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Dental surgery ogies transformative impact and current applications. Research shows that AR improves surgi-

cal precision by offering real-time data overlays during procedures, leading to better outcomes
in operations like dental implant placements. On the other hand, VR has revolutionized
training environments by offering detailed, immersive simulations that significantly improve
the retention of surgical skills. This was demonstrated through VR applications in orthognathic
surgery in 2023. Despite their advantages, these technologies encounter adoption challenges,
such as high implementation costs and the complexity of integrating advanced simulations into
standard training curricula. The prospects for AR and VR in dental surgery are promising.
Ongoing developments aim to enhance realism through improved haptic feedback and inte-
grate artificial intelligence to tailor learning experiences. Continued innovation and research
are crucial to overcome current limitations, expand applications, and fully realize the poten-
tial of AR and VR in improving dental education and clinical practice.
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Introduction

The landscape of dental education and clinical practice is
undergoing a profound transformation with the integration
of augmented reality (AR) and virtual reality (VR). These
innovative technologies, heralding a new era in medical
training and patient care, are increasingly recognized for
their potential to enhance learning and clinical outcomes.

The primary focus of dental surgical education is clinical
training. Teaching methods include lectures and demon-
strations in the classroom and practical exercises using
manikins, physical models, and instruments in the labora-
tory. Additionally, computer-aided simulation is used for
practice. Assessment after the training includes multiple-
choice questionnaires (MCQs), simulated pre-clinical oper-
ation skill tests (PCOST), and the objective structured
clinical examination (OSCE)." The training and assessment
above may show that interactive simulation plays a signif-
icant role in dental surgical education. Augmented reality
(AR) and virtual reality (VR), which may enhance interac-
tive simulation, have transitioned from their origins in
gaming and entertainment to become pivotal technologies
in dental education and practice. These technologies
enhance traditional educational methods and revolutionize
how dentistry teaches and practices procedural skills.?
Beyond dental surgery, AR and VR are extensively used
for training in various dental procedures, including di-
agnostics,>* and restorative dentistry,® particularly in the
visualization and understanding of complex anatomical
structures.®"® In educational settings, AR and VR provide an
immersive platform where students can interact with
three-dimensional models of teeth and supporting struc-
tures,®” performing everything from routine cleanings to
more complex procedures such as root canal therapy and
crown preparation. This hands-on approach facilitates a
deeper understanding of dental anatomy and procedures,
enhancing students’ cognitive and psychomotor skKills.
These technologies offer simulations in dental surgery that
provide realistic, scalable, and controlled environments.’
This allows for detailed visualization of complex anatom-
ical structures and surgical procedures, facilitating a
deeper understanding and retention of surgical skills.'®

The adoption of AR and VR in dental surgery is not just a
technological upgrade but a necessary evolution to meet
the increasing demands for precision and safety in surgical
procedures. For instance, VR platforms like those used in
orthognathic surgery education have significantly improved
surgical planning and execution, enhancing procedural
outcomes and patient safety.”'’ Meanwhile, AR applica-
tions provide real-time overlay information during sur-
geries, improving the surgeon’s accuracy and reducing
intraoperative risks.'>'?

This narrative review aims to critically examine the
current applications of AR and VR in dental surgery edu-
cation and practice. It discusses the technological ad-
vancements, evaluates the benefits and challenges of these
tools, and explores their future potential. Special attention
is given to integrating these technologies in training set-
tings, their impact on patient outcomes, and the readiness
of the dental profession to embrace these changes.
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Furthermore, despite considerable advancements in
areas such as tooth restoration and preclinical training
using AR and VR, their application in more complex surgical
training still needs improvement. Integrating a compre-
hensive range of surgical instruments and techniques into
these virtual systems poses significant hurdles. However,
the ongoing development and refinement of these tech-
nologies promises to bridge these gaps, offering more so-
phisticated training tools that could revolutionize dental
surgical education.™

In summary, this review will delve into how AR and VR
shape the future of dental surgery education, focusing on
their current utilities, limitations, and the vistas they open
for future advancements.

