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Abstract 

Background and objectives Virtual reality dental simulators as an educational tool may create specific training 
conditions for dental students, allowing them to practice dental skills in a safe and controlled condition. This study 
aimed to investigate the effectiveness of virtual reality‑based education in dental education compared to traditional 
education approaches.

Methods In this systematic review, four databases (PubMed, Scopus, Web of Science, and Science Direct) 
were searched until 2023 following PRISMA guidelines. The Quality assessment and risk of bias were assessed 
by the Cochrane Collaboration Tool for RCTs and GRADE, respectively. Inclusion criteria were restricted to randomized 
or quasi‑randomized trials about virtual reality efficacy in dental education. Two authors independently evaluated 
the data and reviewed the overall risk of bias for all selected studies. Study design, sample size, hardware, onset time 
of intervention, duration, and number of procedures performed were among the data extracted.

Results From the 703 titles, 48 full texts were chosen for review, yielding 14 articles for final inclusion. The review 
of these articles indicated the effective role of virtual reality dental simulators in improving students’ knowledge 
and practical skills.

Conclusions Based on our findings, adding haptic technology to virtual reality can improve students’ practical skills, 
hand skills, theoretical knowledge, self‑confidence, and learning environment. Although a fair amount of research 
needs to be done, notably on cost‑effectiveness, student satisfaction, and other potentially adverse effects, virtual 
reality is a growing phenomenon with immense potential.
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Background
Virtual reality (VR) is a three-dimensional (3D) artificial 
simulation of a real-life environment or situation in com-
puter systems first used in dental education in 1988 [1]. 
It allows users to interact with the virtual reality environ-
ment by simulating vision and audience in real-time. VR 
technology is based on three main principles immersion, 
interaction, and user intervention in the virtual reality 
environment. Immersion shows the presence in the vir-
tual environment, and interaction indicates the opera-
tor’s modification performance [2]. VR types of dentistry 
equipment are camera-display systems or head-mounted 
systems [3].

Some studies show that although dental students 
acquire sufficient knowledge and skills in preclinical 
courses, their education process has challenges and limi-
tations [4, 5]. Dentistry education differs from education 
in other health fields due to the combination of theo-
retical, practical-laboratory topics and clinical exercises. 
Spatial imagination to acquire theoretical knowledge 
in dentistry is one of the essential requirements in den-
tal education. This requirement may not be fulfilled in 
traditional learning environments. Therefore, using the 
capabilities of new technologies such as virtual reality 
may be an effective solution to improving the quality of 
dental education. VR is used as a complementary tool in 
teaching practical skills to dental students before facing 
real patients [6–8]. VR can eliminate many limitations of 
traditional education. VR increases the ability of dental 
students in self-assessment and self-learning, it does not 
have limitations related to the time frame of practice in 
dental laboratories, and it provides an endless and time-
less opportunity for practice and learning [9, 10]. This 
technology enables students to practice in a very low-
risk environment [11], reducing costs in the long run [9]. 
Also, VR technology reduces students’ need for a teacher 
(the teacher is a facilitator and observer) [9] and makes 
the learning process more standardized [10, 12].

Studies have been conducted in recent years on VR 
technology’s effect on dental students’ performance. 
Despite the emphasis of studies on the effectiveness of 
VR-based education, different results have been reported 
in some studies [13–15]. A systematic review of studies 
conducted in dentistry to understand the effect of teach-
ing designed using VR dental simulators in comparison 
with conventional teaching on improving students’ the-
oretical knowledge and practical skills can provide new 
insights into the role of VR technologies in the teach-
ing and learning process. This systematic review aimed 
to compare the effectiveness of VR-based education 
and conventional teaching methods for dental sciences 
to determine whether VR can improve dental students’ 
learning performance. About the aim of the study, the 

main question is: What are the advantages of implement-
ing simulators based on VR in dental education com-
pared to traditional methods for enhancing the student’s 
knowledge and learning motor skills?

