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Abstract

Objectives: To explore and compare student perceptions of

virtual reality dental simulation (VRDS) with haptic feed-

back in preclinical prosthodontics at two dental institutions.

Methods: A cross-sectional exploratory study investigated

the impact of VRDS for crown preparations in two den-

tal schools. Purposive sampling targeted third-year under-

graduate dental students; 181 were included in analysis.

All students performed crown preparation exercises on the

mandibular first molar on both the VRDS and acrylic teeth

on dental mannequins. A pre-piloted questionnaire was

used to evaluate the participants’ perceptions and experi-

ences.

Results: Participants’ mean score was (0.448 ± 0.086).

Analysis of variance confirmed significant differences

in participants’ scores by location (p<0.001). The key

benefits of the VRDS included the convenience of repeating

exercises, haptic feedback, cost-effectiveness, and improved

confidence. Main limitations were related to handling of

virtual reality equipment and less realistic experience than

when working with natural teeth.

Conclusions: This study provides useful insights into the

learning experiences of undergraduate students regarding

crown preparation using a VRDS. These findings support the
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use of the VRDS to introduce tooth preparation skills in a

risk-free environment.
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Introduction

Undergraduate dental education involves training dental

students to perform irreversible and invasive dental pro-

cedures on real patients supervised by dental faculty [1].

To protect patients, simulated dental learning environments

provide a safe space for learning and consolidating oper-

ative skills [2–4]. Once students can demonstrate their

competence in performing operative procedures on man-

nequins, they may be allowed to develop their skills in clini-

cal settings [5, 6]. Undergraduate students typically consider

tooth preparation for crown and bridge work challenging,

requiring considerable technical expertise, spatial orienta-

tion, hand–eye coordination, and application of geometri-

cal principles while protecting the adjacent teeth and soft

tissues [7–11].

Clinical dental training plays a crucial role in devel-

oping core clinical competencies for providing safe and

effective dental care [12–14]. Dental students typically begin

their clinical skill training by treating live patients under

the guidance and supervision of experienced clinical tutors.

They are expected to attain proficiency in various operative

procedures to ensure safe and effective delivery of clinical

dental care [10, 11, 13, 15]. This involves invasive procedures

that, if performed incorrectly, can cause irreversible harm

to patients. To mitigate these risks, a fundamental strategy

in dental education is to provide preclinical training in

simulated dental learning environments. Simulated settings

offer a secure learning space and are essential for train-

ing students in irreversible dental procedures before they

progress to real clinical settings [6].

To bridge the gap between preclinical dental educa-

tion and real clinical practice, simulation laboratories have
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emerged as a vital component. These laboratories provide

a pivotal transition from theoretical learning to hands-

on clinical care. Traditionally, training in simulated dental

learning environments involves mannequins and physical

jaw models to teach manual dexterity and core practical

skills. However, a notable disparity remains between the

psychomotor skills acquired in preclinical dental education

and the demands of real clinical situations [5].

As technology continues to advance, virtual simula-

tion training is increasingly emphasized, offering a promis-

ing solution for enhancing dental education and train-

ing. Virtual reality dental simulation (VRDS) with haptic

feedback is gaining popularity in dental schools and has

the potential to address some of the limitations associ-

ated with traditional teaching using mannequins [2, 5, 16].

This technology provides an immersive learning experi-

ence, enabling dental students to practice and refine their

skills in a virtual, yet highly authentic, clinical environ-

ment. Beyond receiving haptic feedback during exercises,

students benefit from the opportunity for repeated practice

at no additional cost [3]. Additionally, they gain immediate

access tomulti-dimensional feedback, including audio;writ-

ten assessments; and three-dimensional insights into their

work involving artificial teeth (such as cavities, crowns, and

endodontic access preparations) [17, 18]. By leveraging these

technological advancements, dental educators can prepare

future practitioners to deliver safe and effective care [19].