Materials and methods
Data sources

For this narrative review, extensive literature searches
were conducted in three primary databases: PubMed, the
Cochrane Library, and Embase. These databases were
selected for their comprehensive medical and dental
research coverage, providing a rich source of scientific ar-
ticles and clinical studies.

Search strategy

The literature search was structured around predefined
keywords to ensure a focused retrieval of relevant studies.
The keywords used included “dental,” "virtual reality,”
"augmented reality,” “dental surgery,” “dental educa-
tion,” and “surgery practice.” These terms were combined
using Boolean operators to maximize the search scope,
targeting studies that discuss the intersection of these
technologies with dental surgery education.

Selection criteria

The search was limited to studies published from 2000 to
the present to focus on the most current technologies and
methodologies. The initial search yielded a total of 106
records: 51 from PubMed, 31 from Embase, and 24 from
Cochrane Library. After removing 35 duplicate records, 71
studies were reviewed. Two authors (PY Lin and YH Tsai)
independently examined the titles and abstracts, resulting
in the exclusion of 41 studies that were not directly related
to the use of virtual or augmented reality technologies in
dental surgery education or practice. Subsequently, the
full texts of the remaining 30 articles were carefully
examined. An additional 23 studies were excluded as they
did not align with the objectives of this review. These
exclusions were based on the studies relevance to the
specific application of virtual or augmented reality in
dental surgery education and practice. Finally, 7 studies
were selected for inclusion in this review, as they met all
the inclusion criteria and provided relevant data for dis-
cussion (Fig. 1).
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Figure 1

Data extraction and organization

The data extraction focused on studies that specifically
addressed the use of AR and VR in dental surgery training.
Each study was assessed for its relevance, methodology,
outcomes, and the potential benefits it provided. This
process involved detailed note-taking and thematic orga-
nization to effectively synthesize the findings across
different studies (Table 1).

Results

Development of augmented reality and virtual
reality technologies

Historical development

The evolution of augmented reality (AR) and virtual reality
(VR) technologies has been transformative across various
sectors, with significant strides made in healthcare and
education. Initially conceptualized in the early 20th cen-
tury, the real breakthrough came with Ivan Sutherland’s
invention of the “Ultimate Display” in 1965,' laying the
groundwork for virtual reality. Over the decades, these
technologies have progressed from rudimentary forms to
sophisticated systems in complex fields such as aviation and
healthcare.

In the context of dental education, AR and VR began
gaining traction in the late 1990s as computing power
increased, allowing for more detailed and realistic simula-
tions. Early applications were focused on anatomical edu-
cation and basic procedural training, providing a foundation
that would lead to more advanced uses in surgical training
and practice. This historical progression has enhanced
educational methods and improved the precision and
effectiveness of dental treatments.

Technological advancements
The last two decades have witnessed vital technological
advancements that have profoundly impacted dental
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Flow chart of selection process.

surgery. Notably, integrating haptic feedback into VR sys-
tems has allowed dental students and professionals to
experience realistic tactile sensations during virtual
training sessions. This technology simulates the feel of
various dental procedures, such as drilling or applying
pressure, which is crucial for developing the hand-eye co-
ordination and fine-scale motor skills needed in dental
surgery.'®

Augmented reality has also made significant inroads in
dental practice through real-time data visualization. AR
systems can project digital images and information directly
onto the patient’s anatomical structures, providing dentists
with unparalleled accuracy during procedures.?’ For
instance, AR navigation systems enhance the placement of
dental implants by showing precise locations and angles
directly in the surgeon’s field of view, reducing the risk of
errors and improving patient outcomes.'?

An excellent example of these advancements can be
found in the work presented by Wan et al., ' which showed
how immersive VR environments can significantly improve
learning outcomes in orthognathic surgery education. This
is achieved by providing detailed, realistic simulations of
surgical procedures. Furthermore, the development of a
new cognitive simulator for orbital floor reconstruction, as
discussed by Khelemsky et al.,?" highlights the role of VR in
improving surgical planning and execution through complex
anatomical and procedural visualizations.

These advancements underscore a pivotal shift in dental
education and surgery, moving away from traditional
learning paradigms and towards an integrated, technology-
enhanced approach. As AR and VR technologies evolve;
they are set to redefine dental training and practice stan-
dards, making complex surgical procedures more accessible
and accurate.

