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Dental implants have a high success rate but face challenges such as improper
positioning, implant fracture, and tissue damage, often due to the lack of surgical
proficiency. Virtual reality (VR) technology has emerged as a transformative
solution in implant dentistry, offering a three-dimensional (3D), immersive
environment for both educational and clinical applications. Initially used as a
teaching aid, VR now facilitates comprehensive preoperative planning and
precise implant placement, minimizing procedural errors. VR systems enhance
student and novice surgeon training by providing a risk-free platform for skill
development. Clinically, VR aids in accurate implant positioning through
computer-guided surgical stents and simulation of surgical fields, improving
patient outcomes by reducing complications. Furthermore, VR enhances
patient education and communication, offering visual representations of
treatment plans, thereby increasing patient satisfaction and understanding.
Despite its benefits, VR integration faces challenges, including high costs,
steep learning curves for experienced surgeons, and potential disruption of
patient-clinician interactions. Developing affordable, compact VR systems and
integrating VR early in dental curricula will facilitate widespread adoption and
revolutionize implant dentistry by improving both surgical training and patient
care. The review covers the historical development and current progress of VR
with an overview of applications of VR in implant dentistry, its benefits in
implant dentistry, challenges, and future perspectives.

KEYWORDS
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Introduction

A dental implant is an artificial structure inserted into oral tissues, subjacent to the
mucosa and periosteum, and within or traversing the underlying bone to replace
missing teeth. It supports retention for prosthetic restorations (1). Implant dentistry has
become a cornerstone of modern dentistry offering numerous advantages over
traditional treatments. Dental implants have shown a high success rate (2), effectively
restoring both function and aesthetics. They also help reduce the risk of endodontic
complications in the surrounding dentition, improve the osseous integrity of the dental
arch, and improve overall health.

However, conventional techniques of implantation encounter various challenges.
Incorrect or inaccurate positioning of the dental implant can lead to procedure failures
and complications such as implant fracture, instability, inflammatory response, osseous
and soft-tissue problems, and adjacent tissue damage (3, 4). During implantation,
patients are at risk of inferior alveolar nerve injury caused by close proximity of
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implant drills to the nerve or inappropriate placement of the
implants near the canal (5). These injuries result in soft and hard
tissue damage, resulting in trauma and inflammation (6).
Osseous defects encountered during implantation, such as
dehiscence, fenestration, horizontal ridge deficiency, and vertical
ridge resorption, present significant challenges. Additionally, soft
tissue deficiencies, characterized by reduced tissue volume and
compromised quality,

further complicate the implantation

process (7). Implant body fractures often result in excessive
occlusal forces or uneven prosthesis loading, transferring stress
from the implant’s core to its periphery (8-10). These issues
usually arise due to surgeon skill variability. Consequently, dental
implantation is a complex interdisciplinary technique requiring
both implants’ prosthetic understanding and clinical expertise for
optimal results (11). To address these challenges for surgeons,
integrating virtual reality offers a novel approach to enhance
implant placement accuracy and overall treatment efficiency.

VR (virtual reality) is a computationally generated system that
provides a 3D and immersive environment (12). It is a unique
technology that offers an accessible and highly interactive
platform with a near-real experience of the simulation. The
equipment has sensors and programs that enable the interactor
to feel exactly like it would in the real world (13). It typically
employs a head-mounted display to create the virtual reality
environment, immersing the surgeon in the simulation. VR
technologies were introduced in the mid-19th century. In the
1970s, VR was frequently employed for military operations.
The transition of VR into medicine occurred in 1965 with the
introduction of a training environment for orthopedic novice
surgeons (14). The Royal College of Surgeons has recently
introduced a VR simulator designed to enhance the training of
medical students in emergency room management.

The initial use of VR in implantology was as a teaching aid for
students. The integration of virtual reality systems into dental
education has garnered global acceptance (15). VR simulation
empowers students to gain proficiency through virtual practice
without patient involvement. These simulations provide vivid
fields.
Moreover, VR systems offer objective evaluation for skill

sensory experiences resembling real-world surgical
refinement. In clinical practice, surgeons employ VR for various
stages of implantation including procedural planning and
accurate positioning of the implants (16).

The integration of virtual treatment protocols with clinical
practice has enabled a paradigm shift towards precise and
predictable implant placement. Computer-guided surgical stents
facilitate highly accurate implant positioning, underscoring the
role of preoperative planning in reducing the chances of implant
Additionally,

protocols offer a standardized method for translating digital

malposition. template-guided  implantation
treatment plans into surgical outcomes (17). Consequently,
various innovative solutions have been developed using VR in
the field of implant dentistry.