Multiple studies have assessed the validity and effec-

tiveness of VRDS technology. A previous study showed over-

all improved performance in psychomotor skills evidenced

by improved cavity preparation scores and cavity design

features and less time for cavity preparation after haptic

virtual reality (VR) simulation training [5]. Virtual simula-

tion training has also been shown to be effective in training

dental students on inlay preparations followed by further

training onmannequins [20]. Other studies havehighlighted

the use of VRDS to complement conventional methods of

preclinical training in simulated laboratory settings [21–23].

The literature shows that many strategies have been

employed in teaching preclinical fixed prosthodontics,

encompassing both theoretical and practical teachings

related to preparing teeth for crowns and fixed partial den-

tures. Traditionally, various parameters, such as occlusal

reduction, axial reduction, two-plane reduction, taper, mar-

gin placement, finishing, preservation of adjacent teeth, and

timemanagement for optimal tooth preparation, have been

assessed visually. It is challenging for faculty members to

teach students to correctly visualise all parameters together

during their consolidation sessions [23]. This has recently

been addressed by advanced assessment techniques such

as computer-assisted design/computer-assisted manufac-

turing (CAD/CAM) and VR-based systems [24]. Crown prepa-

ration assessment software has been reported to potentially

accelerate dental students’ learning and benefit their exper-

tise in achieving optimal parameters for crown prepara-

tion [25]. Integrating CAD/CAM technology within preclin-

ical dentistry – specifically, utilising taper and undercut

tools within the prepCheck learning system for assessing

tooth preparation – has been shown to be beneficial [25].

Research has revealed a correlation between students’ per-

ceptions of prepCheck and their performance in preclinical

prosthodontics, suggesting a positive relationship between

students’ perception of the technology and their actual per-

formance in these dental exercises [24].

However, deeper exploration is needed to compre-

hend how the relationship between traditional preclinical

prosthodontic teaching using mannequins and the integra-

tion of VR affects undergraduate dental students’ learning

journeys. This study aimed to explore and compare student

perceptions of VRDS with haptic feedback in preclinical

prosthodontics at two dental institutions.

Materials and methods

Research ethics

Ethical approvalwas obtained from the Institutional Review

Board of Qatar University (reference number: QU-IRB 1652-

EA/22). Participation was voluntary, and students who

declined to participate were not disadvantaged in any way.

All participants provided informed consent before respond-

ing to the questionnaire. All data were recorded, stored,

and processed anonymously to prevent the identification of

individual participants.

Study design

This multi-institution study was conducted at Qatar Univer-

sity (Qatar) and Ankara University (Türkiye) in dental sim-

ulation laboratory settings. A cross-sectional exploratory

study design was used to investigate the effects of VR den-

tal haptics on crown preparation. The students performed

crown preparation on the mandibular first molar using

SIMtoCare (Vreeland,Netherlands) and SimodontVR (Nissin

Dental Products, Kyoto, Japan) dental haptic simulators.

Sampling technique and participants

A nonrandomized selective sampling technique was used

to target third-year undergraduate dental students at two
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universities. Undergraduate dental students who had com-

pleted training in crown preparation using both the VRDS

and conventional training on dental mannequins at the

participating institutions were eligible to participate. Stu-

dents who were repeating the course or had interrupted

their study were excluded. Invitations to participate in the

research, along with information sheets explaining the pur-

pose and scope of the study, were sent to all participants

through institutional e-mail.

Research instrument

Four experienced clinical dental academics on the study

team drafted the English questionnaire. The questionnaire

consisted of 10 closed-ended items based on a Likert scale

consisting of five categories: strongly agree, agree, unsure,

disagree, and strongly disagree (scored as 2, 1, 0, −1, and
−2, respectively). In addition, three open-ended items were
used to evaluate students’ perceptions of and experiences

related to the VRDS. The questionnaire focused on the learn-

ing experiences of the undergraduate students in develop-

ing their competencies in crown preparation using conven-

tional techniques and dental haptics.

