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Abstract 
In recent times, dentistry has seen significant 
technological advancements that have transformed 
various specialized areas within the field.  Developed into 
applications for mobile devices, augmented reality (AR) 
seamlessly merges digital components with the physical 
world, enhancing both realms while maintaining their 
individual separateness.  On the other hand, virtual reality 
(VR) relies on advanced, tailored software to visualize a 
digital 3D environment stimulating the operator’s senses 
through computer generated sensations and feedback.  
The current advances use the application of VR, haptic 
simulators, the use of an AI algorithm and many more that 
provides new opportunities for smart learning and 
enhance the teaching environment.  As this technology 
continues to evolve, it is poised to become even more 
remarkable, enabling specialists to potentially visualize 
both soft and hard tissues within the patient's body for 
effective treatment planning. This literature aims to 
present the newest advancements and ongoing 
development of AR and VR in dentistry and medicine. It 
highlights their diverse applications while identifying 
areas needing further research for effective integration 
into clinical practice. 
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Introduction 
In recent times, dentistry has seen significant 
technological advancements that have transformed 
various specialized areas within the field.  To enhance 
both dental education and clinical practices, new 
innovations such as virtual reality (VR) and Augmented 

reality (AR) have been explored extensively.  These 
technologies aim to elevate dentistry by creating 
simulated yet highly realistic representations of 
dentofacial structures using specialized software.  These 
simulations not only depict anatomical structures but also 
simulate their functionality, providing a comprehensive 
and sophisticated virtual experience in real time.1 

AR technology superimposes computer-generated virtual 
elements onto the real physical environment, generating 
an engaging and interactive sensory experience.  
Developed into applications for mobile devices, AR 
seamlessly merges digital components with the physical 
world, enhancing both realms while maintaining their 
individual separateness.2 Conversely, VR is a computer-
generated simulation that replicates real-life 
environments or scenarios, completely immersing users 
and giving them the sensation of being present within 
the simulated reality.  VR primarily stimulates vision and 
auditory senses in real time.  Its key aspects are 
immersion, indicating the feeling of being within the 
virtual environment, and interaction, referring to the 
user's ability to actively engage and modify elements 
within that environment.3 

AR, while also interactive, differs from virtual reality as it 
involves user interaction with a unified image of patient’s 
teeth and/or anatomical structures.  It operates within a 
3D environment registered through essential imaging 
methods, enabling users to interact and manipulate these 
elements.  Therefore, AR enhances physical elements by 
integrating them with virtual components.4 AR allows 
patients to visualize the potential outcome of their 
treatment, offering a preview of their appearance after 
undergoing dental procedures.  This preview minimizes 
the need for multiple visits, cutting cost and saving time 
for both the patient and the dentist.5 

On the other hand, VR relies on advanced, tailored 
software that visualizes a 3D environment, stimulating 
the operator's senses through computer-generated 
sensations and feedback.  This technology enables users 
to engage with virtual realities closely connected to the 
physical world, blurring the line between virtual and 
physical realities.  AR and VR exhibit distinct differences: 
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augmented reality empowers the users to manage their 
presence in the real world, whereas virtual reality 
operates by a system-controlled technology.  
Additionally, VR necessitates the use of a headset, while 
the AR can be operated using a smartphone device.  
Furthermore, virtual reality enhances fictional reality 
exclusively, while augmented reality has the capacity to 
enhance both real and virtual worlds.   

To date various fields of social life have been influenced 
by AR/VR technologies extending to entertainment, 
marketing and even the industrial processing fields.  
Jawaid et al.6 in their study concluded that AR is a useful 
tool to enhance user experience for learning as well as 
improves brand recall and can be used for marketing 
campaigns.  AR/VR has also been extended to the field of 
medicine particularly surgically focused disciplines 
involving the minimally invasive approaches such as the 
endoscopic and laparoscopic procedures.7 Nevertheless, 
the infiltration rate and standard adoption of augmented 
reality and virtual reality in dentistry still remains unclear.  
Dentistry requires a wide array of skills, including 
comprehensive knowledge of head and neck anatomy, 
technical expertise in various treatments (such as 
restorative, endodontic, periodontic, prosthodontic, and 
surgical procedures), refined clinical abilities involving 
communication and judgment, strong academic 
understanding, and leadership capabilities.  The extensive 
field of dentistry presents multiple opportunities to utilize 
VR/AR for improvement in dental procedures.  Hence, the 
aim of this literature is to present the latest 
advancements, document the continuous evolution of 
augmented and virtual reality in diverse areas of dentistry 
and medicine, and pinpoint areas requiring additional 
research to facilitate their practical implementation in 
clinical settings. 

