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Virtual reality in the teaching of undergraduates
in Dentistry: an integrative review

Abstract The objective of this study was to investigate, through a literature review,
the use of virtual reality in the teaching-learning process of undergraduate Dentistry.
This is an integrative literature review study, with high sensitivity searches, carried out
in the Medline (PubMed), EMBASE (Elsevier), Cochrane Library and Virtual Health
Library databases, using descriptors related to virtual reality, teaching in Dentistry and
education, with related terms retrieved from MeSH, DeCS and Emtree. The search was
carried out in May 2022 for clinical trials in Portuguese, English or Spanish. After
evaluation using the established inclusion and exclusion criteria, 14 clinical trials,
published between 2004 and 2021 in English, were included. The most tested
purposes of virtual reality technologies were for cavity preparations for caries removal
(n=7) and in theoretical teaching (n=2). Regarding participant assessment
instruments, the practical assessment of manual dexterity was the most used (n=9).
The most recurrent limitations (n=6) were deficiencies in the evaluation or evaluation
methods of the studies. Thus, it is concluded that the use of virtual reality in the area
of Dentistry has the potential to improve technical skills and complement the teaching
of theoretical subjects in undergraduate courses. Considering this potential, it is
suggested that more studies be carried out to improve the effectiveness and
applicability of virtual reality in undergraduate studies.

Descriptors: Virtual Reality. Education, Dental. Education Technology.

Realidad virtual en la ensefianza de pregrado en odontologia: una revision
integradora

Resumen El objetivo de este estudio fue investigar, a través de una revision de la
literatura, el uso de la realidad virtual en el proceso de ensefianza-aprendizaje de la
carrera de Odontologia. Se trata de un estudio de revision integradora de la literatura,
con bulsquedas de alta sensibilidad, realizado en las bases de datos Medline
(PubMed), EMBASE (Elsevier), Biblioteca Cochrane y Biblioteca Virtual en Salud,
utilizando descriptores relacionados con la realidad virtual, la ensefianza en
Odontologia y la educacién, con temas relacionados. términos recuperados de MeSH,
DeCS y Emtree. La busqueda se realizd en mayo de 2022 de ensayos clinicos en
portugués, inglés o espafiol. Tras la evaluacion mediante los criterios de inclusion y
exclusion establecidos, se incluyeron 14 ensayos clinicos, publicados entre 2004 y
2021 en inglés. Los usos mas probados de las tecnologias de realidad virtual fueron
la preparacion de cavidades para la eliminacion de caries (n=7) vy la ensefianza tedrica
(n=2). En cuanto a los instrumentos de evaluacion de los participantes, la evaluacion
practica de la destreza manual fue la mas utilizada (n=9). Las limitaciones mas
recurrentes (n=6) fueron deficiencias en la evaluaciéon o métodos de evaluacion de
los estudios. Asi, se concluye que el uso de la realidad virtual en el area de Odontologia
tiene el potencial de mejorar las habilidades técnicas y complementar la ensefianza de
materias tedricas en los cursos de pregrado. Considerando este potencial, se sugiere
realizar mas estudios para mejorar la efectividad y aplicabilidad de la realidad virtual
en los estudios de pregrado.

Descriptores: Realidad Virtual. Educacion en Odontologia. Tecnologia Educacional.

Realidade virtual no ensino da graduacdo em odontologia: uma revisao
integrativa

Resumo O objetivo deste estudo foi investigar, por meio de uma revisao de literatura,
a utilizagdo da realidade virtual no processo de ensino-aprendizagem da graduacgao
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em Odontologia. Trata-se de um estudo de revisdo integrativa da literatura, com
buscas de alta sensibilidade, realizado nas bases de dados Medline (PubMed),
EMBASE (Elsevier), Cochrane Library e Biblioteca Virtual em Salde, utilizando-se
descritores relacionados a realidade virtual, ensino na Odontologia e educagdo, com
termos correlatos recuperados no MeSH, DeCS e Emtree. A busca foi realizada em
maio de 2022 por ensaios clinicos nas linguas portuguesa, inglesa ou espanhola.
Apds avaliacao por meio dos critérios de inclusao e exclusdo estabelecidos, 14 ensaios
clinicos, publicados entre os anos de 2004 e 2021 em lingua inglesa, foram incluidos.
As finalidades mais testadas das tecnologias de realidade virtual foram para preparos
cavitarios para remogdo de carie (n=7) e no ensino tedrico (n=2). Quanto aos
instrumentos de avaliagdo dos participantes, a avaliagdo pratica de destreza manual
foi @ mais usada (n=9). As limitagbes mais recorrentes (n=6) foram deficiéncias na
avaliagdo ou nos métodos avaliativos dos estudos. Assim, conclui-se que a utilizagao
da realidade virtual na area da Odontologia apresenta o potencial de aprimorar
habilidades técnicas e complementar o ensino de assuntos teoricos de disciplinas da
graduacdo. Considerando esse potencial, sugere-se que mais estudos sejam
realizados para uma melhor eficicia e aplicabilidade da realidade virtual na graduacdo.
Descritores: Realidade Virtual. Educacdo em Odontologia. Tecnologia Educacional.