The face and content validity of the items was specified

through a detailed comparison between the essence themes

related to the learning outcomes of crown preparation. The

questionnaire was developed to eliminate biases related to

personal factors by implementing the following strategies:

(1) Ensured recall of relevant skills and behaviors was

easy for the respondents;

(2) Allowed blind reporting by the participants so

that they felt confident in disclosing information.

Moreover, researchers did not influence their

responses.

Items were pre-tested according to established practices to

generate potential questionnaire items. An electronic pre-

test questionnaire was sent to undergraduate dental stu-

dents (n=5) and dental academics (n=5). The purpose of this
pretesting was to determine the content and face validity

of scale items, the clarity and consistent interpretation of

the questionnaire by the participants, and the clarity of the

scoring categories.

The final questionnaire consisted of 10 closed-ended

questions based on a five-point Likert scale: strongly dis-

agree, disagree, uncertain, agree, and strongly agree (See

Table 1). In addition, three open-ended items were used

to explore participants’ views regarding the benefits and

limitations of the VRDS and recommendations for future

improvements.

Data collection

Students performed crown preparation in the mandibu-

lar first molar using SIMtoCare at Qatar University and

Ankara University in Türkiye. Students used Simodont VR

dental haptics to perform the same exercise. Both systems

provide haptic feedback. Subsequently, the students car-

ried out full ceramic crown preparation on the mandibu-

lar first molar using mannequin-based phantom head

and acrylic typodont teeth (Frasaco, ANKA-4 Z, Tettnang,

Germany).

After completing the learning activities, participants

completed an online questionnaire using Google Forms.

Table 1: Descriptive values (all respondents).

No. Question Mean SD 95 % CI

(lower limit)

95 % CI

(upper limit)

1 The case presentation on VR allowed me to clearly comprehend the tasks

expected from me

0.52 0.83 0.40 0.64

2 The hardness and texture of teeth in the VR models are similar to natural teeth 0.43 0.92 0.30 0.57

3 The hardness and texture of teeth in the VR models are similar to artificial teeth −0.09 1.01 −0.24 0.05

4 The anatomical structures on VR accurately simulated real structures 0.69 0.89 0.56 0.82

5 Tooth preparation on VR was easier compared to artificial teeth on mannequin −0.18 1.14 −0.35 −0.01
6 The training exercise on VR improved my fine motor skills 0.71 0.98 0.56 0.85

7 Training on the VR improved my confidence in learning tooth preparation 0.50 1.00 0.36 0.65

8 VR training may be used to supplement standard preclinical training on artificial

teeth on mannequin models

1.02 0.85 0.90 1.15

9 VR can replace the preclinical fixed prosthodontics training on mannequins and

models

−0.12 1.25 −0.30 0.07

10 I would like to have more VR sessions in fixed prosthodontics 1.00 1.07 0.84 1.16

Overall 0.448 1.086 0.289 0.607

VR, virtual reality; SD, standard deviation; CI, confidence interval.
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Data analysis

All data were analyzed and visualized using R Studio soft-

ware (version 2023.06.2), incorporating R (version 4.0.5).

Descriptive statistics, including confidence intervals, were

calculated for each closed-ended item and the combined

dataset. Analysis of variance (ANOVA) was used to deter-

mine any significant variation in results by location. The

estimatedmarginalmeanswere calculated from the ANOVA

results. The responses to the open-ended items were ana-

lyzed thematically.

Results

A total of 181 participants participated in this study. Of the

164 students in Türkiye, 152 participated, and 29 of the 37

students in Qatar participated, yielding response rates of

92.68 % and 78.37 %, respectively.

Descriptive statistics

Descriptive values for individual items are summarized in

Table 1.