Materials and Methods 
To conduct this review, an electronic search was carried 
out using databases such as PubMed, Scopus, Web of 
Science, and Google Scholar. The search terms utilized 
were "Augmented Reality," "Virtual Reality," "AR and VR," 
"AR and Dentistry," "VR and Dentistry," "Use of AR and VR 
in Dentistry," and "AR/VR and dental education" to gather 
published research articles from January 2011 to June 
2023. The data was collected from these articles from 15th 
July to 15th September 2023. 

This literature review included clinical trials, case-control 
studies, observational studies, and investigations 
specifically centred on the application of AR and VR within 
the field of dentistry. Additionally, only studies conducted 
and published in the English language were considered 

eligible for inclusion. On the other hand, exclusion criteria 
encompassed short communications, letters to Editors, 
and studies published in languages other than English. 

Application of augmented and virtual reality 
Education and training in dentistry 
Dentistry encompasses various levels of skills, which 
incorporates the learning of head and neck anatomy as 
well as physiology, with the accumulation of complex 
technical skills in the subjects of restorative/endodontics, 
periodontics, prosthodontics and surgical therapy. 

The virtual reality patient model (VRPM) designed by the 
University of Michigan is one of the examples of advances 
in dental education aiming to improve the diagnosis and 
treatment planning of orthognathic surgery cases.8 Sytek 
et al.9 reported increased readiness to accept VR 
simulations when they compared the effectiveness of this 
model to a 3D computer-assisted surgical simulation 
(CASS) planning method and the conventional 2D 
method.10 

Immersive VR has been reported to be as effectual as the 
traditional learning methods, that may benefit from VR 
enhancing the educational experience and knowledge 
retention of dental students by compounding head and 
neck anatomy, CBCT/OPG images and immersive VR 
technology in learning of the anatomy, 3D imaging and 
radiology concepts.11,12  A device that helps dental 
students become proficient with the use of indirect vision 
by carrying out mirror training exercises like the Mirrosistant 
is an example of one such application of VR.13   

AR on the other hand is a computer-generated artificial 
virtual scenario.  By overlaying digital information onto 
the real environment, it furnishes learners with a 
heightened level of interactivity and immersive 
experience.  AR based tooth carving practice tool (AR-
TCPT) is a mobile-friendly application that provides a 3D 
model of the maxillary canine and first premolar, 
mandibular first premolar and molar for practicing tooth 
carving.14 Advances in VR/AR will definitely evolve the 
way of education and learning in dental education as it 
provides many areas for the implementation of this 
technology.   

DentSim15 stands out as one of the pioneering virtual 
reality systems designed for teaching restorative 
dentistry. It offers students a platform to practice clinical 
procedures on a simulated patient, providing real-time 
visual tracking, feedback, and performance assessment. 
Widely adopted in dental schools across North America 
and Europe since the early 2000s, Studies16,17 have shown 
its effectiveness. Students can work independently, 
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critically evaluate their performance, and self-monitor 
without constant supervision from a teacher. 

The Virtual Reality Dental Training System (VRDTS), 
developed through collaboration between Novint 
Technologies and Harvard School of Dental Medicine, 
focuses on cavity preparation using virtual reality 
technology.16 This simulator's software replicates various 
dental instruments and materials required for the process, 
allowing for virtual tooth restoration. However, a 
drawback is its inability to enforce or assist with proper 
positioning or hand/finger rests since the student holds 
the interface in the air.18 Table I provides an overview of 
various systems employed in dentistry specifically for 
educational and training purposes. 

Restorative dentistry and endodontics 
Preclinical training in the areas of endodontics and 
operative/restorative dentistry has mainly focused on 
verbal and written instructions as well as practice on 
phantom heads and plastic models.  The current advances 
use the application of VR and haptic simulators to 
enhance the teaching environment.  Haptic technology 
provides immersive situations using its tactile and realistic 
force feedback for the user to experience the scenarios as 
though they were present in the actual environment.19   
VR incorporates physical interactivity through this haptic 
technology and tactile force feedback that provides the 
user with sensorimotor training. 

