerful potential

learners to learn and acquire practical training procedures

in terms of realistic models, environments, vision, posture,

and methods. However, there is a difference between the

and economical efficiency.

actual clinical experience and the system that only monitors
the screen of the monitor, which can be overcome
through the HMD used in this study. Compared to the
VR environment using HMD, the problem of resolution
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