Themean score for all itemswas 0.448 (95 % confidence

interval [CI]: 0.289–0.607), indicating positive perceptions

and experiences with the VRDS overall. The presentation

on the VRDS allowed the participants to be clear about

the tasks expected of them. The VR experience improved

participants’ motor skills and confidence, and they consid-

ered it a useful supplement to training on physical models

mounted on mannequins. The participants also indicated a

preference for more consolidation sessions using the VRDS.

However, the participants did not feel that the texture and

Figure 1: Distribution of scores by location.

hardness of the teeth in the VRDS accurately simulated

artificial teeth, and they did not consider it suitable for

completely replacing training on crown preparations using

teeth mounted on physical models.

The descriptive values for each item by location are

summarized in Table 2 and depicted in Figure 1.

The adjustedmean score was−0.24 for the participants
based in Qatar and 0.58 for those in Türkiye, indicating

less positive overall perceptions and experiences of partici-

pants in Qatar. An ANOVA confirmed significant variation in

participants’ scores by location (p<0.001), as summarized in

Table 3.

Table 2: Descriptive values by location.

Question
Mean SD 95 % CI (lower limit) 95 % CI (upper limit)

Qatar Türkiye Qatar Türkiye Qatar Türkiye Qatar Türkiye

1 0.45 0.53 1.06 0.78 0.06 0.41 0.83 0.66

2 −0.28 0.57 1.13 0.81 −0.69 0.44 0.14 0.70

3 −0.83 0.05 0.89 0.98 −1.15 −0.11 −0.50 0.20

4 0.34 0.76 1.11 0.83 −0.06 0.62 0.75 0.89

5 −1.03 −0.02 0.98 1.10 −1.39 −0.20 −0.67 0.16

6 0.03 0.84 1.15 0.89 −0.39 0.69 0.46 0.98

7 0.00 0.60 1.22 0.93 −0.45 0.45 0.45 0.75

8 0.48 1.13 1.18 0.73 0.05 1.01 0.92 1.24

9 −1.38 0.13 0.86 1.16 −1.70 −0.06 −1.06 0.31

10 −0.17 1.22 1.36 0.84 −0.67 1.09 0.33 1.36

Overall −0.238 0.579 1.249 1.000 −0.421 0.432 0.055 0.726

SD, standard deviation; CI, confidence interval.
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Table 3: Analysis of variance in participants’ scores (all questions).

Factor Df Sum of Sq RSS AIC F-statistic p-Value

Location 1 162.509 2,131.618 298.034 149.213 <0.001

Df, degree of freedom; RSS, residual sum of squares; AIC, akaike

information criterion.

Responses to open-ended questions

The responses to the open-ended questions were analyzed

thematically. They were collated and read systematically

to identify recurring patterns. The relevant sections of the

texts were coded and grouped into primary themes (sub-

themes), and related elements were then combined into

higher-level themes.

The first open-ended question related to the advan-

tages of the VRDS, and the participants’ responses high-

lighted the diverse benefits of VR in enhancing the learning

experiences of dental students. The key benefits included

the convenience of repeating the exercises to consolidate

technical skills, haptic feedback, cost-effectiveness, and

improved confidence. Participants from both institutions

highlighted these benefits. These themes are summarized in

Table 4.

The participants also highlighted some limitations and

challenges of learning crown preparations in the VRDS

compared with artificial/natural teeth mounted on physi-

cal models in mannequins. The key themes related to the

handling of VR equipment, a less realistic experience com-

pared to tooth preparations onnatural teeth, and the limited

availability of VR stations are summarized in Table 5. While

the participants from both institutions identified these chal-

lenges, those from Qatar highlighted themmore frequently.

In particular, participants from Qatar expressed frustra-

tion over the limited time for consolidation and a lack of

arrangements to practice their skills after hours.

Table 4: Benefits of virtual reality dental simulation (VRDS) training on crown preparations.

