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Background: Dental preclinical training has been traditionally centered onverbal instructions and subse-
quent execution on phantom heads and plastic training models. However, these present present limi-
tations. Virtual Reality (VR) and haptic simulators have been proposed with promising results and ad-
vantages and have showed usefullness in the preclinical training environment. We designed DENTIFY, a
multimodal immersive simulator to assist Operative Dentistry learning, which exposes the user to differ-
ent virtual clinical scenarios while operating a haptic pen to simulate dental drilling.

Objective: The main objective is to assess DENTIFY's usability, acceptance, and educational usefulness to
dentists, in order to make the proper changes and, subsequently, to test DENTIFY with undergraduate
preclinical dental students.

Methods: DENTIFY combines an immersive head mounted VR display, a haptic pen in which the pen
itself has been replaced by a 3D printed model of a dental turbine and a controller with buttons to
adjust and select the scenario of the simulation, along with 3D sounds of real dental drilling. The user’s
dominant hand operated the virtual turbine on the VR-created scenario, while the non-dominant hand is
used to activate the simulator and case selection. The simulation sessions occurred in a controlled virtual
environment. We evaluated DENTIFY’s usability and acceptance over the course of 13 training sessions
with dental professionals, after the users performed a drilling task in virtual dental tissues.

Results: The conducted user acceptance indicates that DENTIFY shows potencial enhancing learning in
operative dentistry as it promotes self-evaluation and multimodal immersion on the dental drilling expe-
rience.

Conclusions: DENTIFY presented significant usability and acceptance from trained dentists. This tool
showed to have teaching and learning (hence, pedagogical) potential in operative dentistry.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

Initially, dental education was taught and trained in real tis-
sues, such as removed teeth [2]. In 1894, phantom heads were

The educational setting in dentistry traditionally involves two
stages [1]: 1) theoretical schematic representation of the proce-
dures to be performed; and, 2) their training on models, to mimic
future application in supervised real clinical cases.
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firstly introduced and became the educational cornerstone in Den-
tistry [3]. Since then, they have permitted the recreation of the-
oretical clinical conditions after verbal and visual instructions on
their execution. Nevertheless, these models lack realism, diversity
as to pathologies and universal evaluation criteria thus contribut-
ing to subjective monitoring and grading [4]. The supervision of
this type of educational approach is time-consuming and may be
jeopardized by inadequate student/tutor ratio [5].
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As an alternative to these conventional training models, VR was
introduced for dental training, providing superior tutoring apti-
tudes during students performance [6,7]. Virtual reality (VR) refers
to technology that codes and compiles computer generated mul-
tisensory data to be perceived by users as alternative realities, al-
lowing them to immersively interact with simulated tasks, events
or scenarios frequently using head mounted displays. The growing
use of simulation in healthcare, using VR technologies that mimic
clinical reality, allows repetition and has been proven to add com-
petence in health care providers, thus increasing performance in
the clinical process and, therefore, increasing predictability and im-
proving patient outcomes [8].

To increase the immersion and realism of the VR simulation,
haptic technology has been proposed and used simultaneously in
dental training [9]. Haptics is defined as the science of applying
touch (tactile) sensation and control to interaction with computer
applications [10]. A haptic training simulator is a computer based
simulator enhanced with force (resistance to progression) and tac-
tile feedback. Haptic experience contributed to advance the stu-
dents’ stage in the learning curve when later confronted with real
scenarios [11].

Regarding the different dental specialties, several virtual mod-
els have been shown to increase learning skills in periodontal di-
agnosis and treatment [1], endodontic access cavities [12], oral
surgery [13] and also for training regional blockage of the in-
ferior alveolar nerve (proven to be adequate in several clinical
parameters such as depth, anatomical location of the puncture,
and resistance to progression) assisted by virtual tissue resistance
[14].