INTRODUCTION

The training of health professionals has been discussed over the years by the educational script based on traditional
methodologies, which fragment the teaching-learning process. The search for technical efficiency and specific knowledge
contributed to the solidification of this "banking" education, in which the teacher assumes himself as a "transmitter of
knowledge" and the student as a passive agent, receiver of this knowledge!2.

Many weaknesses are associated with this educational model, in which the student usually has little interaction and
motivation in the classroom for the content taught. When the student only plays a role of listener in the school
environment he is subject to low performance in the fixation of knowledge, because this condition of listener favors
passivity and often forgetting the subjects taught which hinders learning. In addition, the distance between theory and
practice, lack of problematization and proximity to social reality predominate3.

Linked to this, it is known that there is still, on the part of some institutions and teachers, a difficulty in accepting changes
in the teaching-learning process. However, with the arrival of the COVID-19 pandemic, teaching-learning methods had
to be adapted. Teachers, even those who did not use it, had to adopt technology as a resource to keep the curriculum
and classes going. In this perspective, something that has been gaining prominence in teaching is virtual reality,
considered one of the most innovative technologies of this century in this area, allowing to associate theory with practice,
offering immersive and more realistic learning experiences*>.

Virtual reality allows the creation of a virtual environment and when applied in the area of health, for example, one can
evaluate the most varied anatomical forms, as well as train the accuracy of a surgical procedure and the various forms
of diagnosis in the human body®. When it comes to training health professionals, virtual reality allows students to simulate
the most realistic and risk-free procedures practices, as well as learning certification and competencies for specific
techniques’. In dentistry, the incorporation of technologies in education allowed the implementation of innovative
teaching methods in the teaching-learning process, differing from traditional teaching, which does not use technologies
in the students' educational process8?°.

Therefore, observing the limitations of the traditional teaching model, as well as the advantages and benefits of the use
of virtual reality in the training process of undergraduate students, this study aims to investigate, through a literature
review, the use of virtual reality in the teaching-learning process of undergraduate Dentistry.
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METHOD

This is an integrative review of the literature, seeking high sensitivity, following the guiding scientific question: "How is
virtual reality being used in the teaching-learning process of undergraduate Dentistry?" The search was conducted in
May 2022, in the databases: Medline (PubMed), EMBASE (Elsevier), Cochrane Library and Virtual Health Library.

The inclusion criteria established were scientific articles of the clinical trial type that present primary data written in the
Portuguese, English or Spanish languages; and studies conducted with undergraduate students in Dentistry, where virtual
reality is being inserted in the learning context. The exclusion criteria were studies describing only methodological data
and/or incomplete results or not consistent with the inclusion criteria of this review; and validation studies of some virtual
reality device or software without evaluation for educational purposes.

The search in the databases used the main descriptors extracted from MeSH and Emtree: “Virtual Reality”, *Virtual Reality
Exposure Therapy”’, "'Virtual Reality System”, "Augmented Reality”, "Dentistry”, “School Dentistry”, “Schools, Dental”,
“Health Education, Dental’, “Dental Education”, "Education, Dental, Graduate”, “Teaching’, “Education”, “Health
Education”, “Education, Professional”, “Education, Graduate” and “Graduate Education”; with their respective versions in
Portuguese (DeCS) and synonyms suggested by the controlled vocabularies cited related to the theme of this review.
The Boolean operator OR was used to combine the main descriptors with their respective synonyms, and the Boolean
operator AND to join each combination of descriptors. For each database a search was performed.

No restriction criteria were used in the databases, as well as any type of search filter, considering that the selection of
these tools would substantially reduce the amount of indexed articles. In the Medline and EMBASE databases, a clinical
trial recruitment strategy was used, based on the study by Robinson and Dickersin, in (2002)1°.

Initially, we performed the removal of duplicates, and evaluation of titles and themes. From this, the abstracts and full
texts were read, and when not compatible with the inclusion and/or exclusion criteria, the articles were eliminated. Finally,
eligible studies were included by the detailed reading of the manuscript and approach to the guiding question of this
study.

After the selection of articles, an organized summary of its contents was made. The process of data extraction of the
articles, which were screened, was carried out independently by three evaluators and was guided by a standard analysis
form, used in the evaluation of the studies recruited in all the search strategies mentioned above. With disagreements in
the collected data, the inclusion of these in the study was conditioned to the consensus among the trio of reviewers.

RESULTS

The application of virtual reality technologies to improve learning and manual dexterity of students in undergraduate
dentistry has been studied in recent years. A total of 164 publications was retrieved from the databases, and after the
stages of screening and application of the eligibility criteria, 14 clinical trial articles remained to compose this review
(Figure 1).

The articles were published between the years 2004 and 2021 in English, using as research public students of the
Dentistry course ranging between the first and last year of graduation. The sample number varied between 20 and 130
students of both sexes (male and female) distributed in at least two groups (control and experimental). The total follow-
up time of the studies ranged from one hour and seventeen minutes up to one year of tests.