Theme Subthemes Frequencya

Opportunities for repeated

practice in a low-risk

environment

1. Repeated practice allows consolidation of skills in a risk-free environment;

2. No risk of irreversible damage to teeth or vital tissue structures;

3. Refinement of technical skills to improve manual dexterity;

4. Adequate feedback provided by VRDS to improve student confidence

++++

Haptic feedback 1. Allows learners to feel the pressure, resistance, and texture of dental tissues;

2. Although somewhat different to working on artificial/natural teeth on a

mannequin, it provides an authentic learning experience;

3. Allows three-dimensional visualization of tooth preparations without additional

tools

+++

Low operational cost 1. Eliminates the need to use new teeth, burs, etc., resulting in reduced costs for

students;

2. Reduced reliance on supervisors to provide feedback

+++

aEach+ represents 10 % of participants.

Table 5: Limitations and challenges of virtual reality dental simulation (VRDS) training on crown preparations.

Theme Subthemes Frequencya

Challenges related to the use

of VR equipment

1. Limited flexibility for operator movement and need to work in a fixed position;

2. Handling of the dental mirror on VR can be difficult;

3. Handpiece feels quite heavy

++++

Unrealistic experience 1. Texture and resistance of tooth structure on VR is very different from natural

teeth;

2. Difficult to gauge the depth of tooth preparation;

3. Limited room to maneuver the hand piece and obtain support during tooth

cutting

+++

Limited number of VR stations 1. Only a few VR stations available;

2. Limited time available to practice;

3. Long waiting times

++

aEach+ represents 10 % of participants. VR, virtual reality.



6 — Anweigi et al.: Immersive learning in dentistry

Discussion

The current multi-institutional study involving over 181

undergraduate students is among the few studies exploring

the learning experiences of dental students on crown prepa-

rations on virtual teeth along with acrylic teeth mounted

ondentalmodels [26–29]. Although the participating institu-

tions used different VRDS systems, the exercises performed

by the participants were similar. Both VRDS also simulated

dental tissues and incorporated a touchscreen, dental hand-

piece, burs space mouse, dental mirror, and speed pedal.

Overall, the participants reported positive perceptions and

experiences of the VRDS training, suggesting the use of the

VRDS to complement the conventional methods of preclin-

ical training in simulated laboratory preclinical training

using acrylic and natural teeth. These findings agree with

those of other studies that recommend VRDS as an adjunct

rather than an alternative to conventional phantom head

simulators [19, 22].

The rationale for including two dental institutions was

to compare the learning experiences of students in insti-

tutions with different ages and geographical locations. Sig-

nificant differences in the perceptions and experiences of

the participants between the participating institutions were

observed, with participants from Türkiye reporting more

positive experiences [22]. A previous study on endodon-

tic training at the same institution reported similar find-

ings. A multitude of factors could potentially influence the

participants’ learning experiences.

The institution in Türkiye was established more than

70 years ago and is amuch larger institution with an annual

intake of 200 dental students. With its longstanding institu-

tional history, Türkiye has a strong culture of peer tutoring

and learning, which facilitates the transfer of knowledge

and skills both vertically (from senior students) and hori-

zontally (among peers of the same cohort). The diverse body

of students, along with a large academic faculty, contributes

significantly to social interactions among students in the

learning environment, allowing them greater opportunities

to learn from each other and provide peer support.

The College of Dental Medicine in Qatar, on the other

hand, was founded only five years ago and has space for a

maximum of 35 students annually. It is still in its formative

years and requires time to build an institutional memory.

Another reason for the less positive learning experiences

of participants from Qatar relates to limited consolidation

time, as current institutional policies do not permit stu-

dent access to dental simulation laboratories after working

hours. Many dental institutions allow students to practice

in a simulation laboratory around the clock, and the dental

faculty must work on suitable options to increase the avail-

ability of the laboratory to students.