Application in dental surgery education

Fig. 2 below illustrates the multifaceted benefits of AR and
VR in dental surgery education and practice, categorized
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Table 1

Comparative analysis of selected studies.

Authors (Publish Area Population Intervention QOutcome Results Potentials

year)

Casap et al.'” VR in dental Forty final-year Comparison of Accuracy of implant 1. Improved accuracy in The study suggests that
(2011) education undergraduate dentistry  traditional freehand placement and marking implant sites  while the navigation

Suebnukarn et al.’
(2012)

Pulijala et al.'®
(2018)

(implantation)

VR in
endodontic
microsurgery
training

VR in surgical
training
(orthognathic
surgery)

students without
previous experience in
dental implantation

surgery

Ten junior endodontic
postgraduate trainees
with limited surgical
experience

Novice surgical residents
from seven dental
schools

protocols with a virtual
reality navigation system
for training in dental
implantation.

1. Utilization of a VR
simulation integrated
with cone-beam
computed
tomography (CBCT)
data for pre-surgical
training in endodontic
microsurgery.

2. Participants practiced
surgical procedures
using a VR simulator
equipped with micro-
instruments and volu-
metric data from a
CBCT scan of a cadav-
eric porcine
mandible.

Use of immersive virtual

reality (iVR) via Oculus

Rift and Leap Motion

devices for surgical

training, compared to
traditional training
methods using

PowerPoint

presentations.

procedural efficiency

1. Assessment of sur-
gical competency
through an end-
odontic compe-
tency rating scale.

2. Comparison of
performance
scores between
surgeries per-
formed with and
without VR pre-
surgical practice.

Self-confidence levels
and cognitive skills of
the surgical residents.

with the navigation
system

2. Similar  performance
in basic drilling tasks
across both methods

3. Faster completion
times with traditional
methods

4. Mixed results in self-
assessment accuracy

1. Significant  improve-
ment in surgical
scores for procedures
practiced using VR
compared to those
without VR.

2. Median scores for
osteotomy on a molar
tooth were higher
with VR practice (me-
dian 4.5) compared to
without VR (median
3), showing statisti-
cally significant dif-
ferences (P = 0.042).

Participants in the iVR
group reported
significantly higher self-
confidence levels post-
intervention compared
to those in the control
group. This suggests that
iVR could be more
effective in enhancing

system improves

accuracy in specific

tasks, the overall added
value of training with

virtual reality navigation
is minimal. It points out

the necessity for a

balanced approach

combining traditional
and innovative methods
to maximize training
effectiveness and
efficiency.

1. The study underscores
the potential of inte-
grating VR and CBCT
for enhancing surgical
precision and training
efficiency in dental
education.

2. VR pre-surgical
practice could
become a standard
component of
training, potentially
increasing the safety
and efficacy of
endodontic surgeries.

The study underscores
the potential of VR
technologies in
improving surgical
training by providing a
realistic, immersive
environment that
enhances learning and
self-confidence,

"1e 32 urq r-D ‘udyd "D-"L ‘Ul "A-d
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Sytek et al."” VR in
(2021) orthodontics
and
orthognathic
surgery
Vincent et al.'® VR in dental
(2022) implantation
training

20 graduate-level
orthodontic residents.

88 first-year dental
students

Simulation methods:

1. 2D digital simulation:
Traditional digital
methods using cepha-
lometric tracings.

2. 3D digital simulation:
More advanced digital
methods allowing
manipulation of CBCT
segmented skeletal
structures.

3. Virtual reality (VR)
simulation: Immersive
simulation using a
head-mounted device
(Oculus Rift) to
manipulate a 3D
virtual patient model.

The study utilized the
Virteasy® haptic
simulator, which
includes a 3D screen,
plastic handpiece, and
force feedback arm to

The study assessed
residents’ ability to
diagnose, plan
treatment, and their
attitudes towards
each simulation
method. Specific
outcomes included
the number of
surgical movements
planned, the time
taken to complete
tasks, and the types
of questions asked
during training and
testing.