The virtual reality technologies tested in the studies had mainly the objective of improving the learning and manual
dexterity of the students in the accomplishment of dental procedures, as cavitary preparations for removal of caries
(n=7), endodontic access (n=1) and porcelain crowns fused with metal (n=1); marking, drilling and widening of
holes for dental implants (n=1); intraoral anesthetic technique (n=1); periodontal treatment (n=1); and theoretical
knowledge (n=2). The main results found, as well as the technologies tested and their purposes, are described in
Table 1.

Rev ABENO. 2023;23(1):1976 - http://dx.doi.org/10.30979/revabeno.v23i1.1976 - 3



http://dx.doi.org/10.30979/revabeno.v23i1.1976

Virtual reality in the teaching of undergraduate in Dentistry  Jacome EVM et a

)
|dentified records: Records remaoved Aefore the soeaning
5 Totaln=164 Duplicate records removed (n =
E By database: 31)
= Medline {PubMed) (n = 80); > Records marked as ineligible by
£ EMBASE (Elsevier) (n = 22); automation tools (n = 0)
ﬁ Cochrane Library (n = 28); Records removed for other reasons
Virtual Health Library (n = 35). n=0)
—
S
Records sorted by title Records excluded
(n=23) (n=110)
o .
E Records selected by summaries .| Records excluded
g (n=23) =l n=0)
b
¥
m l
— Records excluded:
Records evaluated for eligibility (full Incomalete results (n = 1)
. = \ 4
teadj i > Different population (n = 1)
(n=23) | Different study type (n = 5)
l Validation studies (n = 2)
e’
3
o Studies included in the review
=] e an
T (n=14)
=

Figure 1. Flow diagram of study selection, following the PRISMA 2020 protocol.

In relation to the assessment tools used in the studies, to measure the effectiveness of the use of virtual reality in the
teaching-learning process, it was observed that three different assessment instruments were applied: the questionnaires
with answers evaluated by scores of scores obtained by the students (n=3); the performance scale, fostered by
responses evaluated by practical performance with pre-established criteria (n=3); and the practical evaluation, used in
greater quantity (n=9) based on the analysis of a blind evaluator to qualify students' performance. Only one study used
two instruments to analyze the effectiveness of the technology tested, being them the performance scale and the
practical evaluation.

The potential of the virtual reality technologies tested, as well as the limitations present in the studies are points that
also deserve to be analyzed. Regarding the potentialities, it was observed that most of the technologies stood out for
facilitating the practical learning of dental clinical procedures with the tactile sensation similar to reality and interactive
visualization of the oral cavity. In addition, from the perspective of theoretical teaching, the development of students'
autonomy in the acquisition of knowledge and in the self-assessment of their learning were benefits identified in some
technologies (Table 2).

As for the limitations found in the methodological design of the studies, these are mainly related to problems in the pre-
training of students (little time in the execution of tasks for a first contact with technologies), evaluation or evaluation
methods (absence of evaluations of methodological reliability, comparisons between the analysis by teachers with the
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technologies and specifications of the evaluation processes), in the number of individuals recruited (non-representative
sample number) understanding of the methodological design (lack of more clarifying information for reproducibility of

the study).

Tablel 1. Methodological data and main results of the included studies.

Publication
(Author, year)

Purpose of
Virtual Reality
Technology

Tested Virtual Reality
Technology

Main results

Quinn et al., 2003:™
LeBlanc et al.,
20042 Wierinck et
al,, 2005;" Wierinck
et al., 2006;'*
Dwisaptarini et al.,
2018;"® Vicent et al.,
2020;"® Murbay et
al., 2020."

Suebnukarn et al.,
2011.18

Kikuchi et al.,
2013."°

Mladenovi¢ et al.,
2020.%°

Nardy et al., 2011.%

Zhang et al., 2021 .2

Hashemikamangar et
al, 2016,

Vadillo et al.,
2019.2

Cavity preparation
for  removal  of
caries

Cavity preparation
for endodontic
access

Cavity  preparation
for porcelain-fused-
to-metal crowns

Intraoral anesthetic
technique

Marking, drilling
and widening of
holes for dental
implants

Periodontal
treatment

Theoretical
knowledge

3D Micro-CTs (SkyScan 1172);
Omni Visuo-Tactile Virtual Reality

Simulator (SensAble);
DentSim® computer-aided
simulator (DenXLtd);
MoogSimodont  dental trainer
simulator (Moog BV); YRBT
operational simulator; Virteasy
Haptic Simulator; and

DentSIimTM Browser
Haptic virtual reality simulator
with computed tomography

DentSim Virtual Reality Simulator
Download

Dental Simulator mobile app

Navigation system in virtual
reality
DenexImageGuidedimplantology
(DenXAdvanced Dental
Systems)

UniDental Virtual Reality System

Immersive experience through
“‘SARMAD"  e-learning  from
Tehran University of Medical
Sciences Virtual School; and
Second Life System (LindenLab)

For most of the technologies tested there
were no significant differences between the
experimental and control groups, both had
similar performance results

Post-training performance improved
significantly (p < 0.05) compared to pre-
training performance in the error scores in
performing  the  procedure in  the
experimental and control groups

The total scores of the students of the two
experimental groups tested were significantly
higher than those of the control group (p <
0.05)