Considering Operative Dentistry, haptic simulation may be de-
cisive given the tactile complexity of the motor skills to be devel-
oped, namely resistance to the progression of cutting instruments
offered by different elements (enamel, dentine, pulp, restorations
and caries) with different degrees of mineralisation and density.
Urbankova et al. [15] reported that the use of operative dentistry
simulators at early stages of preclinical teaching improves stu-
dent performance. Additionally, haptics and VR training resulted
in greater learning efficiency, more hours of preclinical practice
and allowed for more assessments per hour than students trained
on traditional models in the University of Pennsylvania [16]. Also,
fifth-year students from the Tokyo Medical and Dental University
required less supervision by faculty members and showed greater
skills [17].

We developed DENTIFY, a pedagogical multimodal immersive
educational simulator, with the aim of recreating the cavity prepa-
ration phase inherent to operative dentistry, in a virtual envi-
ronment. Contrary to other Operative Dentistry dental virtual re-
ality simulators, DENTIFY includes the simulation of caries re-
moval on more than one tooth (depending on the degree of dif-
ficulty established for the given exercise), and it already includes
a multisensory stimulation by incorporating visual, tactile and au-
ditory stimuli in the VR environment. It also allows for exer-
cises to occur in two different modes: training mode and evalu-
ation mode, although only the training mode was tested on dental
professionals as a co-design strategy for future versions of DEN-
TIFY. It is our objective to futher include full arch simulation ex-
ercises, soft tissue presence, bimanual handling and emergency
scenarios.

Our goal is to verify if DENTIFY can positively assist teaching
and learning experiences for cavity preparation tasks. In order to
evaluate the educational usefulness, usability, and user acceptance
of DENTIFY’s interactive features, we conducted a user-study with
professional dentists.
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2. Materials and methods
2.1. Concept

DENTIFY is a tech probe aimed at assessing the user’s perceived
usability and educational potential by immersing a user in a virtual
environment composed of visual, auditory and haptic stimuli. Com-
bining a haptic pen, VR headsets, dental turbines drilling sounds,
patient-specific teeth models and a laptop, its intention is to be
a pedagogical tool with applicability in dental students’ preclinical
training environment.

Regarding the aforementioned preexisting simulators, we added
3D sound and an haptic device in which the pen itself has been
replaced by a 3D printed model of a dental turbine. Furthermore,
DENTIFY allows to simulate more than one cavity type in adjacent
teeth (involving one or two dental surfaces). To ease the transition
from the preclinical phase to the clinical university reality of oper-
ative dentistry, a virtual environment of the execution of a dental
cavity was built.

2.2. Visual component

We resorted on the Oculus Quest 256GB that provided the vi-
sual immersive modality. Participants remained seated at a desk
and used a haptic pen to perform cavity preparation tasks.

2.3. Apparatus and software

Our setup resorted on a laptop computer (Intel® Core™
i7.8750H CPU, 2.20GHz 2.21GHz Processor, 512GB RAM, 1TB HDD,
NVIDIA GeForce RTX 2060) running Windows 10 x64 bits. DEN-
TIFY was developed and coded with Unity 3D (version 2021.1.0)
using the C# programming language. Integration with Virtual Real-
ity was done using the XR Interaction Toolkit plugin. Regarding the
integration process of the haptic pen with the simulator, we used
the Openhaptics® Unity Plugin developed and maintained by 3D
Systems (Fig. 1). The integration of the haptic device (3D Systems
Touch Haptic Device) makes it possible for users to manipulate,
touch and to deform virtual objects. Additionally, it also allows to
configure the resistance offered as well as the vibration level. The
integration process of the haptic pen with the simulator uses the
3D Systems Openhaptics® Unity Plugin, developed and maintained
by 3D Systems. The touch haptic device allows the user to freely
move the device in the x, y and z axes. Although there is a maxi-
mum limit on the range of movement, namely position/sensing in-
put 6 degrees of freedom, this limit is sufficient to replicate the
use of a turbine. It also allows a feedback force of up to 3.3N. Force
feedback was provided by a PHANToM Omni (SensAble Technolo-
gies) that is considered an admittance-controlled device [18]. The
collision between the tooth’s mesh and the virtual drill was de-
tected using a simple raycast technique (ray-triangular mesh inter-
section): the virtual drill emits a ray from its tip (raycast); once
the ray intersects a triangle of the tooth mesh, and if the distance
between the drill and the mesh is below a small threshold, then
the mesh is instructed to deform at the point of intersection and
the turbine’s sound changes to represent the drilling of dental tis-
sue. In order to try to make the simulation more immersive and
closer to reality, the removable part of the pen was replaced by a
3D printed replica of a dental turbine (Fig. 2).