The use of VR extends beyond dental professionals, with a role
in mitigating patient anxiety and enhancing the overall patient
experience during implantation. Preoperatively, VR environments
can induce relaxation and alleviate preoperative apprehension
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(18). Virtual reality (VR) has been shown to mitigate pain and
discomfort during local procedures, with particular benefits for
pediatric patients. Evidence from studies indicates that VR
effectively reduces anxiety during anesthesia administration and
tooth extraction (19, 20). These findings underscore VR’s
potential to transform patient care by integrating patient-
centered, anxiety-reducing technologies.

The narrative review aims to identify the areas in implant
dentistry positively impacted by VR technologies. It covers the
historical development and current progress of VR. Furthermore,
the study critically identifies existing challenges and limitations
and proposes future prospects for consideration.

Biological and prosthesis-associated risks in
conventional implantation techniques

The conventional techniques of implantation pose various

biological and prosthesis-related complications. Biological
challenges include increased risk of inferior alveolar nerve injury
caused by close proximity of implant drills to the nerve or
inappropriate placement of the implants near the canal (5).
These injuries cause soft and hard tissue damage, resulting in
defects

dehiscence, fenestration, horizontal ridge deficiency, and vertical

trauma and inflammation (6). Osseous such as

ridge resorption pose considerable challenges  during
implantation. Furthermore, soft tissue deficiencies, marked by
reduced volume and compromised quality, add an extra layer of
complexity to the procedure. Additionally, soft tissue deficiencies,
characterized by reduced tissue volume and compromised
quality, further complicate the implantation process (7).

Apart from these, certain prosthetic-related complications are
observed with the traditional method of implant placement.
Incorrect or inaccurate positioning of the dental implant can lead
to procedure failures and complications such as implant fracture,
instability, inflammatory response, osseous and soft-tissue
problems, and adjacent tissue damage (3, 4). Implant body
fractures often result in excessive occlusal forces or uneven
prosthesis loading, transferring stress from the implant’s core to
its periphery (8-10). These complications often stem from
variability in surgical skill. As a result, dental implantation is a
complex, interdisciplinary procedure that necessitates a thorough
understanding of prosthetic principles alongside advanced clinical
expertise to achieve optimal outcomes (11). To mitigate these
challenges, the integration of virtual reality presents an
innovative solution, enhancing implant placement precision and

improving overall treatment efficiency for surgeons.

Historical development of virtual reality in
dentistry

In dentistry, VR models can generate accurate and detailed
simulations of the oral cavity structures and dentition, assisting
clinicians to familiarize themselves with patient-specific anatomy
prior to any surgical procedure. This facilitates precise and
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personalized treatments, enhancing clinical outcomes (21). Novice
surgeons often experience anxiety when handling instruments like
drilling machines. However, practicing these techniques in a VR
environment allows them to build confidence and proficiency
before performing procedures on real patients (21).

VR has gained popularity across various dental specialties
including orthodontics, periodontics, endodontic treatments, oral
pathology, and oral radiology (22). Recent advancements have been
made in the field of VR with increased adoption in both educational
and clinical applications. For example, Direct Volume Rendering
was developed in the 1980s and laid the foundation for visualizing
medical data. It acted as a precursor to immersive VR applications.
Early medical applications of VR included training healthcare
providers, used for Electrocardiogram (ECG) assessment in 2003.
By 2009, platforms like Second Life, an online, 3D virtual world
were also being explored for their potential in health education (23).

Furthermore, VR found applicability in improving patient
knowledge. VR for
visualization of treatment plans. This technique has shown

Clinicians can integrate on-screen
improved communication and satisfaction among patients and
providers (22). Another significant aspect of integrating VR is
connecting rural underprivileged areas with specialists across the
globe. It promotes remote assessment and treatment of patients
utility of VR
underprivileged population.

expanding the in dentistry among the

Research and development in
dentistry have also used VR for accurate and realistic simulation
that can allow the performance of new procedures without any
ethical constraints (24).

VR models are extremely useful for educational and learning
purposes when it comes to dental implants. Novice clinicians
benefit from the ability to zoom in on detailed 3D images and

scans, offering greater flexibility than traditional 2D methods.

Research indicates that VR significantly enhances tooth
visualization compared to conventional 2D imaging (25). By
manipulating the 3D models, surgeons gain a deeper

understanding of underlying structures. Given the successful
integration of VR in various dental specialties, it is unsurprising
that implant dentistry has embraced this technology. VR is now
utilized throughout the implant process, from initial planning to
surgical execution.