The study focused on
various parameters
including mesio-distal
and bucco-lingual
positioning,
angulation, drilling

self-confidence among
novice surgeons.

1. Increased complexity
with higher fidelity
tools: Residents pre-
scribed more surgical
movements using 3D
and VR tools
compared to 2D
methods.

2. Time and interaction:
VR took the most time
to complete tasks and
required more in-
teractions due to the
novelty and immersive
nature of the
technology.

3. Performance: There
were no significant
differences in overall
performance across
the methods, but 3D
and VR methods were
preferred for their
enhanced visualiza-
tion and manipulation
capabilities.

4. Attitudes: Qualitative
feedback indicated
positive attitudes to-
ward VR for its
immersive and inter-
active experience,
although there was a
learning curve.

1. Improvement with
virtual aids: The pres-
ence of virtual aids
significantly improved
the accuracy and
safety of the

potentially leading to
better preparedness for
actual surgical
procedures.

The study suggests that
VR and high-fidelity
simulation methods have
the potential to enhance
the education of
orthodontic residents by
providing more
comprehensive and
interactive tools for
treatment planning.
Despite the learning
curve, residents showed
readiness to adopt VR
tools, indicating a
potential shift towards
more immersive and
technologically
advanced methods in
dental education.

The study suggests that
integrating haptic
simulators with virtual
aids in dental education
could enhance the
acquisition of clinical
(continued on next page)
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Table 1 (continued)

Authors (Publish
year)

Area

Population

Intervention

Outcome

Results

Potentials

Wan et al.'® (2024)

VR in surgical
education
(orthognathic

surgery)

Fifth year medical
students

simulate tactile
sensations during dental
procedures. The
intervention involved
training students to
prepare an implant site
for a left first mandibular
molar using this
simulator.

Group 1 Received
training with
virtual assis-
tance (including
aids like posi-
tioning, angula-
tion, and depth
indicators) in all
their sessions.

Group 2 Received initial
training with
assistance, but
subsequent ses-
sions were con-
ducted without
virtual
assistance.

The intervention group

used an immersive

virtual reality (iVR)
surgical training system,
while the control group
used traditional learning
methods with technical
manuals and operation
videos.

depth, and the
occurrence of cortical
bone perforation. The
primary outcome was
to assess whether
virtual aids improved
the students’
performance in
implant site
preparation.

The effectiveness of
the iVR system was
measured by scores in
the assessment mode,
time to complete the
procedure, and
accuracy in surgical
tasks like instrument
selection and angular
adjustments.

3.

. Learning

. Higher

procedures, as evi-
denced by fewer
cortical bone perfora-
tions and better over-
all performance
metrics in Group 1
compared to Group 2.
curve:
Repeated practice,
especially with virtual
aids, helped students
in Group 1 to acquire
skills more effec-
tively, as seen in the
gradual improvement
in performance over
multiple sessions.
Time efficiency:
Despite better out-
comes with aids, the
exercises took longer
initially. However,
with repetition, stu-
dents were able to
perform procedures
more quickly.

assessment
scores and greater
accuracy in the VR
group.

. Faster completion of

procedures by VR-
trained students.

skills, making it possible
to train students more
effectively and safely
before they perform
procedures on real
patients. The findings
highlight the importance
of incorporating realistic
virtual aids in the design
of dental simulators.
Continuous
advancements in VR and
AR technology can
potentially lead to more
immersive and effective
training tools in dental
education and practice.

The study highlights the
potential of iVR as an
effective tool for
enhancing complex
surgical training,
suggesting its utility in
replacing or
supplementing
traditional methods.

"1e 32 urq r-D ‘udyd "D-"L ‘Ul "A-d
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1. Students using the AR  The study suggests AR

Proficiency in

Use of an augmented
reality book for local

anesthesia training
versus traditional

Fourth year dental

students

AR in dental
education
(local

Yari et al."® (2024)

book showed signifi- books can enhance the

administering local

learning experience by
increasing student
engagement and

cantly higher levels of
concentration and
practical skills.

