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Abstract  

The rapid evolution of technology is profoundly transforming modern dentistry, offering enhanced 
diagnostic accuracy, optimized treatment plans, and improved patient outcomes. This paper 
investigates the integration of various cutting-edge technologies such as Artificial Intelligence (AI), 
Augmented Reality (AR), Virtual Reality (VR), Teledentistry, Computer-assisted Design (CAD), 3D 
Printing, Blockchain, and CRISPR in the dental field. AI applications are revolutionizing diagnostic 
processes, particularly in detecting dental caries, periodontitis, and planning orthodontic treatments. AR 
and VR are enhancing educational methodologies and clinical applications by providing immersive, 
real-time feedback and visualization, improving both student training and patient care. Teledentistry is 
breaking barriers to access, especially for underserved populations, by facilitating remote consultations 
and emphasizing preventive care. CAD and 3D Printing are streamlining the creation of dental 
prosthetics, making the process more efficient and precise. Blockchain technology ensures secure 
storage and sharing of patient records, enhancing data privacy and disaster victim identification. 
CRISPR, a groundbreaking genome-editing tool, holds promise for targeted treatments of oral diseases. 
The paper discusses the transformative potential of these technologies, highlighting current 
applications, challenges, and future directions in modern dentistry. 

Keywords: Artificial Intelligence, Augmented Reality, Blockchain, CAD, CRISPR, Dental Technology, 
Diagnostics, Modern Dentistry, Patient Care, Treatment Planning, Teledentistry, 3D Printing, Virtual 
Reality. 

 
INTRODUCTION 

1. The Impact of AI on Modern Dentistry 

Artificial intelligence (AI) is revolutionizing many fields, and dentistry is no exception. 
It is enhancing clinical decision-making, improving diagnostic accuracy, and optimizing 
treatment plans [1]. This paper explores how AI is transforming various dental 
specializations, benefiting both dentists and patients by providing more precise care 
and better outcomes [2]. 
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Enhancing Diagnostic Accuracy in Operative Dentistry 

Despite advancements in X-ray technology, dentists can still miss small cavities, 
particularly in challenging areas such as between teeth [3]. AI technologies, including 
neural networks, are proving to be more effective at detecting early-stage dental caries 
and vertical root fractures [4]. By identifying problems earlier, AI helps prevent the 
need for extensive treatments, ultimately benefiting patients by reducing the likelihood 
of severe dental issues. 

Early Detection in Periodontics 

Periodontitis, a major cause of tooth loss, often goes unnoticed in its early stages. AI 
systems assist dentists in early detection of gum disease, making treatments more 
effective and less invasive. This technological advancement is akin to having a 
specialized gum disease expert on the dental team, improving patient outcomes 
significantly [5]. 

Optimizing Orthodontic Treatments 

Orthodontic treatment planning is complex, involving numerous measurements and 
analyses. AI models streamline this process by helping orthodontists design optimal 
treatment plans and predict outcomes more accurately. This leads to quicker, more 
efficient treatments with reduced guesswork, ultimately improving the patient 
experience [4,6]. 

Advances in Oral and Maxillofacial Pathology 

Early detection of oral cancers and other severe conditions traditionally relies on 
biopsies. AI enhances the analysis of scans and microscope slides, identifying 
suspicious areas that require further examination and distinguishing between different 
tumor types. For instance, a machine learning method developed in 2019 accurately 
quantified immune cells near oral cancer cells, providing insights into cancer spread 
and resistance, thereby aiding in prognosis and treatment strategies [7]. 

Improving Prosthodontics 

The creation of crowns, dentures, and other dental restorations requires precision for 
a perfect fit, typically a time-consuming process. AI models facilitate this by integrating 
with computer-assisted design (CAD) to generate precise dental restorations and 
improve shade matching. Additionally, AI's ability to analyze genomic data can lead to 
personalized dental care, offering tailored treatment options and predicting success 
probabilities [8]. 
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Fıgure 1:  Impact of AI on Modern Dentistry 

2. Augmented Reality in Dentistry 

Augmented Reality (AR) is becoming increasingly integrated into dentistry, both for 
educational purposes and clinical applications. While many are familiar with AR 
through social media apps like Snapchat, which superimposes filters onto faces, its 
utility extends far beyond entertainment [9]. 