Significant improvement (p < 0.05) of the
participants of the experimental group in
relation to the control group, which also had
a better mean of time to perform the
procedure

In the first the
experimental group performed significantly
better than the control group (p = 0.016).
In the second hemiarc, the performance of
the control group seemed better than that of
the experimental group (p = 0.05)

The findings showed no significant difference
(p > 0.05) in the first theoretical results
among the four groups tested. The two
experimental groups that performed training
in virtual mandible obtained better significant
performance (p < 0.05) in the second
theoretical exam, in the operational and
dimensioning process

Significant improvement in the experimental
groups by the technologies tested according
to the learning objectives analyzed

mandibular hemiarch
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Table 2. Main strengths of the tested virtual reality technologies and weaknesses/limitations of the included studies.

Publication Study Potentialities of Weaknesses /
(Author, year) Locations Tested Technologies Limitations of Studies
Dwisaptarini et al., 2018;'>  Thailand Interactive visualization of hard oral tissues  Short time of pre-training
Nardy et al., 2011 .21 and Israel with color differentiation; and tactile

sensation similar to reality in performing
clinical procedures

Hashemikamangar et al., Iran, Japan, Autonomy of students in the acquisition of Weaknesses in evaluation
2016;23 Canada, knowledge and self-assessment; ease in  or evaluation methods
Kikuchi et al., 2013;19 Kosovo, practical learning of procedures; low cost

LeBlanc et al., 200412 China and when it allows the use in smartphone; and

Mladenovic et al., 2020;20 Ireland possibility of several schedules with

Murbay et al., 2020;17 different contents

Quinn et al., 2003.1"

LeBlanc et al., 200412 Canada, Ease of practical learning of procedures Limited samples

Vadillo et al., 2019;24 Peru  and with reduced margins of error; and realistic

Suebnukarn et al, 2011.'%  Thailand simulations of dental care

Vicent et al., 2020;16 France, Ease in practical learning of procedures; Weaknesses in the
Wierinck et al., 2005;13 Belgium and interactive visualization of oral hard methodological design
Wierinck et al., 2006;14 China tissues; and tactile sensation similar to

Zhang et al., 2021 .22 reality in performing clinical procedures

DISCUSSION

Dental education concentrates much of its workload in clinical care, with the aim of training and practical training of
students. Thus, teachers and students need to develop skills and abilities in training to act in comprehensive health
care2>26, This is often challenging, since it involves the search and planning of the best teaching strategies to qualify the
training of students, and the use of virtual reality in graduation has been gaining more and more space in this process?”’.

Among the various dental procedures learned at graduation, the restoration of dental elements affected by caries is one
of the most performed in the clinic28. Half of the articles included brought applications of virtual reality systems to assist
in learning and manual dexterity of students in performing the removal of carious tissue. Two studies found that training
with a DentSim™ virtual reality browser (Image Navigation, Moshava, HaZafon, Israel) with feedback from instructors
provided better overall performance (p < 0.05) manual dexterity, especially in the evaluation of the depth of the pulp
wall, with less risk of exposure to pulpar!3.'4, However, it was observed that the constant feedback condition was not
effective in the short term, and this feature can arouse the student's dependence on this condition, interfering in the
formation of skills and abilities.

When tested the simulator Moog Simodont dental trainer (Moog BV, Nissin Dental Products, Nieuw-Vennep,
Netherlands), 75% of the students of the experimental group (n=18) had success in the preparation cavitary for
restoration Class 1, while only 43% of the control group (n=14) were successful. This simulator allows a faster transition
of students from the preclinical study to the clinical study, in addition to providing treatment plans for a wide variety of
cases of patients and dental pathologies, as well as the possibility of self-assessment!”.

However, although some virtual reality systems show good results in the overall performance of students in cavity
preparation, some studies have not found significant differences between the use of technology and conventional
practice’215.76, |t was observed in two studies that in retaining the cavity walls the use of technology was as effective as
conventional practice!!-13. This criterion is of fundamental importance since the success of restoration, especially in large
cavities, also depends on the prepared retentive areas?®.
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Other types of cavitary preparations commonly performed in clinic are those for endodontic and/ or prosthetic purposes,
for receiving dental crown. Regarding the preparations for endodontic access, one study demonstrated that the use of a
haptic virtual reality simulator with computed tomography generated a significantly better performance (p < 0.05) post-
training of students in the execution of the procedure’®. As observed in a study that verified the use of a virtual reality
simulator DentSim for cavity preparation for porcelain crowns cast with metal, in which the scores obtained by the
students in the stipulated evaluation criteria and preparation time were significantly higher (p < 0.05) than those of the
control group'®.

These results demonstrate the potential of virtual reality technologies in the teaching of cavitary preparations, and it is
important to emphasize that teacher monitoring in this process is essential for the evaluation and control of the
effectiveness of technologies. Guidance and evaluation by professional teachers are indispensable and virtual systems
cannot completely replace traditional training courses3.