Materials and methods
This systematic review protocol was conducted according 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) [16]. To decrease bias, 
the process of searching, selection of articles, evaluation 
of the quality of the studies, and extraction of data was 
done by two independent researchers, and if needed, the 
third author judged any disagreements. With the help of 
the quality assessment tool, the quality of each article was 
evaluated independently by two of the authors.

Search strategy
A systematic search was performed in PubMed, Scopus, 
Web of Science, and Science Direct databases up to Sep-
tember 2023 for articles in English-language journals. 
The search strategy is shown in Fig. 1.

This study used the PICOS tool, which focuses on 5 
indicators population, Intervention, Comparison, Out-
comes, and Study design. Population (P): The population 
index was related to undergraduate and graduate den-
tal students. Intervention (I): The intervention included 
educational methods based on virtual reality technology. 
Comparison (C): This index included comparing meth-
ods based on virtual reality and conventional/traditional 
methods. Outcome (O): The result included the effect of 
virtual reality-based educational methods on the acqui-
sition of knowledge and skills of dental students. Study 
design (S): The study design focused on randomized con-
trolled and quasi-randomized trials.

The following MeSH-related English keywords were 
used: virtual reality, haptics, haptic virtual reality, virtual 
reality environment, instructional virtual reality, educa-
tional virtual reality, dental education, graduate dental 
education, and continuing dental education, traditional 
teaching/learning/training, conventional teaching/learn-
ing/training. In addition, the combination of these words 
was used using AND-OR operators.

Inclusion and exclusion criteria
The inclusion criteria were randomized controlled trials, 
and quasi-randomized trials only in the selected period, 
examination of at least one human subject related to the 
topic of VR, information available on the VR technology 
used and its association with the dental discipline, pres-
ence of a VR test group and a traditional learning control 
group. The exclusion criteria were case–control stud-
ies, review studies, articles comparing two virtual real-
ity groups with no traditional control group, studies that 
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reported incomplete information, studies conducted on 
patients and not students, and studies evaluating a simu-
lator’s effect.

Data extraction
To extract data from the articles, a checklist was used 
that included information about the author’s name, the 
year of publication of the study, the sample size, the type 
of virtual reality tool, the duration of the intervention, 
and the results. The results were classified using Micro-
soft Excel 2019 (Microsoft Corporation, Redmond, WA, 
United States) and EndNote X6 software (Thomson Reu-
ters EndNote X6.1.0).

Quality assessment
The methodological quality of each article was evaluated 
independently by two authors. the risk of bias assess-
ment was performed in each study using the Cochrane 
collaboration tool for RCTs and based on the following 
items [17] (oralhealth.cochrane.org) (See Table 1): Selec-
tion bias, performance, and detection bias, bias due to 
incomplete data, reporting bias, and other biases (includ-
ing industry sponsorship bias).

Another tool to measure the quality of articles in 
this study was GRADE (Grading of Recommendations 
Assessment, Development, and Evaluation). GRADE is 
a tool that can be used to evaluate and rank the quality 
of studies in four levels: very low, low, moderate, or high. 
Based on this tool, studies are evaluated regarding risk of 
bias, inconsistency, indirectness, imprecision, or publica-
tion bias. The results of the evaluation of the studies are 
presented in Table 2.

As shown in Fig.  2, The number of 703 articles were 
retrieved in the primary search, which decreased to 542 
articles after removing the duplicates. After reviewing 
the titles and abstracts, 48 articles were selected for full-
text evaluation. Finally, 14 eligible articles were included 
in the study. After evaluating the full-text of the articles, 
34 articles were excluded due to lack of inclusion criteria.

Reasons for exclusion: articles lacking sufficient 
information about the use of virtual reality technology 
(n = 10), comparing two groups of virtual reality (n = 7), 
narrative reviews and/or opinion letters (n = 8), experi-
mental laboratory research (n = 5), and studies conducted 
on patients (n = 4).

Ethical considerations
This study was approved by the Ethics Committee of Ker-
manshah University of Medical Sciences (KUMS) (IR.
KUMS.REC.1398.1244).