Educational Applications 

One significant application of AR in dentistry is in education. Image Navigation's 
DentSim Simulator combines AR with a mannequin, enabling dental students to 
practice procedures while receiving real-time feedback [10]. The system tracks 
students' movements and provides immediate guidance, helping them identify areas 
for improvement and hone their skills more efficiently [11]. This innovative approach 
is already being used by approximately 8,500 students in dental schools worldwide, 
enhancing the learning experience and preparing students for real-world scenarios. 

Clinical Applications 

In clinical settings, AR is particularly useful in reconstructive and aesthetic dentistry. It 
allows patients to visualize the potential outcomes of their treatments before they 
proceed. For instance, SmartTek has developed an AR app that uses a phone or 
tablet's camera to overlay virtual images of the desired dental improvements onto the 
patient’s existing teeth [12]. This visualization aids in planning and decision-making, 
as patients and dentists can adjust features like the height and spacing of teeth to 
achieve the best possible results. By providing a preview of the post-treatment 
appearance, AR helps ensure patient satisfaction and improves the overall treatment 
experience [13]. 

3. Virtual Reality in Dentistry 

Virtual Reality (VR) immerses users in a completely virtual environment, distinct from 
Augmented Reality (AR) which overlays digital information onto the real world [14]. By 
using a dedicated headset, VR can transport students and dental professionals into a 
simulated operating room, and provide patients with a calming distraction during dental 
procedures [15]. 
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Educational Applications 

VR offers transformative potential in dental education. Traditionally, only a few 
students can observe a surgeon directly during an operation, limiting their learning 
opportunities. VR overcomes this limitation by allowing surgeries to be streamed 
globally using VR cameras [16]. Students can virtually "attend" these surgeries from 
anywhere in the world, experiencing the procedure from the surgeon’s perspective. 
Dentistry has been a pioneer in adopting this technology [17]. For instance, in 2015, 
Nobel Biocare conducted the first dental surgery filmed in VR, enabling virtual 
observers to witness the procedure in detail. This was a significant advancement, 
predating the first VR-recorded surgery in general medicine at the Royal London 
Hospital in 2016. Moreover, VR simulations can help dental students develop empathy 
by putting them in their patients' shoes or in challenging scenarios, enhancing their 
communication and patient care skills [18,19]. 

4. The Transformative Impact of Teledentistry 

Teledentistry is emerging as a crucial solution for overcoming barriers to dental care, 
particularly for children, patients with special needs, the elderly in nursing homes, and 
individuals in rural areas. This innovative approach leverages technology to provide 
remote dental consultations and care, significantly enhancing accessibility and 
affordability [20]. 

Bridging the Access Gap 

For many individuals, especially those in remote areas, access to dental care is 
limited. Teledentistry addresses this issue by enabling virtual consultations, which can 
be especially beneficial for patients who struggle to visit a dentist due to physical 
limitations or geographical distance [21]. Companies like The Teledenists and 
MouthWatch are leading the way by offering comprehensive teledentistry services that 
facilitate easier access to oral and dental care. These services not only lower costs for 
patients but also shift the focus towards preventive care, reducing the need for more 
expensive treatments later on [22]. 

Innovative Services in Teledentistry 

MouthWatch’s TeleDent service exemplifies the capabilities of modern teledentistry. 
This all-in-one platform allows patients to capture images of their dental issues, send 
relevant information to a dentist, and participate in live consultations [23]. The service 
includes features such as video chats, which help dentists build rapport with patients 
and caregivers, ensuring a more personalized and effective consultation. This 
approach not only aids in remote diagnosis but also helps in guiding patients who may 
need to visit a dental office for further treatment [24]. 

Institutional Support and Guidance 

The American Dental Association (ADA) has recognized the potential of teledentistry 
and issued a policy to provide guidance on its implementation. This policy outlines the 
modalities that teledentistry services should follow, helping to standardize practices 
and ensure quality care. The ADA’s support is crucial in legitimizing and promoting 
teledentistry as a viable and mainstream option for dental care [25]. 
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Clinical Applications 

For patients, VR can significantly reduce anxiety associated with dental visits. 
Research has demonstrated that VR can serve as an effective distraction tool in 
dentistry. In experiments, patients who wore VR goggles displaying calming natural 
scenes reported a more positive experience of their treatment. By immersing patients 
in a serene environment, VR helps to alleviate the stress and discomfort commonly 
associated with dental procedures [26]. 