Regarding the area of anesthesiology, a study tested the use of a smartphone application Dental Simulator to assist in
the practice of blocking the inferior alveolar nerve, where significant improvement was observed (p < 0.05) in the
learning and manual dexterity of the students of the fourth year of graduation who used the application, as well as in
the time of accomplishment of the procedure?0.This result corroborates with a study that tested the practice of anesthesia
of blockade of the inferior alveolar nerve, of beginners in the area, with a haptic device of virtual reality, in which its use
was considered quite satisfactory for the training of anesthesia, considering the needle insertion task, which includes the
correct insertion point and depth, as well as the perception of tissue resistances during insertion3!.

As for more specific procedures, which are often not experienced at graduation, there is rehabilitation with dental
implants. In implant dentistry, a survey tested the virtual reality navigation system Denex Image Guided Implantology®
(DenX Advanced Dental Systems, MoshavOra, Israel) to perform procedures prior to the installation of dental implants
by last year students, in which it was observed that in the first test of the procedures in a mandibular hemiarch, the
experimental group had a better performance when compared to the control group (p = 0.016). However, the execution
of all tasks was significantly faster in the control group than in the experimental group (60.75 vs 77.25 minutes, p =
0.02)21. This result can be justified by the fact that in the control group the methodology used in the procedures was
the conventional, which combined with the repetitions performed by the students; their performance can be optimized
when compared to the use of a new system.

Regarding periodontal health, a study evaluated the effectiveness of the UniDental virtual reality system (Zhonghui
Technology Institute, Shanghai, China), accompanied by theoretical and practical training on basic periodontal
knowledge, performance of students in performing supra gingival scrapings, presenting a better significant performance
(p < 0.05), for those who composed the experimental group, in the theoretical, operational and dimension evaluations?2,
The use of theoretical and practical training prior to the tests was an important strategy, since the understanding of
factors related to oral tissue health and the technique of procedures are essential for the success of periodontal
treatment.

In this perspective, some authors reinforce that the preparation of the student still in graduation is decisive for the quality
of care, and should be evaluated from the elaboration and use of strategies that favor the characterization of theoretical
knowledge student's practice in the execution of clinical procedures32. Corroborating with this line of thought, two studies
evaluated the effects on the learning of dental theoretical subjects from the Second Life24 system and immersive virtual
reality in e-learning "SARMAD"23 (Tehran University of Medical Sciences, Tehran, Iran) students of the fifth and final
semester of graduation, respectively. In both studies, there was a significant improvement (p < 0.05) in knowledge, in
post-tests applied in experimental groups, especially in learning objectives related to understanding concepts and
interpretation. Despite the positive results, it is noted that the Second Life system, as a restricted educational approach,
does not have the potential to improve students' learning for situations that require personal relationships.

Evaluating the satisfaction of students (n=32) with immersive experiences of virtual reality in theoretical teaching, 70%
of these stated that they would suggest the e-learning "SARMAD" as an efficient educational modality and 93,3% stated
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that this method would be beneficial as a complement to conventional education23. However, there are also reports of
criticisms and restrictions on e-learning, such as the need to simplify the navigation of programs, the presence of more
self-assessment33, and teacher training exercises to use e-learning34, in addition to the understanding that this resource
cannot bring a change in teaching alone3>. Thus, virtual reality demonstrates potential as a complement to conventional
teaching, enriching the teaching-learning process of students, but it is important that an adequate evaluation for virtual
reality systems is performed by the studies, effectiveness, applicability and limitations in the educational field.

In this follow-up, analyzing the evaluation instruments used by the studies included in this review, it was observed that
the practical evaluation was the most used instrument (n=9). However, the clinical and evaluative look changes
according to each individual, generating a greater limitation with regard to the reliability criteria of this instrument, since
it is difficult to standardize the way these evaluators outlined their results. As for the applicability of the technologies
tested, it was observed that no study was conducted in Brazil, which presents an economic and social scenario different
from countries of the Asian and European continent that were where most of the included studies were conducted (n=7
and n=4, respectively). Part of these countries has a higher level of development than Brazil and greater investments in
education, which favors the insertion of virtual reality technologies in the university.

Thus, what can justify the lack of studies on this subject in Brazil is the high cost associated with the implementation of
these technologies in graduation. Since a potential limitation of virtual reality is the cost of introducing equipment,
including softwares3¢, mainly thinking of a large-scale implementation for a population of university students. Thus,
despite the potential observed in the technologies tested, which demonstrate applicability mainly in the development of
manual dexterity in students, strategies should be sought to reduce costs and make more accessible for graduation,
quality, thus envisioning feasibility of implementation in underdeveloped countries.

As for the limitations found in the studies, which have repercussions on the methodological design, it was observed that
the weaknesses in the evaluation or evaluation methods were considered as quite recurrent limitations. This can be
explained by the need to briefly describe the entire evaluation process to increase the reliability of the results. The greater
delineation of this information will enable a better analysis of the effectiveness of virtual reality systems, so that teachers
feel safer and aware of applying them in undergraduate education, thinking mainly in the qualification of the learning of
the students of Dentistry and in the preparation for the labor market.