Applications of virtual reality in implant
dentistry

Similar to other dental fields, VR technology is essential for
preoperative planning in implant procedures. While advances in
imaging techniques like computed tomography (CT) and
magnetic resonance imaging (MRI) have been significant, VR
offers a superior visualization tool due to its 3D simulation
capabilities compared to traditional 2D modalities (26). In
addition, VR is useful in generating accurate virtual models of
the dentition for precise replication and replacement of missing
teeth (26). Compared to traditional casts and scans, it captures
intricate details and provides clear visualization, leading to
improved patient safety and reduced risks (27).
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VR modeling empowers surgeons to manipulate images
through translation, rotation, and scaling, allowing for detailed
examination and identification of potential deformities or
conditions that might be overlooked in 2D images (28).

Another application of VR in dental implants is surgical
training and education. Compared to traditional classroom
teaching, VR offers a hands-on learning experience. VR provides
practical experience rather than theoretical knowledge, allowing
students and novice surgeons to repeatedly practice surgical skills
in a risk-free environment (29).

Unlike conventional training where students primarily observe
skill
compromising patient outcomes. By integrating VR into the

surgeons, VR enables active development  without

dental curriculum, institutions can reduce educational costs and
faculty workload by providing an efficient platform for skill
(30). Table 1 highlights the
applications of VR in dentistry in different areas of implantology.

acquisition and assessment

A novel application of VR is its potential to reduce patient
anxiety and enhance the overall patient experience. The use of
VR has emerged as a promising strategy to mitigate discomfort
and anxiety associated with dental procedures. Preoperatively, VR
environments can induce relaxation and alleviate preoperative
apprehension (18). During local procedures, VR can serve as a
distraction from pain and discomfort, particularly beneficial for
pediatric patients. Studies have demonstrated VR’s effectiveness
in reducing anxiety during anesthesia administration and tooth
extraction (19, 20). These findings highlight VR’s potential to
revolutionize patient care by offering patient-centric, anxiety-
reducing technologies.

Specific techniques in virtual reality-guided
surgery

VR-guided surgery in dental implantology involves several key
that
Preoperative planning involves acquiring high-resolution CT

techniques contribute to its precision and efficacy.
scans to generate detailed 3D models of the patient’s jawbone.
These models are segmented to identify crucial anatomical
structures like bone, nerves, and blood vessels. Surgeons virtually
position implants by taking into account factors such as bone
density, implant length, and angulation, leading to the creation
of a 3D-printed surgical guide with precisely drilled holes for
accurate implant placement (33). This pre-operative assessment
minimizes intraoperative surprises and reduces the risk of
complications (34).

Intraoperatively, the surgical guide is accurately positioned on
the patient’s jaw. The surgeon then drills precise osteotomy holes
using the guide and places implants according to the virtual
plan. VR technology aids in assessing soft tissue conditions and
planning optimal soft tissue management (35). Intraoperative
imaging and augmented reality enhance surgical precision. Cone-
beam computed tomography (CBCT) is utilized to assess implant
placement accuracy and detect unexpected anatomical variations.
Real-time image fusion of preoperative and intraoperative data
enables continuous comparison and surgical plan adjustments
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TABLE 1 Examples of various VR systems and their real-world applications.

10.3389/fdmed.2024.1491268

[ Technology Area of application

Image Guided Implantology (IGI) | Pre-operative imaging
(13, 31) .

Guided surgery mannequin:
Consists of a mannequin, handpiece, cameras, and software.

« Ensures accurate implant placement by overlaying surgical plan onto the intraoperative
field.
o Uses an acrylic splint as a marker for guiding implant positioning.

o Provides continuous feedback to minimize deviations from the surgical plan.

Virtual scope:
« Captures real-time images using an ultrasound probe.
« Independently monitors implant placement without external reference points.

o Addresses the challenge of mismatched entry points.

Rodent system (32) Preoperative planning Intraoperative .

implantation

Sensor-based technology: Utilizes passive optical sensors for precise spatial tracking of both
patient and surgical instruments.

« High interactivity: Offers an intuitive and simple user interface.

« Automation: Most system processes are automated for efficient operation.

« Clinical validation: Approved for medical use in Europe and has successfully completed over

100 implantations.

Impala system (13) Preoperative planning Intraoperative .

implantation .

Creates a simulated surgical field to enhance accuracy and safety.
Integrates automatic drill guide generation and real-time instrument tracking.

« Applicable to various implant procedures including angled, flapless, and zygomatic implants.

VirtEasy system (13) Implantation teaching .

phases.

Offers a structured learning approach with sequential plan development and virtual surgery

« Provides automated system support and continuous performance feedback.
« Demonstrates potential to revolutionize implant training.

(Figure 1). Moreover, augmented reality overlays virtual
information, such as the planned implant position, onto the
patient’s live view, further refining accuracy. By integrating these
technologies, VR-guided surgery delivers precise, predictable
implant placement,

optimizing outcomes and minimizing

complications (36).