2. Time

anesthesia, including

theoretical

anesthesia)

knowledge and
practical skills.

textbook methods.

improving practical

for

required

skills, making them a

administering anes-

valuable tool for dental

education.

thesia was less in the

AR group.
3. No significant differ-

ence in the success
rate of local anes-

thesia administration
between the two

groups.

Abbreviations: VR, virtual reality; AR, augmented reality.
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into collaborative learning, personalized learning, and pa-
tient education.

AR and VR are transforming dental education by
enhancing both personalized and collaborative learning
experiences. These technologies offer a risk-free training
environment, allowing students to practice complex pro-
cedures without the fear of harming patients. This
approach reduces costs by minimizing the need for physical
models and materials while supporting a dynamic learning
process through real-time feedback. The immediate
correction of mistakes and the refinement of techniques
significantly enhance learning outcomes, build psychologi-
cal preparedness, and boost student confidence by
exposing them to realistic clinical scenarios. These
immersive tools greatly improve information retention and
skill acquisition.

Furthermore, AR and VR technologies support collabo-
rative learning by fostering teamwork, knowledge sharing,
and decision-making among dental professionals. They also
enhance personalized learning by providing cost-effective
training environments that offer real-time feedback and
diverse scenarios, making these technologies highly acces-
sible and effective. This, in turn, supports the development
of federated learning models in dental practice.?? In the
domain of patient education, AR and VR offer visual ex-
planations that aid in patient understanding and partici-
pation in shared decision-making.?® Additionally, these
technologies enhance team resource management, improve
clinical outcomes, and increase safety in dental surgery,
ultimately contributing to resilience in healthcare.?*?

Preclinical training

AR and VR are increasingly recognized for their trans-
formative potential in preclinical dental education. These
technologies allow students to engage in highly realistic
simulations of dental procedures, thereby bridging the gap
between theoretical knowledge and clinical practice. For
instance, a scoping review by McAlpin et al."’ highlights
how VR has been utilized to simulate various dental pro-
cedures, providing students with a hands-on experience
that is otherwise hard to replicate in a traditional classroom
setting. Furthermore, recent studies,®?°*° have demon-
strated that virtual reality haptic simulators significantly
enhance the learning experience in pre-clinical restorative
dentistry. The study reveals that students appreciate the
hands-on practice these simulators provide. They feel that
such immersive tools considerably improve their manual
dexterity and procedural understanding. This feedback
underscores the value of VR technologies in bridging the
gap between theoretical knowledge and practical skills,
making them an indispensable part of modern dental
training curricula.

Skill acquisition and enhancement

Integrating AR and VR in dental education significantly en-
hances the acquisition and refinement of surgical skills.
According to Serrano et al.,*° VR and haptic technologies
have improved the psychomotor skills required for complex
dental surgeries. These technologies allow repeated prac-
tice in a controlled environment, reducing the learning
curve and preparing students for real-life surgical tasks.
Additionally, using AR to navigate complex dental



P.-Y. Lin, T.-C. Chen, C.-J. Lin et al.

Collaborative learning

e Teamwork

* Knowledge sharing

* Decision-making

Patient education

Visual
explanations

Figure 2

Personalized learning
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Enhanced experience
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The multifaceted benefits of augmented reality (AR) and virtual reality (VR) in dental surgery education and practice,

categorized into collaborative learning, personalized learning, and patient education.

procedures provides real-time feedback and guidance,
enhancing both the learning process and the procedures’
precision.

Interactive learning

The immersive nature of AR and VR creates an engaging and
interactive learning environment that significantly im-
proves student engagement and knowledge retention.
These technologies offer a risk-free platform for students
to practice complex procedures, allowing them to learn
from their mistakes without fearing harming actual pa-
tients. The real-time feedback provided by AR and VR fa-
cilitates immediate correction of errors and refinement of
techniques, which enhances learning outcomes and builds
psychological preparedness. By exposing students to real-
istic clinical scenarios, AR and VR reduce anxiety and foster
a deeper understanding of dental anatomy and procedures.
Additionally, they enhance collaborative learning by
enabling teamwork in virtual environments. Research, like
the study conducted by Boer et al.,?” indicates that dental
students who use VR simulations for training perform better
in practical tests and gain a deeper understanding of the
complexities of dental procedures. This method enhances
the effectiveness, enjoyment, and accessibility of learning,
better-preparing students for real-world clinical practice.