Given the limitations found and weaknesses in the processes of evaluation and elaboration of virtual reality technologies,
it is emphasized that, although there are very promising resources, some of the technologies did not perform satisfactory
results when compared to the conventional teaching model. Thus, it is proposed that more studies be conducted seeking
less subjectivity in the evaluation of virtual reality technologies through the structuring of evaluative parameters of systems
and more elucidated methodological designer.

CONCLUSION

Virtual reality has been used as a valuable tool in the teaching-learning process of dental students. Its use in the area of
Dentistry has the potential to improve technical skills related mainly to cavity preparations for removal of caries and as
a complement in the teaching of theoretical subjects of undergraduate disciplines. These findings demonstrate a viable
path, since these technologies are able to complement the traditional teaching method for clinical skills and theoretical
knowledge, preceding, with a better preparation of the students, their clinical care, thus becoming promising instruments
for graduation.

REFERENCES

Costa RRO, Medeiros SM, Martins JCA, Menezes RMP, Aratjo MS. O uso da simulagdo no contexto da educacdo e
formagdo em salde e enfermagem: uma reflexdo académica. Rev Esp Saude. 2015;16(1):59-65.

2. Fontes FLL, Santana RS, Silva HLL, Bezerra AMFA, Brito RG, Oliveira Il, et al. Atuagdo do enfermeiro docente no
ensino superior: entre o real e o ideal. Inter J Develop Res [Internet]. 2020;10(5):35924-35928. doi
https://doi.org/10.37118/ijdr.18795.05.2020

Rev ABENO. 2023;23(1):1976 - http://dx.doi.org/10.30979/revabeno.v23i1.1976 - 8



http://dx.doi.org/10.30979/revabeno.v23i1.1976
https://doi.org/10.37118/ijdr.18795.05.2020

Virtual reality in the teaching of undergraduate in Dentistry  Jacome EVM et a

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Noro LRA, Santos BCSF, Souza PHS, Pinheiro IAG, Borges REA, Nunes LMF, et al. O professor (ainda) no centro do
processo  ensino-aprendizagem em  Odontologia. Rev  ABENO  [Internet]. 2015;15(1):2-11. doi:
https://doi.org/10.30979/rev.abeno.v15i1.146

Achuthan K, Nedungadi P, Kolil V, Diwakar S, Raman R. Innovation adoption and diffusion of virtual laboratories. Inter
J Onl Biomed Engin [Internet]. 2020;16(9):4-25. doi: https://doi.org/10.3991/ijoev16i09.11685
Grivokostopoulou F, Kovas K, Perikos |. The effectiveness of embodied pedagogical agents and their impact on
students learning in virtual worlds. Applied Sci [Internet]. 2020;10(5):1-14. doi:
https://doi.org/10.3390/app10051739

Ayoub A, Pulijala Y. The application of virtual reality and augmented reality in oral maxillofacial surgery. BMC Oral
Health [Internet]. 2019;19(238):1-8. doi: https://doi.org/10.1186/s12903-019-0937-8

Inssenber SB, Gordon MS, Gordon DL, Safford RE, Hart IR. Simulation and new learning technologies. Med Teach
[Internet]. 2001;23(1):16-23. doi: https://doi.org/10.1080/01421590020007324

Inquimbert C, Tramini P, Romieu O, Giraudeau N. Pedagogical Evaluation of Digital Technology to Enhance Dental
Student Learning. Eur J Dent [Internet]. 2019;13(1):53-57. doi: https://doi.org/10.1055%2Fs-0039-1688526
Walmsley AD. Establishing New Dental Schools: Lessons Learned and Future Promise. J Dent Educ [Internet].
2018;82(6):547-548. doi: https://doi.org/10.21815/jde.018.060

Robinson KA, Dickersin K. Development of a highly sensitive search strategy for the retrieval of reports of controlled
trials using PubMed. Inter J Epid [Internet]. 2002;31 (1):150-53. doi: https://doi.org/10.1093/ije/31.1.150

Quinn F, Keogh P, McDonald A, Hussey D. A study comparing the effectiveness of conventional training and virtual
reality simulation in the skills acquisition of junior dental students. Eur J Dent Educ [Internet]. 2003;7 (4):164-169.
doi: https://doi.org/10.1034/}.1600-0579.2003.00309.x

LeBlanc VR, Urbankova A, Hadavi F, Lichtenthal RM. A preliminary study in using virtual reality to train dental students.
J Dent Educ [Internet]. 2004,68(3):378-383. doi: https://doi.org/10.1002/j.0022-0337.2004.68.3.tb03754 x
Wierinck E, Puttemans V, Swinnen S, Steenberghe DV. Effect of augmented visual feedback from a virtual reality
simulation system on manual dexterity training. Eur J Dent Educ [Internet]. 2005;9(1):10-16. doi:
https://doi.org/10.1111/j.1600-0579.2004.00351 x

Wierinck E, Puttemans V, Steenberghe DV. Effect of tutorial input in addition to augmented feedback on manual
dexterity training and its retention. Eur J Dent Educ [Internet]. 2006;10(1):24-31. doi
https://doi.org/10.1111/j.1600-0579.2006.00392 .x