2.4. Auditory component

The audio added to the simulator was obtained from real
sounds arising from the use of the dental turbine (high rotation
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Dentify - Virtual Reality Haptic Dental Drilling Simulator

émulation \

Object Collision Simulation
VR Controller Detection Configuration

Drilling Statistics

User
~
Feedback
Virtual

Environment

Rendering el
Interface

Fig. 1. System architecture.

Fig. 2. Haptic pen handle. a) Haptic pen handle in the initial position. b) Haptic pen handle in adapted position. ¢) Haptic pen handle in unnatural position. d) Holding the
haptic pen with arm support.
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Fig. 3. 3D dental Scanner. a) 3M True Definition Dental Scanner. b) A 3D model of the healthy tooth. c) Tooth with a cavity on one dental surface. d) Tooth with a cavity on

two dental surfaces.

instrument). A low-pass filter was applied to the sound of the tur-
bine, both without contact and with contact whenever the defor-
mation occurs in order to achieve a different sound that’s closer to
the real one during the drilling phase.

2.5. 3D Image data

A healthy molar tooth (freely donated to the Human Tooth Bank
at Egas Moniz Dental Clinic) was scanned using an intra-oral scan-
ner (3M True Definition, 3M Oral Care) (Fig. 3). The final virtual
molar served as the basis for all exercises in the simulator. The
same tooth was then prepared using a dental turbine and a spher-
ical burr, obtaining a tooth with a cavity on the occlusal surface
(Class I cavity). Then, the cavity was further drilled into an in-
terproximal tooth surface (Class II cavity). Each of these cavity
preparations was scanned. The scans generated STL files, which
were then manipulated using a 3D modelling open source soft-
ware (Blender, Amsterdam, Blender Foundation). The models had a
very good level of detail and virtually no flaws in the virtual den-
tal crown. The scans resulted in models with approximately 30,000
vertices. We relied on conventional surface rendering (Blinn-Phong
shading of mesh triangles). No volume rendering was considered
for rendering purposes.

Three anatomical structures were modeled this way: healthy
tooth; tooth with a cavity on 1 tooth surface; and tooth with a
cavity on 2 dental surfaces. To obtain the limits of both cavities,
classes I and II, the model with the cavities was overlapped with
the model of the tooth without deformations. After the limits of
the respective cavities were properly extracted, it became possible
to associate the class one or class two cavity limits to the original
tooth..

2.6. Simulation environment

The simulation takes place in a virtual environment and is com-
plemented with the haptic device, the virtual reality headsets, the
corresponding controllers, and a laptop. It is possible to configure
the simulation environment, ie, to choose the number of teeth in
the simulation (1 or 2 teeth because the models created either
only have the tooth to be deformed or have a tooth adjacent to

the tooth to be deformed), and to select the type of cavity to pre-
pare; namely, a class I (affecting 1 dental face) or class II cavity (in-
volving 2 dental surfaces). The user can also indicate which hand is
dominant. In this study, the user was able to choose only the dom-
inant hand, since all other options were previously selected by the
instructor.

In the task execution stage, a panel is displayed in the virtual
environment containing the exercise description, where the aural
interface will read the exercise description, which varies according
to the cavity being prepared. Execution begins when the user clicks
the OK button. A timer is displayed and, once it starts, the user
will immediately see part of the turbine, the tooth to be deformed
and a replica of the tooth to be deformed. To interact with the
panel, the user can use the non-dominant hand to manipulate the
controller (Fig. 4).