The VRDS technology offers several benefits, and the

findings of the current study support its use in provid-

ing an immersive experience to novice students in a non-

threatening learning environment. Dental education and

training are provided in a wide variety of settings, and

students learn from social interactions with their peers [30,

31]. Learning operative dental techniques in simulated den-

tal learning environments facilitates legitimate peripheral

participation of students and enables them to develop into

safe and competent clinicians [30]. This allows for repeated

practice and consolidation of skills in a risk-free environ-

ment, reducing the need for dental consumables, and pro-

moting a green environment [32]. VRDS enables dental stu-

dents to refine their skills without having to replace the

models, eliminating the possibility of irreversible damage

to teeth or vital tissue structures. There is no risk of irre-

versible damage to teeth or vital tissue structures. Beyond

receiving haptic feedback during exercises, students benefit

from the opportunity for repeated practice at no additional

cost, which is in agreement with previous studies [2, 20,

21]. Notwithstanding the initial cost of purchasing the VRDS

equipment, the reduced need for direct faculty supervision

is an additional benefit of the VRDS, as reported in previous

studies [21, 33, 34].

In the current study, most participants did not consider

VRDS training to have the potential to replace conventional

dental mannequin training in a preclinical laboratory set-

ting. Themain limitation is the differences in the texture and

hardness of virtual teeth in the VRDS compared to natural

teeth. This issue has also been reported in previous studies

[4], which call for dental educators to work with manufac-

turers to improve the quality of haptic feedback in VRDS to

simulate the tactile feedback experienced in the preparation

of natural teeth. Additionally, the participants in the current

study recommended ergonomic improvements to the design

of the VRDS equipment to optimize the visual clarity and

control of virtual instruments, such as the handpiece, rest

support, and dental mirror. The proposed enhancements

aim to further enrich the learning experience and effec-

tiveness of VRDS training. Although the VRDS is unlikely

to replace conventional training on physical models in the

near future, there is merit to using the VRDS to familiarize

students with core dental operative procedures in a safe

environment. This may be followed by further training on

physical models using a combination of artificial and nat-

ural teeth [4, 5, 20]. It is recommended that VRDS be intro-

duced early in the curriculum to provide additional time for

students to consolidate their skills.
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Another exciting development is the use of patient-

centered VR training to enable students to prepare for the

requirements of their patients and practice them in VR

before attempting them in real life [35]. Such innovations

have potential to contribute positively to the learning expe-

riences and confidence of students [36].

The initial financial cost of purchasing VRDS pods is

a recognized barrier limiting its widespread use in dental

education, particularly in developing countries [22]. As high-

lighted in the present study, most students expressed the

need for additional practice on VRDS. However, the finan-

cial cost of the VRDS means that most dental institutions

can purchase only a limited number of VRDS pods. This

often restricts the consolidation time available to students to

improve their technical skills, and dental institutions must

work with the industry to reduce the financial cost of pur-

chasing VRDS [25].

This study had some limitations. It explored students’

perceptions and experiences of using the VRDS but did not

capture the longitudinal performance of students through-

out the course. Moreover, the findings were based on a sin-

gle exercise in crown preparation using both the VRDS and

physical models with artificial teeth. Future studies should

collect longitudinal data to explore whether the VRDS pro-

vides added value to enhance the translation of students’

crown preparation skills in clinical settings. Neverthe-

less, this study provided a useful comparison of students’

learning experiences with crown preparation using the

VRDS.

Conclusions

This research offers valuable insights into the effectiveness

of VRDS for preclinical prosthodontic training in undergrad-

uate dental education and identifies its merits, challenges,

and limitations. The results underscore the need to integrate

the VRDS with traditional approaches in simulated labo-

ratory environments for preclinical training. Additionally,

the recommendations provided by the participants can be

helpful in further developing VRDS technology to enhance

students’ future learning experiences. It is imperative for

dental educators to collaborate closely with manufacturers

to optimize the VRDS for undergraduate dental education

and expand its use in dental education.
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