Results
Table  3 provides a summary of the information on the 
articles included in the study. The analysis of the arti-
cles indicated that 36% of the articles are from Ameri-
can countries (The United States, Brazil) [22, 24, 25, 27, 
30], 36% from Asian countries (Thailand, Japan, Iran, and 
China) [13, 19, 23, 26, 31], and 28% from European coun-
tries (the United Kingdom, Ireland, and Germany) [18, 
20, 28, 32]. In these studies, dental students from differ-
ent levels have been studied. The educational goal of the 
studies was to focus on improving the level of knowledge 
and skills of dental students.

Table  4 presents comprehensive information on the 
included studies. It contains a list of retrieved articles, 

Fig. 1 Search strategy in database
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equipment used, methodology, sample size, and a brief 
description of the results. Because of the heterogeneity in 
the different dental interest fields, validated comparisons 

between the selected publications were not possible, 
and no meta-analysis could be performed. All of the 
included studies were in the field of dental education. 

Table 1 Presentation of risk of bias evaluation for included studies according to the cochrane collaboration’s tool

Random 
sequence 
generation

Allocation 
concealment

Blinding of 
participants

Blinding of 
outcome 
assessment

Incomplete 
outcome data

Selective 
reporting

Other bias

Murbay et al. [18] Unclear risk 
of bias

Unclear risk 
of bias

Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias

Dwisaptarini 
et al. [19]

Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias

Pulijala et al. [20] Low risk of bias Unclear risk 
of bias

High risk of bias Low risk of bias High risk of bias Low risk of bias Low risk of bias

Tubelo et al. [21] Low risk of bias Low risk of bias High risk of bias Low risk of bias High risk of bias Low risk of bias Low risk of bias

Samuel Koo et al. 
[22]

Low risk of bias Low risk of bias High risk of bias Unclear risk 
of bias

Unclear risk 
of bias

Low risk of bias Low risk of bias

Hirono Kikuchi 
et al. [23]

Unclear risk 
of bias

Unclear risk 
of bias

Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias

Riki Gottlieb et al. 
[24]

Unclear risk 
of bias

Unclear risk 
of bias

Unclear risk 
of bias

High risk of bias Low risk of bias Low risk of bias Low risk of bias

Nardy Casap 
et al. [25]

Low risk of bias Unclear risk 
of bias

High risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias

Suebnukarn et al. 
[26]

Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias

Buchanan et al. 
[27]

Unclear risk 
of bias

High risk of bias Unclear risk 
of bias

Low risk of bias Low risk of bias Low risk of bias Low risk of bias

Al‑Saud et al. [28] Low risk of bias Unclear risk 
of bias

Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias

Liebermann et al. 
[14]

Low risk of bias Unclear risk 
of bias

Unclear risk 
of bias

High risk of bias Low risk of bias Low risk of bias Low risk of bias

Zhang et al. [29] Low risk of bias Low risk of bias Unclear risk 
of bias

Low risk of bias Low risk of bias Low risk of bias Low risk of bias

SiahMansoory 
et al. [13]

Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias Low risk of bias

Table 2 Assessment of the included studies using the GRADE scale

Author / Year Risk of bias Imprecision Inconsistency Indirectness Publication Bias

Murbay et al. [18] Very low Very low Very low Very low Very low

Dwisaptarini et al. [19] Very low Very low Very low Very low Very low

Pulijala et al. [20] Very low Very low Very low Very low Very low

Tubelo et al. [21] Very low Very low Very low Very low Very low

Samuel koo et al. [22] Very low Very low Very low Very low Very low

Hirono Kikuchi et al. [23] Very low Very low Very low Very low Very low

Riki Gottlieb et al. [24] Very low Very low Very low Very low Very low

Nardy Casap et al. [25] Very low Very low Very low Very low Very low

Suebnukarn et al. [26] Very low Very low Very low Very low Very low

Buchanan et al. [27] Very low Very low Very low Very low Very low

Al‑Saud et al. [28] Very low Very low Very low Very low Very low

Liebermann et al. [14] Very low Very low Very low Very low Very low

Zhang et al. [29] Very low Very low Very low Very low Very low

Siah Mansoory et al. [13] Very low Very low Very low Very low Very low
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Fig. 2 Flowcharts of the study and selection of articles based on PRISMA steps