It is possible to return the tooth to its predefined position after
starting the exercise. The user can choose between two types of
drills with different diameters. Both drill models were created on
the Blender software.

The next step of the simulation will be to prepare a cavity
based on the description presented by the simulator. To perform
the deformation, the user only needs to manipulate the haptic pen
as if they were manipulating a dental turbine and bring the tip of
the virtual drill close to the tooth surface to perform the drilling.

Once the user exercise is finished, the user should click Termi-
nate and the haptic pen is deactivated (Figs. 5 and 6).

2.7. Participants

For this study, 13 unpaid participants were selected, of which
6 were female and 7 were male, with ages ranging from 24 to 38
(Median = 25, SD = 4,77) (Fig. 7). All participants were dentists.
Their average experience, in years, is of approximately three and a
half years. The minimum reported time working as a dentist was
one month and the maximum was 14 years (Fig. 8). None of the
participants reported having ever used a haptic pen.

2.8. Tasks and procedure

The study describes the simulator’s evaluation. Each testing ses-
sion involved the following steps: (I) completion of informed con-
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Setup Haptic VR Dental Simulation

Number Of Teeths

Hand Dexterity

Aural Interface Enabled

Type of Cavity

Show Auxilary Translucid Model

Cavity Class 1 Preparation

The following exercise will consist of preparing a class 1 cavity.

The cavity must be prepared base
health professional

All and only the dental tissue that is within

When you
the 'terminate’ button at the wall

d on the limits previously established in the model by a

the identified limits should be removed

think the you finished the exercise, you should stop the exercise by clicking on

Fig. 4. Panels presented in the virtual environment for configuration and exercise description.

Fig. 5. Cavity Preparation. a) Initial Situation. b) Evolution of the Cavity Preparation. c) Occlusal view. d) Final Aspect of the cavity - cavity limits in brown. e) Occlusal view

of Class I cavity preparation without the predefined cavity limits.

sent, (II) completion of demographic questionnaire, (III) introduc-
tion to the prototype, (IV) free experimentation, (V) execution of
the tasks, (VI) completion of questionnaires associated with the ex-
periment, and (VII) guided interview (Fig. 9).

The experiment-related questionnaires were: 1) Cyber Sickness
Questionnaire (17); 2) SUS (System Usability Scale) Questionnaire
and 3) NASA-TLX (NASA Task Load Index).

The NASA-TLX questionnaire aims to evaluate the workload felt
by each participant during the drilling task. It includes six ques-
tions focused on the following: mental effort, physical effort, time
effort, performance and frustration levels. It ultimately aims to as-
sert user perception during the task completion experience. The
SUS questionnaire measures the perceived usability of an inter-
active system; in our case, a dental simulator to perform virtual
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Fig. 6. Different status of the floating panels. a) Task timer on the floating panel. b) Full floating panel: center: timer; left: virtual tissues being prepared; right: prolonged
contact warning.
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Fig. 10. Participants during an assessment evaluation session.

drilling tasks. Participant feedback was obtained through struc-
tured questionnaire or post-experiment interview-debriefing, re-
garding the limitations and benefits of the proposed interaction
techniques.

The drilling task consisted of preparing a class 1 or class 2 cav-
ity. Each user took an average of 1 h and the simulator assess-
ment exercise took an average of 10-15 minutes. All the test ses-
sions took place in a clinical environment at Egas Moniz Dental
Clinic, namely under the supervision of C.i.i.E.M. (Centro de Inves-
tigacdo Interdisciplinar Egas Moniz, Monte da Caparica, Portugal)
members.

2.9. Statistical analysis

The SUS scale score ranges from 1 to 100 and 68 points is con-
sidered the average score, according to a wide evaluation on sev-
eral systems. The scores of the 10 items were transformed into
a summary score ranging from O to 100, wherein the higher the
value, the more user-friendly is proved to be. The scores are not
percentages and should be considered only in terms of their per-
centile ranking.