 

Fıgure 2: Transformative Impact of Teledentistry 

5. Computer-Assisted Design and 3D Printing in Dentistry 

3D printing, a groundbreaking technology already making waves in healthcare by 
producing medicines, prosthetics, and organ replicas, is increasingly becoming a 
staple in dental labs. Its potential was underscored during the COVID-19 crisis, where 
it helped bypass supply chain disruptions to meet urgent hospital demands. As 3D 
printing integrates further into healthcare, its role in dentistry is expanding significantly 
[27]. 

The Revolution of CAD/CAM Technology 

Computer-assisted design (CAD) and computer-assisted manufacture (CAM), 
including 3D printing, are transforming dental laboratories into efficient, cost-effective 
digital labs [28]. Traditionally, creating a dental crown involved making a mold of the 
tooth, crafting a temporary crown, and waiting for a permanent one from the dental 
lab. This process was time-consuming and prone to delays [29]. 

With CAD/CAM technology, this process is streamlined. After the tooth is prepared, a 
digital image is captured and sent to a machine that manufactures the crown in-office. 
This eliminates the need for temporary crowns and reduces the waiting time for 
patients [30]. Companies like Stratasys, Desktop Health, and FormLabs provide 
advanced 3D printing solutions that enable dental labs to produce crowns and other 
dental products with precision and efficiency. 

 

 

http://www.commprac.com/


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   128                                             JUNE Volume 21 Issue 06 

Enhanced Efficiency and Precision 

3D printing technology in dental labs extends beyond crown manufacturing. It allows 
for the production of orthodontic models, surgical guides, aligners, retainers, and 
various other dental equipment with greater speed and accuracy compared to 
traditional methods [31]. This technological advancement improves workflow, reduces 
errors, and minimizes manual labor, thereby enhancing both time and cost efficiency 
[32]. 

 

Figure 3: Computer-Assisted Design and 3D Printing in Dentistry 

6. The Role of Intra-Oral Cameras in Modern Dentistry 

One of the common challenges faced by both dentists and patients is the difficulty in 
visualizing certain areas within the mouth, even with the aid of traditional dental 
mirrors. This issue can lead to discomfort and incomplete examinations. Intra-oral 
cameras offer a solution to this problem by providing a detailed and comprehensive 
view of the oral cavity [33]. 

Enhanced Visibility and Comfort 

Intra-oral cameras are small, handheld devices that capture high-resolution images of 
the inside of the mouth. These images can be displayed on a screen in real-time, 
allowing both the dentist and the patient to see detailed views of the teeth and gums 
[34]. This technology eliminates the need for patients to open their mouths 
uncomfortably wide and reduces the physical strain on dentists trying to visualize hard-
to-reach areas [35]. 

Leading Innovators 

Companies such as MouthWatch, Dürrdental, and Carestream Dental have introduced 
advanced intraoral cameras to the market. These cameras use unique liquid lens 
technology, which mimics the functionality of the human eye, ensuring effortless and 
precise image capture [36]. The high-quality images produced by these cameras are 
not only useful for diagnosis and treatment planning but also help in patient education. 
When patients can clearly see the condition of their teeth and gums, they are more 
likely to understand and comply with the recommended treatments [37]. 

http://www.commprac.com/


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   129                                             JUNE Volume 21 Issue 06 

 

Figure 4: The Role of Intra-Oral Cameras in Modern Dentistry 

7. Advancing Early Detection with Dental Laser Technology 

As fluoride usage becomes more prevalent, resulting in stronger enamel over time, 
traditional methods of detecting early caries, such as X-rays, face challenges in 
effectively identifying decay. However, the emergence of dental laser detection 
technology offers a promising solution to this issue, providing a highly accurate and 
non-invasive approach to detecting decay [38]. 

Addressing Challenges in Early Detection 

The strengthened outer enamel resulting from widespread fluoride use presents a 
unique challenge in early caries detection, particularly in X-rays. Traditional methods 
may struggle to detect decay hidden beneath the surface, leading to delayed diagnosis 
and treatment [39]. 