Benefits of virtual reality in implant dentistry
over conventional techniques

The integration of VR for dental implantation provides
numerous benefits for both clinicians and patients (Figure 2). For
novice surgeons, VR training offers distinct advantages. VR
systems excel at data acquisition and can accurately track
operator movements with submillimeter precision, identifying
minute errors often missed by human experts. These systems
simulate real-world scenarios and provide immediate feedback,
enabling learners to correct mistakes promptly (37).

VR is frequently employed as a guided surgery tool in dental
implant placement. Its value is particularly evident in complex
cases requiring precise implant positioning, such as patients with
CT
reconstructions (38

imaging, extended implant lengths, or maxillary
). However, for simpler cases with adequate
bone volume and clear anatomical visibility, VR may not be
necessary (39).

VR-guided implantation offers the potential to prevent damage
to surrounding tissues while preserving the implant’s aesthetics and
function (34). With the upcoming technologies like artificial
intelligence (AI) and augmented reality (AR), the combination of

these with VR opens the avenue to multiple opportunities (38).
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With the emerging studies on virtual implants, there is a
growing body of evidence reporting better performance of VR
compared to conventional techniques. A randomized controlled
trial was conducted on 73 patients undergoing implantation with
one group that underwent the treatment without the use of VR,
while the other one used VR during surgery (40). The clinical
outcome in terms of pain reduction was significantly lower in the
VR group. Furthermore, in patients with greater dental anxiety,
VR demonstrated reduced memory vividness of the procedure.
Another study comparing the use of virtual reality and jaw
simulation with traditional methods in dental implantation
courses found that students demonstrated improved implant
accuracy and a deeper theoretical understanding (41). Chen et al.
observed that using a haptic-based Dental Implant Simulation
System (DISS) effectively replicates a range of dental implant
procedures, accommodating variations in drill diameter and speed,
while utilizing patient-specific models as input (42). This virtual
reality technology enabled surgeons to practice and refine their
skills prior to performing actual surgeries. A recent study by
Shusterman (2024) used a mixed reality system for implanting a
single tooth (43).
holographic guidance, with high accuracy and minimal deviations

Implant site preparation was done using

from the 3-D planning. The findings of these studies indicate
improved accuracy, feasibility, and lowered patient distress with
the use of VR in implantology. Furthermore, implementing VR
approaches over conventional techniques can potentially
revolutionize implantation outcomes by detecting errors before the
complication arises, or signal when the implantation is incorrectly
placed to reduce the chances of implant failure. Therefore, VR in
implantology stands as an important emerging technology, with

rapid acceptance among surgeons, trainees, and patients.
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FIGURE 2
Advantages of virtual reality in implant dentistry. VR provides an immersive, three-dimensional visualization of the patient’s anatomy, which allows

clinicians to plan implant placement and surgical procedures with higher accuracy.
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Challenges and limitations

While VR
limitations must be acknowledged. The major limitation is the

integration offers multiple advantages, the
potential for a steep learning curve and implementation
challenges for experienced surgeons accustomed to conventional
techniques. Moreover, VR can impose a cognitive burden as
surgeons must simultaneously focus on the patient and the
virtual display. For instance, a surgeon might find it difficult to
accurately assess tissue depth while attending to the VR interface.
This issue is exacerbated when the tracking sensor and VR
display are physically attached (44), hindering focus on the
surgical field (45). To alleviate this, positioning the VR screen
closer to the patient’s head can minimize head movement and
distractions. However, further research and development are
needed to explore additional strategies for optimizing VR
integration in the operating room (46).

Apart from the aforementioned limitations, certain challenges
are inherent to VR systems that must be addressed (13). First, the
implementation of a VR system requires a significant financial
investment by clinics or institutes. The rapidly evolving nature of
technology may hinder widespread adoption. Second, customizing
VR platforms to individual surgeon preferences is complex and
developer further
increasing costs. The systems can be challenging to manipulate

often necessitates software involvement,
and require a learning curve. Third, the computational nature of
VR systems renders them susceptible to various software bugs
(e.g., glitches, errors) (13). Any disruption caused by code
malfunction can potentially impede information transmission.
Another key limitation of using VR for patients is the potential
impact on patient-clinician interaction. Traditional face-to-face
communication, which often fosters trust and rapport, may be
compromised by VR interaction (47, 48). For instance, a patient
might feel less connected to their clinician if a significant portion
of the consultation is conducted through a virtual interface.
Therefore, while VR can enhance surgical proficiency, its overall
impact on patient care must be evaluated in clinical settings to

ensure the preservation of strong patient-clinician relationships (49).

Future directions and innovations

Integrating VR in implant dentistry necessitates further research
and development of tracking technologies. Moreover, the synergistic
combination of VR with emerging technologies like AT and AR holds
immense promise. Al algorithms can be specifically designed to
analyze patient data and simulate various implant placement
scenarios within the VR environment, optimizing treatment
planning. For instance, Al could predict potential complications or
suggest alternative implant positions based on patient-specific
factors. Additionally, AR can enhance VR by overlaying virtual
information onto the real-world surgical field, enabling surgeons to
visualize anatomical structures and implant positions in real-time.
This integration of technologies can significantly elevate the
precision and efficacy of implant procedures.