Dentify, a multimodal simulator combines an immersive 
head-mounted VR display with a haptic pen that 
simulates dental drilling and exposes the user to different 
clinical scenarios.20 Carpegna et al.19 reported the 
increased effectiveness of one such haptic-based VR 
simulation for the preclinical practice of endodontic 
microsurgery procedures.  Chen et al.21 validated an AR-
guided endodontic microsurgery (ARG) simulation with a 
customized 3D alveolar bone model and artificial 
periapical lesions (APLs) for facilitating inexperienced 
residents to perform precise osteotomy and root apex 
location in endodontic microsurgery.  Similarly, the 
integration of an AR head-mounted device into a 3-
dimensional dynamic navigation system (3D-DNS) for 

osteotomy and root-end 
resection (RER) is one of 
the many prospects 
provided by VR/AR.22   

Not limited to just 
preclinical training, AR 
also shows the potential 
for guiding endodontic 
procedures.  Farronato 
et al.23 evaluated the 

accuracy of an AR system for guiding an access cavity 
preparation in 3D-printed jaws.  They found the use of AR 
as a digital guide for endodontic access cavity 
preparation to be promising and with the potential for 
clinical use. 

Orthodontics 
The learning outcomes of orthodontics generally require 
varied psychomotor skills, such as wire bending, bracket 
positioning, and interproximal reduction (IPR), as well as 
competency in dealing with patients their guardians and 
the psychological concerns they face.  Sipiyaruk et al.24 in 
their systematic review listed various works being done in 
VR/AR for the field of orthodontics.  The use of an AI 
algorithm for the identification to analysis of points on 2D 
images introduced by Rao et al.25 provides new 
opportunities for smart learning. 

Studies have also compared the effectiveness of using 
virtual reality patient vs 2D prediction tracing methods for 
diagnosing and treatment planning on various cases.26 
They found improved understanding in students with 
both methods.  Similarly, with the development of AR-
guided bracket positioning, we can look forward to these 
technologies replacing conventional techniques in the 
clinics soon.27,28 Going on from the same concept of AR-
guided bracket positioning, using it for orthodontic mini-
implants, the navigation techniques based on augmented 
reality technology yielded more accurate results.29 

Prosthodontics 
Training in prosthodontics usually requires phantom 
heads, plastic teeth or in some cases extracted natural 
teeth for preclinical practice.  Anda et al.30 introduced 
patient-specific virtual simulation using an intraoral 
scanner and Simodont Dental Trainer for training before 
teeth preparation in clinics. 

VR has been applied to different fields of medicine and 
dentistry.  One such virtual reality software, FitJaw mobile, 
is being used for physiotherapy in patients with 
temporomandibular disorders.31 Its goal was so that the 
exercises were done in a more agile and favourable way 
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Table-1: Various systems employed in dentistry for educational and training purposes. 
 
System                                                                                                                                   Field                                                                         Uses  
 
Moog Simodont dental trainer                                                                            Operative Dentistry                                               Cavity preparations 
Virteasy dental trainer                                                                                            Operative Dentistry                                           Caries removal practice 
SensAble OMNI and SensAble PHANToM OMNI haptic device                   Operative Dentistry                                              Caries identification 
The Geneva System                                                                                                   General Dentistry                                        Teaching of dental anatomy 
PerioSim                                                                                                                             Periodontics                                       Training in periodontal procedures 
The Forsslund System                                                                                            Maxillofacial surgery                                Training in third molar extraction



by participating in a VR-aided videogame. 

Oral and Maxillofacial surgery 
Pulijala et al.32 presented a collaboration of Leap Motion 
devices and Oculus Rift headset in a virtual reality surgical 
simulator that grants an immersing multiple sensory and 
comprehensive surgical training experience for the 
operator.  Interactive close-up stereoscopic 3d videos 
enable the learners to engage with the various 
components of the maxillofacial anatomy and practice on 
multiple surgical instruments. 

CAD/CAM guides may be superior to AR-aided surgical 
guides for bone cutting in maxillofacial osteotomies but 
with more precision and accuracy they may come on 
equal standings with the current gold standard.33  An 
example of this is the MentorEye system that incorporates 
a virtual surgical plan (VSP) software using CAD/CAM 
support.34,35 A head-mounted wearable system 
facilitating augmented surgery developed by Badiali et 
al.35 as a standalone, video-based device which facilitates 
maxillofacial bone surgery yielded great results for wafer 
less maxillary repositioning.   

Although AR technology still requires some 
improvements, with new advances it can already be 
predicted that the use of AR/VR for in vivo testing to 
assess surgical accuracy under real clinical conditions will 
be initiated soon. 