Regarding NASA-TLX results, we considered the raw scores.

As for the cybersickness questionnaire results, they were ob-
tained by calculating median and interquartile ranges responses.
The gathered data were analysed using Microsoft Excel® statistical
tools.

2.10. Hygiene and safety

To use the DENTIFY device, the user needs to make several
physical contacts with the simulator, namely 3 points of contact.
Additionally, the assessment tests needed to be performed during
a pandemic, namely the COVID-19 pandemic, thus making it nec-
essary to ensure all hygiene and biosafety conditions for the tests.

All testing sessions took place in a clinical environment at Egas
Moniz Dental Clinic. Therefore, all participants were equipped with
P.PE. (Personal Protective Equipment), a KN-95 mask covered with
a surgical mask, latex or nitrile gloves and a disposable or auto-
clavable cap (Fig. 10).

3. Results and discussion
3.1. Cybersickness

Regarding the Cybersickness questionnaire, participants re-
ported only mild effects. The most frequently reported results

were: slight headache in 7.69% (1 user), visual fatigue in 23.08% (3
users), difficulty maintaining focus in 15.38% (2 users) and blurred

vision in 2 cases (15.38% of cases). These were attributed to fog-
ging of the glasses due to air leakage in the nasal adaptation of
the mask.

3.2. System usability scale

The highest reported score was 90 points and the lowest
62.50 points. Based on the responses, the system’s average us-
ability score was 77.50 points, with a standard deviation of 8.43
points (Table 1). The results are, therefore, 9.5 points above the av-
erage score of 68 defined by the scale.

3.3. NASA-TLX

The standard deviation was 14.7%, which suggests that there
is some disagreement in the results, however not at an extreme
level. From the graph, one can see that one participant had a rather
high perception of workload, 77% of 100%. Compared to the mini-
mum value of 20%, there is a considerable discrepancy between the
lowest and the maximum reported values. There were, however,
participants who were able to better adapt to the simulator and
its limitations, displaying higher tolerance for experimental proto-
types.

The time factor generated the highest discrepancy, with less ex-
perienced participants generally indicating that the exercise time
corresponded to the time of a similar preparation on a real
tooth, while more experienced participants indicated the oppo-
site (Fig. 11). The physical fatigue presented was correlated with
the absence of a resting point for one finger of the dominant hand,
even though there was a support for the arm. However, all par-
ticipants were able to prepare the proposed cavities. On average,
users feel that it takes some effort to memorize control function-
alities and ascertain the best position to perform the deformation,
which can be correlated with non-existing previous experiences
using haptic devices.

3.4. User experience

According to the feedback received, all participants indicated
that they had a positive experience with the simulator. A slight
learning curve was noted to be necessary since most participants
reported an increasing ease of handling the simulator components
as they approached the end of the task, suggesting a relatively
short learning curve.

We considered the presented load index results to be relatively
high because this study consisted mostly of experts who only used
the system once and with no previous experiences using haptic de-
vices. Also, we expect that the workload levels tend to decrease by
increasing repetition.
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Descriptive statistics of SUS items: median, minimum value - Min, largest value - Max, interquartile range - IQR.

SUS item Median  Min Max IQR
I think that I would like to use this system. 4.00 3.00 5.00 0.00
I found the system unnecessarily complex. 1.00 1.00 3.00 1.00
I thought the system was easy to use. 4.00 2.00 5.00 1.00
I think that [ would need the support of a technical person to be able to use this system.  3.00 1.00 5.00 3.00
I found the various functions in the system were well integrated. 4.00 4.00 5.00 1.00
I thought there was too much inconsistency in this system. 1.00 1.00 4,00 2.00
I would imagine that most users would learn to use this system very quickly. 4.00 3.00 5.00 1.00
I found the system very cumbersome to use. 2.00 1.00 4.00 1.00
I felt very confident using the system. 4.00 3.00 5.00 0.00
I needed to learn a lot of things before I could get going with this system. 1.00 1.00 4.00 1.00
Total SUS score 77.50 62.50 90.00 15.00
100
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€ 60
w
o
o
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Fig. 11. NASA-TLX workload analysis results.