Frontiers in Dental Medicine

10.3389/fdmed.2024.1491268

VR systems can also be developed to provide patient-specific
training, revolutionizing personalized medicine. Integrating VR
and AR early in the dental curriculum can facilitate early
exposure and skill development among dental students. Remote
practice for surgeons and students can be made available with
the introduction of affordable and compact VR systems
compatible with smartphones or laptops. To fully realize the
potential of VR in dental implant training, standardization is
crucial to define the optimal balance between VR simulation and
traditional, hands-on learning, ensuring the preservation of
essential theoretical and practical knowledge.

Conclusion

This narrative review underscores the transformative potential
of VR systems in implant dentistry, spanning from pre-operative
planning to intraoperative execution and surgical training. By
integrating advanced technologies like AI and AR, VR has the
capacity to revolutionize implant procedures, increasing accuracy,
VR offers
opportunities for repeated practice and learning sessions until

efficiency, and patient safety. For students,
they become proficient and confident. While challenges related to
affordability and accessibility persist, the potential benefits,
including reduced errors and

surgical improved patient

outcomes, warrant significant investment in research and
development. Collaborative efforts among researchers, clinicians,
and industry are essential to overcome limitations and fully

harness the power of VR to enhance dental implant care.

Author contributions

MA: Writing - review & editing, Writing - original draft.

Funding

The author declares that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The author declares that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fdmed.2024.1491268
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/

Alasiri

References

1. The glossary of prosthodontic terms: ninth edition. J Prosthet Dent. (2017) 117
(5s):e1-e105. doi: 10.1016/j.prosdent.2016.12.001

2. Gupta R, Gupta N, Kurt K, Weber D. Dental Implants. Treasure Island, FL:
StatPearls Publishing (2023).

3. Zorzal ER, Paulo SF, Rodrigues P, Mendes JJ, Lopes DS. An immersive
educational tool for dental implant placement: a study on user acceptance. Int
J Med Inform. (2021) 146:104342. doi: 10.1016/j.ijmedinf.2020.104342

4. Liaw K, Delfini RH, Abrahams JJ. Dental implant complications. Semin
Ultrasound CT MR. (2015) 36(5):427-33. doi: 10.1053/j.sult.2015.09.007

5. Worthington P. Injury to the inferior alveolar nerve during implant placement: a
formula for protection of the patient and clinician. Int J Oral Maxillofac Implants.
(2004) 19(5):731-4.

6. Nazarian Y, Eliav E, Nahlieli O. Nerve injury following implant placement:
prevention, diagnosis and treatment modalities. Refuat Hapeh Vehashinayim (1993).
(2003) 20(3):44-50. 101.

7. Hammerle CHF, Tarnow D. The etiology of hard- and soft-tissue deficiencies at
dental implants: a narrative review. ] Periodontol. (2018) 89(Suppl 1):5S291-303.
doi: 10.1002/JPER.16-0810

8. Avetisyan A, Markaryan M, Rokaya D, Tovani-Palone MR, Zafar MS, Khurshid Z,
et al. Characteristics of periodontal tissues in prosthetic treatment with fixed dental
prostheses. Molecules. (2021) 26(5):1331. doi: 10.3390/molecules26051331

9. Stoichkov B, Kirov D. Analysis of the causes of dental implant fracture: a retrospective
clinical study. Quintessence Int. (2018) 49(4):279-86. doi: 10.3290/j.qi.a39846

10. Marcelo CG, Filie Haddad M, Gennari Filho H, Marcelo Ribeiro Villa L, Santos
DM D, Aldieris AP. Dental implant fractures—aetiology, treatment and case report.
J Clin Diagn Res. (2014) 8(3):300—4. doi: 10.7860/JCDR/2014/8074.4158

11. Monaghesh E, Negahdari R, Samad-Soltani T. Application of virtual reality in
dental implants: a systematic review. BMC Oral Health. (2023) 23(1):603. doi: 10.
1186/512903-023-03290-7

12. Rubio-Tamayo JL, Gertrudix Barrio M, Garcia Garcia F. Immersive
environments and virtual reality: systematic review and advances in
communication, interaction and simulation. Multimodal Ttechnologies and
Tinteraction. (2017) 1(4):21. doi: 10.3390/mti1040021

13. Hariharan A. Virtual reality and augmented reality in oral implantology. J Oral
Hyg Health. (2021) 9(8).

14. Javvaji CK, Reddy H, Vagha JD, Taksande A, Kommareddy A, Reddy NS.
Immersive innovations: exploring the diverse applications of virtual reality (VR) in
healthcare. Cureus. (2024) 16(3):e56137. doi: 10.7759/cureus.56137