Application in clinical dental practice

Surgical planning and navigation

Integrating AR and VR into surgical planning and navigation
marks a significant advancement in dental clinical prac-
tices. These technologies enable dentists to perform com-
plex procedures with greater confidence and precision. For
example, VR’s role in preoperative planning allows for a
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comprehensive visualization of the surgical site, helping
clinicians meticulously plans each step before the actual
procedure, significantly mitigating risks associated with
invasive procedures.'’

Patient education

AR and VR technologies significantly enhance how dental
professionals communicate procedural information to pa-
tients, making complex dental surgeries understandable.
Through immersive visuals, patients can better understand
their anatomical issues and the surgical interventions
planned for them. This is crucial for informed consent and
for alleviating patient anxiety pre-surgery. Huang et al.
highlight how AR applications in patient consultations
improve the clarity of communication, leading to enhanced
patient satisfaction and preparedness for upcoming dental
procedures.>'

Enhancing precision in surgical procedures
In the realm of improving precision in surgical procedures,
AR has been particularly transformative. The study by
Mladenovic et al.?® demonstrates how AR can effectively
guide local anesthesia administration with greater preci-
sion. The technology allows clinicians to visualize the exact
location where the anesthesia should be administered,
enhancing the procedure’s efficacy and minimizing patient
discomfort. Additionally, real-time AR navigation systems
are used during dental implant surgeries to guide the exact
placement of implants, which requires high precision to
avoid critical anatomical structures and ensure optimal
outcomes. '?

These examples underscore the pivotal role of AR and VR
technologies in modernizing dental clinical practices. They
make complex procedures safer and more efficient and
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improve the educational and communicative aspects of
dental care. As these technologies evolve, their adoption in
dental practices is expected to increase, further revolu-
tionizing the field and setting new standards of excellence
in dental care.

Augmented reality vs. virtual reality in dental surgery
training
AR excels at enhancing precision during surgical procedures
through real-time overlays that guide surgical actions.’ This
technology enables surgeons to visualize critical structures
beneath the surface, aiding in precise incisions and implant
placements.'*'> Conversely, VR’s strength lies in its ability
to provide a fully immersive training environment where no
real patient is at risk, making it ideal for extensive practice
and mastery of complex surgical techniques.’~'"1%:16.21
While VR currently lacks tactile feedback for a complete
surgical feel, advances in haptic feedback enhance this
aspect, making VR a more effective tool for training in
delicate procedures,?:27:2%:30,32,33

Augmented reality/virtual reality vs. traditional methods
in dental surgery training

Both AR and VR represent significant improvements over
traditional dental surgical training methods, particularly
regarding patient safety. While invaluable for its real-life
experience, traditional training often exposes patients to
potential risks during novice training sessions. In contrast,
AR and VR eliminate these risks by allowing trainees to
practice and refine their skills in a safe, controlled envi-
ronment without compromising patient well-being.'%?"??

Furthermore, the repetitive practice possible with VR
simulations is crucial for skill acquisition and confidence
building, which are sometimes limited in traditional set-
tings due to the availability of suitable cases or ethical
concerns about repeated interventions on patients. By
integrating simulation technologies into the training cur-
riculum, dental education can significantly reduce the risk
to patients while enhancing the learning process for
students.” ' 1371

These technologies also address the logistical and
financial constraints of traditional methods. While con-
ventional training requires significant resources for setup
and maintenance, virtual simulations are more scalable and
can be updated easily to incorporate the latest surgical
techniques and medical knowledge.

In summary, while AR and VR technologies enhance
training efficiency and safety, they should complement
rather than replace traditional hands-on training. The ideal
educational approach in dental surgery would blend
advanced simulations with practical experiences, ensuring
that all training aspects—technical skills, clinical judg-
ment, and patient interaction—are thoroughly addressed.