Table 2
Descriptive NASA-TLX workload dimensions: median, minimum
value - Min, largest value - Max, interquartile range - IQR.

Workload dimension = Median  Min Max IQR

Mental 30.00 10.00 75.00 35.00
Physical 25.00 5.00 75.00  30.00
Temporal 40.00 5.00 80.00 37.50
Performance 40.00 20.00 65.00 37.50
Effort 45.00 10.00 70.00 35.00
Frustration 30.00 5.00 90.00 22.50

Although tactile sensitivity is subjective, all participants noted
that they were able to feel the different resistance offered by the
haptic pen on different virtual mineralised dental tissues and men-
tioned detecting differences between the progression resistance of-
fered by the pen on virtual enamel and dentin. Overall, they re-
ported that the drill's progression resistance in virtual enamel is
approximate to that in real enamel, but considered the resistance
offered to the virtual burr’s progression in virtual dentin to be
slightly excessive.

Users reported that there is still a noticeable learning curve
when introducing students to the university clinic environment,
and are of the opinion that familiarisation with a virtual clinical
procedure scenario may help to mitigate difficulties inherent to
this transition.

Participants mentioned that this exercise format is ideal for
an initial phase of cavity preparation training, and that, at a later
stage, the simulator should present an arch as opposed to only one
or two teeth together, as well as include the presence of tongue,
indirect vision and finger rest support. The initial phase of cavity
preparation training for undergraduate teaching refers to the first
learning stages that a preclinical dental student must undergo
in operative dentistry, more specifically drilling using a dental
turbine with an attached burr for cavity removal. In this context,
traditional learning methods for preclinical dental students involve
drilling on plastic teeth on phantom heads with theoretically
described cavities. In our study, participants considered that the
simulator adequately replicates the educational and pedagogical
requisites for competence acquisition in this early phase of op-
erative dentistry training. This first version of DENTIFY already
incorporates metrics for automatic feedback on the trainee’s per-
formance which, undoubtedly, are powerful assessment tools on
the students’ performance (both self and tutor assessments). Such
metrics include, for example, the total time spent performing the
task (simulation time), drill elapsed time, average contact with
simulated dental tissues in seconds, number of prolonged contacts,
amongst others. The simulator also allows for users to save their
data per user and per simulation, thus allowing to compile the
user’s graphical progressive evaluation. However, the present study
aimed to evaluate user acceptance amongst trained dentists in
a co-design phase, which allowed us to create a version 2.0 of
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DENTIFY. We intend to test this newer version with dental under-
graduate students and apply those metrics to evaluate personal
performance and, consequently, further pedagogical value of the
simulator.

All experts adhered well to the experiment, even mentioning
that the use of virtual reality can help increase students’ curiosity
and interest, as well as serve as a pedagogical tool for exploration
and acquisition of new skills. That said, the participants considered
adopting and generalising the use of this type of technology as a
complement to traditional training techniques.

3.5. Future work

This study’s purpose was to introduce DENTIFY version 1.0 to
experienced dental professionals to assess its pedagogical value
and to obtain information regarding alterations it must undergo to
better translate clinical day to day practice, thus reducing the dis-
tance between preclinical and clinical environments. In this con-
text, DENTIFY’s main limitations have been identified and further
work must consider, for instance: adding more clinical simulated
cases, bimanual manipulation including mirror and indirect vision,
adding a finger resting point (for the dominant haptic device con-
trolling hand), the creation of emergency scenarios and including
both full dental arches. Although these limitations have been iden-
tified and are, currently, being worked on DENTIFY 2.0, version 1.0
presents some differentiated features, as already mentioned.