Dwisaptarini AP, Suebnukarn S, Rhienmora P, Haddawy P, Koontongkaew S. Effectiveness of the multilayered caries
model and visuo-tactile virtual reality simulator for minimally invasive caries removal: a randomized controlled trial. Op
Dent [Internet]. 2018;43(3):110-118. doi: https://doi.org/10.2341/17-083-c

Vincent M, Joseph D, Amory C, Paoli N, Ambrosini P, Mortier E, et al. Contribution of haptic simulation to analogic
training environment in restorative dentistry. J Dent Educ [Internet]. 2020;84(3):367-376. doi
https://doi.org/10.21815/jde.019.187

Murbay S, Neelakantan P, Chang JWW, Yeung S. Evaluation of the introduction of a dental virtual simulator on the
performance of undergraduate dental students in the pre-clinical operative dentistry course. EurJ Dent Educ [Internet].
2020;24(1):5-16. doi: https://doi.org/10.1111/eje. 12453

Suebnukarn S, Hataidechadusadee R, Suwannasri N, Suprasert N, Rhienmora P, Haddawy P. Access cavity
preparation training using haptic virtual reality and microcomputed tomography tooth models. Inter End J [Internet].
2011;44(11):983-989. doi: https://doi.org/10.1111/j.1365-2591.2011.01899 .x

Kikuchi H, lkeda M, Araki K. Evaluation of a virtual reality simulation system for porcelain fused to metal crown
preparation at Tokyo Medical and Dental University. J Dent Educ [Internet]. 2013;77(6):782-792. doi:
https://doi.org/10.1002/j.0022-0337.2013.77.6.tb05530.x

Mladenovi¢ R, Pereira L, Djordjevi¢ F, Vlahovi¢ Z, Mladenovi¢ K, Cvetkovi¢ A, et al. The use of mobile-aided learning
in education of local anesthesia for the inferior alveolar nerve block. Vojnos Preg [Internet]. 2020;77(8):839-843.
doi: http://dx.doi.org/10.2298/VSP2009004E

Rev ABENO. 2023;23(1):1976 - http://dx.doi.org/10.30979/revabeno.v23i1.1976 - 9



http://dx.doi.org/10.30979/revabeno.v23i1.1976
https://doi.org/10.30979/rev.abeno.v15i1.146
https://doi.org/10.3991/ijoe.v16i09.11685
https://doi.org/10.3390/app10051739
https://doi.org/10.1186/s12903-019-0937-8
https://doi.org/10.1080/01421590020007324
https://doi.org/10.1055%2Fs-0039-1688526
https://doi.org/10.21815/jde.018.060
https://doi.org/10.1093/ije/31.1.150
https://doi.org/10.1034/j.1600-0579.2003.00309.x
https://doi.org/10.1002/j.0022-0337.2004.68.3.tb03754.x
https://doi.org/10.1111/j.1600-0579.2004.00351.x
https://doi.org/10.1111/j.1600-0579.2006.00392.x
https://doi.org/10.2341/17-083-c
https://doi.org/10.21815/jde.019.187
https://doi.org/10.1111/eje.12453
https://doi.org/10.1111/j.1365-2591.2011.01899.x
https://doi.org/10.1002/j.0022-0337.2013.77.6.tb05530.x
http://dx.doi.org/10.2298/VSP2009004E

Virtual reality in the teaching of undergraduate in Dentistry  Jacome EVM et a

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Nardy C, Sahar N, Eyal T, Ervin IW. Evaluation of a navigation system for dental implantation as a tool to train novice
dental  practitioners. J  Oral  Maxillofacial ~ Surg [Internet].  2011;69(10):2548-256.  doi:
https://doi.org/10.1016/j.joms.2011.04.026

Zhang J, Xing J, Zheng M, Sheng J, Zhang K, Zhang B. Effectiveness of virtual simulation and jaw model for
undergraduate  periodontal  teaching. BMC Med Educ [Internet]. 2021;21(616):1-10.  doi:
https://doi.org/10.1186/s12909-021-03064-1

Hashemikamangar SS, Yazdanpanah F, Mirzaii M, Yazdani R, Karazifard MJ, Yasini E. Efficacy of e-learning via the
website of tehran university of medical sciences for diagnosing tooth discolorations and treatment planning by senior
dental students. Act Med Ira. 2016;54(8):536-541.

Vadillo RM, Canales JOG, Lujan VCF, Malatto JMR, Asencios RHB, Vergit CEC. Use of virtual reality as a learning
environment in dentistry. Gen Dent [Internet]. 201967 (4):21-27.