15. Towers A, Field J, Stokes C, Maddock S, Martin N. A scoping review of the use
and application of virtual reality in pre-clinical dental education. Br Dent J. (2019) 226
(5):358-66. doi: 10.1038/s41415-019-0041-0

16. Holzinger D, Juergens P, Shahim K, Reyes M, Schicho K, Millesi G, et al.
Accuracy of soft tissue prediction in surgery-first treatment concept in orthognathic
surgery: a prospective study. ] Craniomaxillofac Surg. (2018) 46(9):1455-60. doi: 10.
1016/j.jcms.2018.05.055

17. Vasak C, Watzak G, Gahleitner A, Strbac G, Schemper M, Zechner W.
Computed tomography-based ~evaluation of template (NobelGuideTM)—guided
implant positions: a prospective radiological study. Clin Oral Implants Res. (2011)
22(10):1157-63. doi: 10.1111/j.1600-0501.2010.02070.x

18. Ganry L, Hersant B, Sidahmed-Mezi M, Dhonneur G, Meningaud JP. Using
virtual reality to control preoperative anxiety in ambulatory surgery patients: a pilot
study in maxillofacial and plastic surgery. J Stomatol Oral Maxillofac Surg. (2018)
119(4):257-61. doi: 10.1016/j.jormas.2017.12.010

19. Yamashita Y, Shimohira D, Aijima R, Mori K, Danjo A. Clinical effect of virtual
reality to relieve anxiety during impacted mandibular third molar extraction under local
anesthesia. ] Oral Maxillofac Surg. (2020) 78(4):545.e1-6. doi: 10.1016/j.joms.2019.11.016

20. Ougradar A, Ahmed B. patients’ perceptions of the benefits of virtual reality during
dental extractions. Br Dent J. (2019) 227(9):813-6. doi: 10.1038/s41415-019-0939-6

21. Haleem A, Javaid M, Khan IH. Virtual reality (VR) applications in dentistry: an
innovative technology to embrace. Indian ] Dent Res. (2020) 31(4):666-7. doi: 10.
4103/ijdr.JJDR_501_19

22. Haleem A, Javaid M. Industry 4.0 and its applications in dentistry. Indian ] Dent
Res. (2020) 31(5):824-5. doi: 10.4103/ijdr.JDR_904_18

23. Pensieri C, Pennacchini M. Handbook on 3D3C platforms. Applications and tools
for three dimensional systems for community, creation and commerce. Virtual Reality in
Medicine. Cham: Springer International Publishing AG (2015). p. 49. doi: 10.1007/
978-3-319-22041-3

24. Ford CG, Manegold EM, Randall CL, Aballay AM, Duncan CL. Assessing the
feasibility of implementing low-cost virtual reality therapy during routine burn care.
Burns. (2018) 44(4):886-95. doi: 10.1016/j.burns.2017.11.020

Frontiers in Dental Medicine

10.3389/fdmed.2024.1491268

25. Papadopoulos L, Pentzou AE, Louloudiadis K, Tsiatsos TK. Design and
evaluation of a simulation for pediatric dentistry in virtual worlds. ] Med Internet
Res. (2013) 15(11):€240. doi: 10.2196/jmir.2651

26. Rantamaa HR, Kangas J, Jordan M, Mehtonen H, Makela ], Ronkainen K, et al.
Evaluation of virtual handles for dental implant manipulation in virtual reality
implant planning procedure. Int ] Comput Assist Radiol Surg. (2022) 17(9):1723-30.
doi: 10.1007/s11548-022-02693-1

27. Vavra P, Roman J, Zonca P, Thnat P, Nemec M, Kumar J, et al. Recent
development of augmented reality in surgery: a review. ] Healthc Eng. (2017)
2017:4574172. doi: 10.1155/2017/4574172

28. Bartella AK, Kamal M, Scholl I, Schiffer S, Steegmann J, Ketelsen D, et al.
Virtual reality in preoperative imaging in maxillofacial surgery: implementation of
“the next level”? Br J Oral Maxillofac Surg. (2019) 57(7):644-8. doi: 10.1016/j.
bjoms.2019.02.014

29. Joda T, Gallucci GO, Wismeijer D, Zitzmann NU. Augmented and virtual reality
in dental medicine: a systematic review. Comput Biol Med. (2019) 108:93-100. doi: 10.
1016/j.compbiomed.2019.03.012

30. Huang Y, Hu Y, Chan U, Lai P, Sun Y, Dai J, et al. Student perceptions toward
virtual reality training in dental implant education. Peer]. (2023) 11:¢14857. doi: 10.
7717/peerj. 14857