Table 3 Summary of findings across 14 studies

Article/number 14

Article per country America (n = 5, 36%), Asia (n = 5, 36%), Europe (n = 4, 28%)

Total number of students 628

Average number of students per study 48

Level of education First‑year (16); Sophomores and Juniors (94); Fourth‑year (32); Fifth‑year 
(43); Sixth‑year (85); Final‑year (40); Undergraduate (141); Preclinical (82); 
Residents (95)

The educational objective of each study Knowledge (4); Skill (8); Knowledge and Skill (2)
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The reviewed studies included a diverse range of topics 
from training in simple tooth cavity preparation to com-
plex surgical training approaches. Studies have evaluated 
the effectiveness of using virtual reality simulators as 
an educational tool, especially in preclinical knowledge 
acquisition.

The results showed the implementation of VR tech-
nologies in dental education helps various fields. Each 
field needs different techniques and methods for using 
virtual reality technologies in the learning process. 
Among the 14 articles, VR technologies help dental edu-
cation in restorative dental procedures, tooth preparation 
[22], caries removal [19], access cavity preparation [22], 
implant treatment [25], crown preparation [27], Le Fort 
I osteotomy [20], neutral zone and Teeth arrangement 
assessment [13], and cementation [30].

A systematic review of studies in terms of the effect of 
VR simulators in dental education indicates an improve-
ment in students’ academic performance. The improve-
ment in students’ academic performance was evident in 
both theoretical knowledge and practical skills levels. The 
results of the reviewed studies are presented separately in 
Table 4.

The evaluated studies examined a variety of learning 
aspects, such as preparation, transition, and retention, to 
determine the effectiveness of VR in theoretical knowl-
edge learning. Based on the review conducted in this 
study, the theoretical knowledge of dental students can 
be improved through the use of VR technologies.

In addition to the mentioned cases, the findings show 
that the addition of VR to more traditional teaching 
methods has formed newly recognized student-centered 
teaching methods. In this connection, studies reported 
that the use of VR might affect certain learning elements 
such as preparation, transition, and retention [28, 31, 32]. 
Pulijala et al. examined the efficiency of immersive VR in 
surgical training in novice surgical residents. The results 
of this study showed that iVR would help maxillofacial 
surgical technique training (Le Fort I osteotomy). Resi-
dents who used this technology showed a higher level of 
self-confidence and theoretical knowledge [20].

Based on the findings of the present study, VR simula-
tors have a positive effect on improving students’ practi-
cal skills. The review of studies indicates the effective role 
of VR in dental surgery education. According to some 
evidence, manual assessment methods support the supe-
riority of VR-based learning approaches compared to tra-
ditional approaches in dental education [18, 22, 25]. The 
validity of such a result may rise as assessment methods 
shift to the digital realm, possibly due to a reduction in 
human-related assessment errors. As shown in Murbay 
et al. the use of more robust digital assessment methods 
in ideal settings would better portray the beneficial use 

of VR technology in operative dental education [18]. In 
this regard, haptic technology, as a key part of VR tech-
nologies, adds a sense of touch to former visual-only 
interfaces. These systems can simulate tactile input and 
visual feedback to help the training of clinical psychomo-
tor skills. The ease of use and gaming features of haptic 
devices can create an interesting learning experience for 
dental learners [22]. VR technologies also bring naviga-
tion systems for teaching the surgical stage of dental 
implantation. According to the study of Casap et  al., 
students who used this technology showed significantly 
higher accuracy in marking the first implantation site 
[25].