Queiroz MG, Dourado LF. O ensino da odontologia no Brasil: uma leitura com base nas recomendacdes e nos
encontros internacionais da década de 1960. Hist Cienc Saude-Manguinhos [Internet]. 2009;16(4):1011-1026.
doi: https://doi.org/10.1590/50104-59702009000400010

Lage RH, Alemeida SKTT, Vasconcelos GAN, Assaf AV, Robles FRP. Ensino e aprendizagem em Odontologia: analise
de sujeitos e praticas. Rev Bras Educ Med [Internet]. 2017;41(1):22-29. doi: https://doi.org/10.1590/1981-
52712015v41n1RB20150155

Joda T, Bornstein MM, Jung RE, Ferrari M, Waltimo T, Zitzmann NU. Recent trends and future direction of dental
research in the digital era. Int J Env Res Pub Health [Internet]. 2020;17(6):1-8. doi:
https://doi.org/10.3390/ijerph17061987

Aratjo J, Valois EM, Lago ADN, Silva BMAH, Costa JF, Firoozmand LM. Remocdo parcial do tecido cariado em dentes
permanentes: uma revisdo integrativa da literatura. Rev Bras Odont [Internet]. 2017;74(1):31-35. doi:
https://doi.org/10.18363/rbo.v/4n1.p.31

Creeth JE, Karwal R, Hara AT, Zero DT, Grosso G, Godos J, Vinagre ARR. Avaliagdo clinica e laboratorial de diferentes
sistemas adesivos em dentistaria restauradora. Car Res [Internet]. 2017;37:131-156.

Plessas A. Computerized virtual reality simulation in preclinical dentistry: can a computerized simulator replace the
conventional phantom heads and human instruction?. J Soc Simulation in Healthcare [Internet]. 2017;12(5):332-
338. doi: https://doi.org/10.1097/sih.0000000000000250

Corréa CG, Machado MAAM, Ranzini E, Tori R, Nunes FLS. Virtual reality simulator for dental anesthesia training in
the inferior alveolar nerve block. J Applied Oral Sci [Internet]. 2017;25(4):357-366. doi
https://doi.org/10.1590/1678-7757-2016-0386

Costa RKS, Torres GV, Salvetti MG, Azevedo IC, Costa MAT. Instrumento para avaliar o cuidado de graduandos de
enfermagem a pessoa com ferida. Rev Esc Enfer USP [Internet]. 2015;49(2):317-325. doi
https://doi.org/10.1590/S0080-6234201 50000200018

Meckfessel S, Stihmer C, Bormann KH, Kupka T, Behrends M, Matthies H, et al. Introduction of e-learning in dental
radiology reveals significantly improved results in final examination. J Cranio-Maxillofacial Surg [Internet].
2011;39(1):40-48. doi: https://doi.org/10.1016/}.jcms.2010.03.008

Santos GNM, Leite AF, Figueiredo PTS, Pimentel NM, Flores-Mir C, Melo NS, et al. Effectiveness of e-learning in oral
radiology —education: a systematic review. J Dent Educ [Internet]. 2016;80:1126-11239. doi
https://doi.org/10.1002/j.0022-0337.2016.80.9.tb06195 x

Chang HJ, Symkhampha K, Huh KH, Yi WJ, Heo MS, Lee SS, et al. The development of a learning management system
for dental radiology education: a technical report. Imag Sci Dent [Internet]. 2017;47:51-55. doi:
https://doi.org/10.5624/isd.2017.47.1.51

Pinheiro PS, Tomé MA, Lustosa LP. Realidade virtual na unidade de terapia intensiva: uma revisdo integrativa. Rev
Eletr Acervo Saude [Internet]. 2021;13(10):1-9. doi: https://doi.org/10.25248/reas.e8929.2021

Conflict of Interest: The authors declare that there is no conflict of interest.

Rev ABENO. 2023;23(1):1976 - http://dx.doi.org/10.30979/revabeno.v23i1.1976 - 10



http://dx.doi.org/10.30979/revabeno.v23i1.1976
https://doi.org/10.1016/j.joms.2011.04.026
https://doi.org/10.1186/s12909-021-03064-1
https://doi.org/10.1590/S0104-59702009000400010
https://doi.org/10.1590/1981-52712015v41n1RB20150155
https://doi.org/10.1590/1981-52712015v41n1RB20150155
https://doi.org/10.3390/ijerph17061987
https://doi.org/10.18363/rbo.v74n1.p.31
https://doi.org/10.1097/sih.0000000000000250
https://doi.org/10.1590/1678-7757-2016-0386
https://doi.org/10.1590/S0080-623420150000200018
https://doi.org/10.1016/j.jcms.2010.03.008
https://doi.org/10.1002/j.0022-0337.2016.80.9.tb06195.x
https://doi.org/10.5624/isd.2017.47.1.51
https://doi.org/10.25248/reas.e8929.2021

Virtual reality in the teaching of undergraduate in Dentistry  Jacome EVM et a

Funding: This work was carried out with support from the Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) — Brazil. Financing Code: 88887.671052/2022-00.

Authors’ Contribution: Study conception and planning: EVMIJ, CFMC, EGF. Data collection, analysis and interpretation:
EVMJ, CFMC, EGF, MSB. Preparation or review of the manuscript: EVMJ, CFMC, EGF, MSB, CAMA, ACSPT, EGCN,
TAAMF. Approval of the final version: EVMI, CFMC, EGF, MSB, CAMA, ACSPT, EGCN, TAAMF. Public responsibility for
the content of the article: EVMJ, CFMC, EGF, MSB, CAMA, ACSPT, EGCN, TAAMF.

Rev ABENO. 2023;23(1):1976 - http://dx.doi.org/10.30979/revabeno.v23i1.1976 - 11



http://dx.doi.org/10.30979/revabeno.v23i1.1976