31. Casap N, Wexler A, Persky N, Schneider A, Lustmann J. Navigation surgery for
dental implants: assessment of accuracy of the image guided implantology system.
J Oral Maxillofac Surg. (2004) 62(9 Suppl 2):116-9. doi: 10.1016/j.joms.2004.06.028

32. Brief J, Edinger D, Hassfeld S, Eggers G. Accuracy of image-guided
implantology. Clin Oral Implants Res. (2005) 16(4):495-501. doi: 10.1111/j.1600-
0501.2005.01133.x

33. Nogueira-Reis F, Morgan N, Nomidis S, Van Gerven A, Oliveira-Santos N,
Jacobs R, et al. Three-dimensional maxillary virtual patient creation by
convolutional neural network-based segmentation on cone-beam computed
tomography images. Clin Oral Investig. (2023) 27(3):1133-41. doi: 10.1007/s00784-
022-04708-2

34. Agreli K, Filho I, Kassis E. Virtual surgery in implantology: a systematic review
and state of the art. MedNEXT ] Med Health Sci. (2021) 2(2):7. doi: 10.34256/
mdnt2122

35. Kim M]J, Jeong JY, Ryu J, Jung S, Park HJ, Oh HK, et al. Accuracy of digital
surgical guides for dental implants. Maxillofac Plast Reconstr Surg. (2022) 44(1):35.
doi: 10.1186/540902-022-00364-4

36. Burstrom G, Cewe P, Charalampidis A, Nachabe R, Séderman M, Gerdhem P,
et al. Intraoperative cone beam computed tomography is as reliable as
conventional computed tomography for identification of pedicle screw breach in
thoracolumbar spine surgery. Eur Radiol. (2021) 31(4):2349-56. doi: 10.1007/
500330-020-07315-5

37. Durham M, Engel B, Ferrill T, Halford J, Singh TP, Gladwell M. Digitally
augmented learning in implant dentistry. Oral Maxillofac Surg Clin North Am.
(2019) 31(3):387-98. doi: 10.1016/j.coms.2019.03.003

38. Seo C, Juodzbalys G. Accuracy of guided surgery via stereolithographic Mucosa-
supported surgical guide in implant surgery for edentulous patient: a systematic
review. J Oral Maxillofac Res. (2018) 9(1):el. doi: 10.5037/jomr.2018.9101

39. Raico Gallardo YN, da Silva-Olivio IRT, Mukai E, Morimoto S, Sesma N,
Cordaro L. Accuracy comparison of guided surgery for dental implants according
to the tissue of support: a systematic review and meta-analysis. Clin Oral Implants
Res. (2017) 28(5):602-12. doi: 10.1111/clr.12841

40. Ghobadi A, Moradpoor H, Sharini H, Khazaie H, Moradpoor P. The effect of
virtual reality on reducing patients’ anxiety and pain during dental implant surgery.
BMC Oral Health. (2024) 24(1):186. doi: 10.1186/512903-024-03904-8

41. Zhang B, Li S, Gao S, Hou M, Chen H, He L, et al. Virtual versus jaw simulation
in oral implant education: a randomized controlled trial. BMC Med Educ. (2020) 20
(1):272. doi: 10.1186/512909-020-02152-y

42. Chen X, Sun P, Liao D. A patient-specific haptic drilling simulator based on
virtual reality for dental implant surgery. Int ] Comput Assist Radiol Surg. (2018) 13
(11):1861-70. doi: 10.1007/s11548-018-1845-0

43. Shusterman A, Nashef R, Tecco S, Mangano C, Mangano F. Implant placement
using mixed reality-based dynamic navigation: a proof of concept. J Dent. (2024)
149:105256. doi: 10.1016/j.jdent.2024.105256

44. Pellegrino G, Mangano C, Mangano R, Ferri A, Taraschi V, Marchetti C.
Augmented reality for dental implantology: a pilot clinical report of two cases.
BMC Oral Health. (2019) 19(1):158. doi: 10.1186/s12903-019-0853-y

45. Jiang W, Ma L, Zhang B, Fan Y, Qu X, Zhang X, et al. Evaluation of the 3D
augmented reality-guided intraoperative positioning of dental implants in
edentulous mandibular models. Int ] Oral Maxillofac Implants. (2018) 33
(6):1219-28. doi: 10.11607/jomi.6638