Discussion
This systematic review was conducted to compare VR-
based education and conventional learning methods in 
dental education. For this purpose, the conducted studies 
were compared regarding the role of VR simulators and 
conventional learning methods in improving students’ 
theoretical knowledge and practical skills. A systematic 
review of the conducted studies indicated that VR simu-
lators play an effective role in improving the level of theo-
retical knowledge and practical skills of dental students. 
The application of VR in dental education has expanded 
due to its high potential in overcoming environmental 
limitations, providing the possibility of frequent training, 
immediate feedback, real experience in a simulated envi-
ronment, and educational effectiveness [33, 34].

Each field of dentistry has a distinct educational envi-
ronment based on its specific characteristics and edu-
cational context. As a result, there is a disparity in the 
applications of VR technologies  across various fields 
of dentistry. VR technologies will become more evenly 
spread across different fields as time passes and techno-
logical limitations are resolved. However, this does not 
mean that VR applications will take over all areas; rather, 
they might serve as a complement to traditional learning 
methods. The ability to provide immediate educational 
feedback and automatic evaluation are two important 
features of VR technologies to improve the quality of tra-
ditional education [35]. The empirical evidence of some 
studies indicates that the use of VR simulators along with 
traditional training creates a favorable approach to teach-
ing dental skills to students [18, 36].

The majority of the studies approve that VR signifi-
cantly enhances students’ practical skills training and 
proficiency. Despite the consensus on the preferred 
use of VR systems from the student’s perspective, there 
remains slight controversy about whether or not VR 
training systems can improve hand skills training and 
dental students’ proficiency [24, 26, 37]. Nevertheless, all 
studies indicate VR applications are at least as effective as 
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traditional learning methods. The only ambiguity men-
tioned in the studies is related to the student evaluation 
methods and the hardware and software used.

VR systems also seem to be valuable in postgraduate 
dental education, typically with the help of their immer-
sive properties. For instance, novice surgical residents 
who used the VR surgery training system showed sig-
nificantly higher self-confidence than the control group. 
It’s also declared that this higher self-confidence is asso-
ciated with an enhanced comprehensive transfer of 
knowledge obtained during VR training’s multisensory 
integrated experience [20]. In general, VR simulators 
provide the possibility of evaluating different areas of the 
body for the diagnosis, planning, and training of dental 
surgery and can create tremendous development in this 
field in the future [38–40]. In line with previous state-
ments, other studies show that the VR groups generally 
acquired higher knowledge scores than the traditional 
control groups. In the study of Kyaw et al., VR is counted 
as one of the primary forms of blended digital education, 
which has added educational values in communication 
skills and knowledge transfer [41].

In general, it can be said that today one of the most 
important competitive indicators in universities is the 
ability to use new technologies in the teaching and learn-
ing process. There is no doubt that VR simulators in 
dental education can cause a tremendous change in the 
training of capable and skilled students. VR technolo-
gies can be as effective as conventional teaching meth-
ods in dental education. These technologies can be a very 
valuable supplement to conventional training in dental 
schools. Designing educational scenarios is essential for 
the effective integration of virtual reality simulators in 
the educational process.

One of the common limitations in systematic review 
studies is related to bias in the selection of articles. 
To overcome this limitation, the search strategy was 
designed to include all studies in this field. Considering 
that the included studies had different goals in the use 
of virtual reality in dental education, it was not possible 
to conduct a meta-analysis in this study. The number of 
studies reviewed was small. Nevertheless, these stud-
ies show the positive effects of using virtual reality in 
improving students’ learning performance.

Conclusion
The main goal of this systematic study was to investigate 
the effectiveness of VR technology in dental education. 
In this study, conventional education approaches were 
compared with virtual reality-based education. A com-
prehensive review of studies indicated that compared to 
conventional learning approaches, virtual reality-based 
education plays an effective role in improving the level of 

theoretical knowledge and practical skills of dental stu-
dents. In addition, this educational approach can posi-
tively affect the level of self-confidence of learners in the 
learning process and create a more attractive learning 
environment.
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