Discussion

As technology continues to advance, augmented reality
(AR) and virtual reality (VR) are finding applications far
beyond gaming and entertainment, making significant in-
roads into fields like dental education and clinical practice.
This shift marks a transformative moment in dental
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education, signaling a new direction for training method-
ologies. Currently, dental simulators such as Simodont pri-
marily focus on basic procedures like tooth preparation and
restorative tasks.>* However, developing more compre-
hensive models that encompass a wider range of dental
surgical procedures would greatly enhance training out-
comes. Expanding these simulations to include more com-
plex surgeries, such as implant placements and periodontal
treatments, would offer dental students a more well-
rounded and practical learning experience.

While AR and VR provide highly realistic simulations that
enhance learning and surgical skill development, their
widespread adoption still faces several hurdles. Techno-
logical limitations impede the broader use of AR and VR in
dental surgery. For instance, VR devices must offer high-
resolution graphics and minimal latency to effectively
simulate surgical procedures. AR, on the other hand, must
seamlessly integrate digital information with the real-world
environment, ensuring precise alignment without causing
disorientation.®®> The high costs associated with imple-
menting these technologies also pose a significant barrier,
particularly for smaller dental practices.>® Adoption is also
hindered by educational challenges. Mastering AR and VR
requires a steep learning curve, and training dental pro-
fessionals to become proficient with these sophisticated
tools is time-intensive, requiring ongoing education.*’
Resistance from more traditional sectors within dentistry
can further slow the integration of AR and VR into both
educational programs and clinical practice.>® Moreover, the
adoption of these technologies raises ethical concerns.
Relying on AR and VR prompts questions about their reli-
ability and the potential for technical malfunctions, which
could lead to procedural errors. Data privacy and security
are also critical issues, especially given the sensitive nature
of patient information used in these systems.****° Impor-
tantly, there is a moral obligation to ensure that AR and VR
do not diminish the quality of patient care. While these
technologies can significantly enhance training and proce-
dural planning, hands-on experience remains essential for
dental professionals to hone their skills effectively.*’ In
addition, AR and VR technologies face limitations in repli-
cating the full scope of real patient interactions in clinical
settings. For example, they often cannot simulate patients’
emotional or physical responses, such as anxiety or fear,
which play a crucial role in shaping treatment approaches
and outcomes. >3

To fully leverage the potential of AR and VR, future
research must address these challenges and explore
broader clinical applications. Innovations like enhanced
sensory feedback and the integration of artificial intelli-
gence (Al) could further elevate AR and VR into powerful
tools for personalized education. Al could dynamically
adjust training scenarios and provide feedback tailored to
the learner’s pace and performance, thereby improving the
overall educational experience.** Al can also reduce the
workload for educators by automatically adjusting task
difficulty in real-time and offering instant feedback, mak-
ing training sessions more efficient.*

As these technologies continue to evolve, their appli-
cations in dental surgery could expand beyond education
and procedural planning. For instance, AR might provide
real-time diagnostic assistance during surgeries, overlaying
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critical information—such as blood vessel or nerve loca-
tions—directly onto the surgical field.*® VR could also play
a role in patient rehabilitation by helping patients visualize
their recovery progress, leading to improved engagement
and satisfaction.”” Al’s role in simulating patient responses
could offer dental professionals deeper insights into po-
tential treatment outcomes. Extensive research is needed
to fully unlock the potential of AR and VR in dental surgery.
This includes comparative studies on the long-term effec-
tiveness of these technologies compared to traditional
methods, as well as exploring how they can be seamlessly
integrated into everyday clinical practice. Collaboration
between technology developers, dental professionals, and
educational institutions will be vital to ensuring that these
technologies are both practical and advanced enough to
meet real-world needs.*® Additionally, ethical and privacy
concerns must be carefully addressed, and sound guidelines
and regulations need to be established for their use in
sensitive medical environments.*’

In conclusion, AR and VR are rapidly revolutionizing
dental surgery education and clinical practice. These
technologies are not only reshaping the way we train dental
students but are also enhancing the quality and efficiency
of clinical treatments. As they continue to develop and gain
broader acceptance, dental professionals will be better
prepared to face clinical challenges, ultimately leading to
improved patient care and professional expertise.
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