Besides the previously mentioned immersive multimodal sim-
ulation and multiple teeth training scenarios, DENTIFY's training
mode and a simulation mode differ on the technical difficulty level
of the presented task and also on the different adjustable settings
between in each mode (which will be subject to future work). The
study presented on this paper used only the training mode. Also,
another main difference we can report is that the task exercises
used to test version 1.0 were obtained from real human models,
as described earlier in subsection 2.6. The authors believe that re-
ducing the gap between simulation and clinical reality will ease
the transition from preclinical undergraduate simulation into clin-
ical reality. The use of real models is of our utmost priority. This
way, we intend to collect real cases obtained at Egas Moniz Den-
tal Clinic and, anonymously, convert them into simulation mod-
els so that undergraduate preclinical students can be exposed to a
wide range database of real simulated clinical situations that den-
tists deal with on a daily basis. This will approach the pre-clinical
student to clinical reality and, expectedly, increase treatment pre-
dictability and decrease human errors.

It is our objective to test DENTIFY V2.0 with undergraduate
students and, hopefully, to incorporate these type of simulators
in dental teaching, not only in Operative Dentistry but also in
other areas of Dental Medicine. The authors consider that one of
the main challenges for the developing dental simulators concerns
their ability to translate real clinical scenarios into simulated ones.
In other words, the realism of the simulation is a consequence of
the realistic data added to the simulator. In this way, focus must
be put on both visualization and touch feedback in order to im-
prove realistic the inclusion of clinical cases to the training tasks
and challenges of dental simulators.

One of the main limitations presented regarding the use of VR
and, mostly, haptic technology is hardware and software costs. This
must be considered when projecting the use of these technolo-
gies in dental schools, mainly in developing countries and schools
with numerous students, for example. Further work must be put
on simulators to prove their unequivocal benefit in terms of ped-
agogical advantage and, also, to make them more affordable since
this can place some financial stress on dental schools. However,
one must also consider the cost of creating rooms with numerous
individual work posts equipped with compressed air, the hardware
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and logistics necessary to make these rooms a reality and, ulti-
mately, the costs of the plastic models needed to perform classical
dentistry teaching.

In this study, participants presented physical health and had no
relevant issues that could affect the use of VR headsets. We agree
that the presence of physical impairments could compromise their
performance and, also, the results. This must be taken into con-
sideration when the intention is to make these technologies gen-
erally accessible in dental schools. We emphasize that visual im-
pairments are normally corrected by spectacles or contact lenses
(it may be interesting to explore whether these corrective mea-
sures impact performance) and the probability of undiagnosed vi-
sual diseases is seldom. As such, we will consider this possible
confounding variables in future tests.

4. Conclusion

The introduction of haptic technology and Virtual Reality (VR)
have added new dimensions to education and the approach to
daily professional challenges. Simulation in healthcare has been
focused on both clinical and educational aspects. The fast grow-
ing pace of these technologies must be accompanied with clarity
and objectiveness. Further debate is necessary to adress and clarify
such studies, such as the guidelines proposed by Cheng et al. [8].

In Health education, the approach paradigm to both patient and
disease has changed. It is unequivocally intended that a training
process that is closer to reality will allow for fewer complications
arising from the medical act, greater predictability and lower mor-
bidity.

Pre and postgraduate education in Dentistry require an evolu-
tionary break; a qualitative leap, in line with the real technologi-
cal potential that we currently have. More predictable results are
sought, exhibited by students with more training hours, and with
the constancy of competence that comes from repetition. This is a
real need and opportunity for Education, particularly applicable in
the context of distance learning motivated by the pandemic. How-
ever, solutions closer to reality should be sought, based on feed-
back by professionals and teachers.

This study’s results allow to conclude that DENTIFY was well
accepted by this group of professional dentists who have also re-
ported it to have usability, user acceptance and educational usful-
ness. Further studies are required to assess DENTIFY properties in
Dental Education settings.
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