frontiersin.org


https://doi.org/10.1016/j.prosdent.2016.12.001
https://doi.org/10.1016/j.ijmedinf.2020.104342
https://doi.org/10.1053/j.sult.2015.09.007
https://doi.org/10.1002/JPER.16-0810
https://doi.org/10.3390/molecules26051331
https://doi.org/10.3290/j.qi.a39846
https://doi.org/10.7860/JCDR/2014/8074.4158
https://doi.org/10.1186/s12903-023-03290-7
https://doi.org/10.1186/s12903-023-03290-7
https://doi.org/10.3390/mti1040021
https://doi.org/10.7759/cureus.56137
https://doi.org/10.1038/s41415-019-0041-0
https://doi.org/10.1016/j.jcms.2018.05.055
https://doi.org/10.1016/j.jcms.2018.05.055
https://doi.org/10.1111/j.1600-0501.2010.02070.x
https://doi.org/10.1016/j.jormas.2017.12.010
https://doi.org/10.1016/j.joms.2019.11.016
https://doi.org/10.1038/s41415-019-0939-6
https://doi.org/10.4103/ijdr.IJDR_501_19
https://doi.org/10.4103/ijdr.IJDR_501_19
https://doi.org/10.4103/ijdr.IJDR_904_18
https://doi.org/10.1007/978-3-319-22041-3
https://doi.org/10.1007/978-3-319-22041-3
https://doi.org/10.1016/j.burns.2017.11.020
https://doi.org/10.2196/jmir.2651
https://doi.org/10.1007/s11548-022-02693-1
https://doi.org/10.1155/2017/4574172
https://doi.org/10.1016/j.bjoms.2019.02.014
https://doi.org/10.1016/j.bjoms.2019.02.014
https://doi.org/10.1016/j.compbiomed.2019.03.012
https://doi.org/10.1016/j.compbiomed.2019.03.012
https://doi.org/10.7717/peerj.14857
https://doi.org/10.7717/peerj.14857
https://doi.org/10.1016/j.joms.2004.06.028
https://doi.org/10.1111/j.1600-0501.2005.01133.x
https://doi.org/10.1111/j.1600-0501.2005.01133.x
https://doi.org/10.1007/s00784-022-04708-2
https://doi.org/10.1007/s00784-022-04708-2
https://doi.org/10.34256/mdnt2122
https://doi.org/10.34256/mdnt2122
https://doi.org/10.1186/s40902-022-00364-4
https://doi.org/10.1007/s00330-020-07315-5
https://doi.org/10.1007/s00330-020-07315-5
https://doi.org/10.1016/j.coms.2019.03.003
https://doi.org/10.5037/jomr.2018.9101
https://doi.org/10.1111/clr.12841
https://doi.org/10.1186/s12903-024-03904-8
https://doi.org/10.1186/s12909-020-02152-y
https://doi.org/10.1007/s11548-018-1845-0
https://doi.org/10.1016/j.jdent.2024.105256
https://doi.org/10.1186/s12903-019-0853-y
https://doi.org/10.11607/jomi.6638
https://doi.org/10.3389/fdmed.2024.1491268
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/

Alasiri

46. Bosc R, Fitoussi A, Hersant B, Dao TH, Meningaud JP. Intraoperative
augmented reality with heads-up displays in maxillofacial surgery: a systematic
review of the literature and a classification of relevant technologies. Int | Oral
Maxillofac Surg. (2019) 48(1):132-9. doi: 10.1016/j.ijom.2018.09.010

47. Lluch M. Healthcare professionals’ organisational barriers to health information
technologies—a literature review. Int | Med Inform. (2011) 80(12):849-62. doi: 10.
1016/j.ijmedinf.2011.09.005

Frontiers in Dental Medicine

08

10.3389/fdmed.2024.1491268

48. Baniasadi T, Niakan Kalhori SR, Ayyoubzadeh SM, Zakerabasali S,
Pourmohamadkhan M. Study of challenges to utilise mobile-based health care
monitoring systems: a descriptive literature review. J Telemed Telecare. (2018) 24
(10):661-8. doi: 10.1177/1357633X18804747

49. Baniasadi T, Ayyoubzadeh SM, Mohammadzadeh N. Challenges and practical
considerations in applying virtual reality in medical education and treatment. Oman
Med J. (2020) 35(3):e125. doi: 10.5001/0mj.2020.43

frontiersin.org


https://doi.org/10.1016/j.ijom.2018.09.010
https://doi.org/10.1016/j.ijmedinf.2011.09.005
https://doi.org/10.1016/j.ijmedinf.2011.09.005
https://doi.org/10.1177/1357633X18804747
https://doi.org/10.5001/omj.2020.43
https://doi.org/10.3389/fdmed.2024.1491268
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/

	Potential applicability of virtual reality in implant dentistry: a narrative review
	Introduction
	Biological and prosthesis-associated risks in conventional implantation techniques
	Historical development of virtual reality in dentistry
	Applications of virtual reality in implant dentistry
	Specific techniques in virtual reality-guided surgery
	Benefits of virtual reality in implant dentistry over conventional techniques
	Challenges and limitations
	Future directions and innovations

	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