The Promise of Dental Laser Detection 

Dental laser detection technology offers an innovative alternative, boasting over 90% 
accuracy in identifying decay that may go undetected by traditional methods like 
explorers or bitewing X-rays. This painless and non-invasive approach provides 
patients with a comfortable experience while delivering reliable and data-driven 
measurements for dental practitioners [40]. 

Enhancing Patient Care and Practice Efficiency 

By leveraging dental laser detection technology, dental practices can improve their 
ability to detect early caries, enabling timely interventions and preventive measures. 
Moreover, the non-invasive nature of this technology enhances patient comfort and 
satisfaction, contributing to a positive overall experience [41]. 
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Figure 5: Advancing Early Detection with Dental Laser Technology 

8. CRISPR: Revolutionizing Dentistry Through Genome Editing 

CRISPR, hailed as a ground-breaking genome editing tool inspired by nature, has 
garnered significant attention from researchers for its vast potential. While its 
applications in combating cancer and controversial discussions regarding genetic 
modifications in humans are widely known, the dental field is also poised to benefit 
from this transformative technology [42]. 

Potential Applications in Dentistry 

The versatility of CRISPR offers promising possibilities for addressing oral health 
challenges. Chinese researchers are currently exploring its use to isolate and 
deactivate genes associated with oral cancer, paving the way for targeted treatments 
and prevention strategies [43]. Additionally, scientists are leveraging CRISPR to 
manipulate the function of bacteria responsible for plaque formation, which could 
potentially mitigate or even prevent dental caries and periodontal disease [44]. 

Future Prospects and Cautionary Notes 

While the potential of CRISPR in dentistry is vast, it's essential to maintain a balanced 
perspective. While CRISPR holds promise for advancing oral health, it's crucial to 
emphasize the importance of conventional oral hygiene practices like brushing and 
flossing. CRISPR should be viewed as a complementary tool rather than a 
replacement for established preventive measures [45,46]. 

 

Figure 6: CRISPR: Revolutionizing Dentistry Through Genome Editing 
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9. Blockchain: Transforming Dental Records and Disaster Victim Identification 

Blockchain technology, popularized by the advent of Bitcoin, has evolved beyond 
cryptocurrency applications to revolutionize healthcare data management. In dentistry, 
blockchain ensures secure storage and sharing of patient records, empowering 
individuals with control over their medical information. Moreover, blockchain aids 
Disaster Victim Identification (DVI) efforts by facilitating the secure and accessible 
storage of dental records, expediting victim identification processes in mass disasters 
[47]. 

Non-Fungible Tokens (NFTs): Innovating Data Ownership and Healthcare 
Transactions 

NFTs, unique digital markers stored on a blockchain, hold promise in various 
healthcare applications. They can revolutionize data ownership, clinical trials, 
credential verification, and organ tracking. However, concerns regarding privacy, 
security, and regulatory compliance must be addressed to harness their full potential 
in sensitive healthcare contexts [48]. 

Cryptocurrencies: Facilitating Borderless Healthcare Transactions 

Cryptocurrencies have the potential to streamline borderless telemedicine payments, 
secure patient data sharing, and enhance patient identification verification. However, 
strict adherence to data protection laws and cybersecurity measures is essential to 
safeguard sensitive health information and ensure the integrity of healthcare 
transactions [49,50]. 

The Metaverse: Bridging Healthcare Gaps and Revolutionizing Dental Care 

The metaverse offers transformative possibilities in healthcare accessibility and 
patient care. Virtual health clinics and telemedicine platforms can bridge healthcare 
gaps in underserved regions, providing remote populations with access to medical 
professionals and wellness programs. In dentistry, the metaverse promises real-time, 
immersive dental procedures and diagnostics, revolutionizing patient care and 
procedural precision [51]. 

 

Figure 7: Blockchain: Transforming Dental Records and Disaster Victim 
Identification 
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Table 1: Technology Overview and Potential Impact in Dentistry 

Technology Description Potential Impact in Dentistry 

Artificial 
Intelligence (AI) 

AI systems are revolutionizing 
diagnosis, treatment planning, and 
decision-making in dentistry. 

- Improved accuracy in diagnosis and 
treatment planning. Streamlined 
workflows and better patient 
outcomes. 

Metaverse Virtual reality environments 
facilitating immersive dental 
education, training, and 
consultations. 

- Enhanced dental education and 
training experiences. 
-Access to remote consultations and 
treatment planning. 