Paediatric dentistry 
A major concern when treating any dental patient is to 
tackle the issue of fear and anxiety which has an inversely 
proportional relation to the quality of dental treatment 
being provided.  Paediatric dentistry in this regard 
demands expertise beyond conventional dental 
knowledge and skills to provide high quality dental care 
effectively.  The application of VR as a non-invasive 
technique to reduce anxiety in dental patients has many 
potentials.   

The comparison of virtual reality distraction (VRD) to 
conventional methods in paediatric patients was 
appraised by Bagher et al.36 Both methods scored equally 
on the Venham Anxiety and Behavioural Rating Scale 
(VABRS) making VRD an acceptable tool to use clinically.  
VRD has also been successful in reducing anxiety in 
children during primary teeth extraction.37-39 More has to 
come from virtual and augmented reality for paediatric 
dentistry, especially with its potential use in autistic and 
other neurotypical patients.  

Dental implantology 
The ways of diagnostics, treatment planning and clinical 
workflow in dentistry has been drastically advanced by 

the intra-oral scanners (IOS), cone beam computed 
tomography (CBCT) and CAD? CAM. Traditional implant 
surgery usually uses a static surgical guide.  Mangano et 
al.40 used AI algorithms in a segmented 3D data set 
acquired from CBCT and IOS and performed AR-guided 
implant surgeries using the HoloLens 2® headset. 

Kivovics et al.41 compared the efficiency of Magic Leap 
One, an AR‐based navigation system with a 
head‐mounted virtual retinal display, to computer-aided 
implant surgery (coDiagnostiX software) and a free hand 
method.  They found the accuracy of AR‐based navigation 
systems and computer-aided implant surgery to be 
comparable, and both were found to be superior to the 
free-hand method.  Current AR that’s constructed on the 
dental implant surgery navigation system performs 
complete image guidance using markers.42 Dong et al.43 
have further progressed this technology by putting forth 
an effective marker‐less image guidance method.  With 
the application of artificial intelligence and AR/VR for 3D 
planning of implant surgery these future machineries may 
soon replace the conventional methods. 

Limitations 
AR and VR offer promising avenues in dentistry, yet they 
face several constraints. These include the substantial 
initial investment for technology setup, technical 
complexities leading to potential user experience issues, 
and the challenge of limited content and customization. 
Users may also encounter a learning curve, and ethical 
considerations arise regarding patient acceptance and 
privacy. Furthermore, the scarcity of comprehensive 
evidence-based data supporting their long-term clinical 
effectiveness, integration into current practices, and 
accessibility in all regions are additional hurdles. 
Overcoming these limitations through technological 
advancements, cost-effective solutions, robust research 
validation, and improved user experiences will be pivotal 
in fully leveraging the potential benefits of AR and VR 
within the dental field. 

Future recommendations 
VR/AR presents dental surgeons and students with a 
valuable learning platform to practice dentistry safely and 
effectively, providing consistent feedback.  The criticality 
of infection control in healthcare settings has been 
severely underscored with the enduring pandemic, 
amplifying the relevance of augmented and virtual reality 
in the field of dentistry. Post-pandemic, these 
technologies may hold even greater significance.  It's 
crucial for educationalists and clinicians to carefully weigh 
the advantages and disadvantages of these necessary 
AR/VR tools before staking on it.  Future research should 
focus on collaboration between experts in Medical and 
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Public Health Informatics, and clinicians to integrate 
procedures and treatment planning based on the up-and-
coming AR/VR technologies in routine clinical settings.  
Additionally, in order to enable the dental practitioners to 
exclusively perform diverse treatments, the effectiveness 
of AR/VR in dental education needs to be investigated 
further. 

Conclusion 
A cutting-edge advancement in dentistry, encompassing 
VR, AR, and MR, presents a sophisticated and intricate 
device equipped with powerful visualisation capabilities.  
This marks a significant leap forward in dental education, 
offering a new paradigm for learning and comprehending 
concepts.  This evolving technology is set to become even 
more remarkable, enabling specialists to potentially 
visualize both soft and hard tissues within the patient's 
body for effective treatment planning.  Despite being 
well-explored in the field of AR and showing a positive 
trajectory in its application, its integration into dentistry 
remains at an early stage, with limited adoption in clinical 
practice.  Future research endeavours ought to prioritize 
the establishment of robust technological standards that 
ensure the use of high-quality data. Additionally, there is 
a need to create scientifically validated AR/VR devices 
tailored specifically for dental practice. 
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