Augmented 
Reality (AR) 

Overlays digital information onto the 
real-world dental environment, 
aiding in diagnostics and treatment. 

- Enhanced visualization for 
diagnostics and treatment planning. 
Improved patient understanding and 
engagement. 

Virtual Reality 
(VR) 

Fully immersive digital environments 
providing realistic simulations for 
dental education and training. 

- Realistic simulation of dental 
procedures for training. 
-Reduced training costs and improved 
learning outcomes. 

Teledentistry Remote delivery of dental care 
services, consultations, and 
education through 
telecommunications technology. 

- Improved access to dental care, 
especially in underserved areas 
- Remote consultations and treatment 
planning. 

Computer-
assisted 
Design (CAD) & 
3D Printing 

Utilization of CAD software and 3D 
printers to design and fabricate 
dental prosthetics and appliances. 

- Customized dental prosthetics for 
better fit and aesthetics 
-Faster turnaround times and reduced 
costs. 

Blockchain Decentralized and secure digital 
ledger technology for storing and 
sharing dental health records. 

- Enhanced data security and patient 
privacy. 
 - Streamlined sharing of medical 
records and improved patient care. 

CRISPR Genome editing technology with 
potential applications in oral cancer 
treatment and prevention. 

- Precision treatment of oral diseases, 
including oral cancer 
- Potential for personalized dental 
therapies 

 
METHODOLOGY 

The PICOS inclusion criteria outlined in the review methodology were used to identify 
studies. To find possibly suitable research, two reviewers looked at the titles and 
abstracts. Any questions were addressed with a third reviewer. 

●  Primary outcomes measured were cephalometric anatomical landmarks. 

●  The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) for performing a meta-analysis were used. 

● The electronic data resources used for the comprehensive search were Cochrane 
Central Register of Controlled Trials (CENTRAL), MEDLINE, CINAHL, EMBASE, 
PsycINFO, Scopus, ERIC, and ScienceDirect, with controlled vocabulary and free 
text keywords (Table 1) 

●  Articles published between January 1, 2000 and December 2023 were searched 
without regard to language. 

●  The following keywords and MeSH phrases were used in conjunction with Boolean 
operators in the advanced search feature.  
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Two reviewers individually collected information from the studies included. Disputes 
were once again settled through discussion. gathering was conducted utilizing a 
verified list of objects evaluated for data extraction. The main components on this list 
were as follows: 

1. Authors, Year and Title of the study 

2. Country 

3. AI  

4. Metaverse 

5. AR and VR 

6. Teledentistry 

7. CAD & 3D Printing 

8. Blockchain  

9. CRISPR Innovations 

Information about the publication and the study, participants' statistics, study settings, 
measures, comparators, measures of outcomes, study design, statistical analysis, 
results, and all other pertinent information (including funding sources and conflicts of 
interest) were thoroughly extracted from every study that was included. Data extraction 
was carried out and thoroughly recorded in distinct Excel files for each key result 

Inclusion Criteria: 

1. Articles published in peer-reviewed journals. 

2. Articles written in English. 

3. Articles published within the last 10 years to ensure relevance and currency of 
information. 

4. Articles focusing on the integration of at least one of the specified technologies (AI, 
Metaverse, AR/VR, Teledentistry, CAD & 3D Printing, Blockchain, CRISPR) in the 
field of dental care. 

Search Strategy: 

1. Utilize advanced search features of databases to refine search queries and narrow 
down results. 

2. Combine keywords using Boolean operators (AND, OR) to ensure comprehensive 
coverage. 

3. Modify search strategies iteratively based on initial search results and feedback. 

Data Extraction and Analysis: 

1. Extract relevant data from selected articles, including study objectives, 
methodologies, key findings, and conclusions. 

2. Categorize articles based on the technology components they focus on (e.g., AI, 
Metaverse, AR/VR, Teledentistry, CAD & 3D Printing, Blockchain, CRISPR). 

3. Analyze extracted data to identify trends, challenges, opportunities, and potential 
future directions in the integration of emerging technologies in dental care. 
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RESULTS 

The initial electronic database search of PubMed/MEDLINE, Cochrane library, and 
DOAJ produced 137 titles, 79 of which were identified as duplicates. After assessing 
the abstracts, two independent reviewers selected 58 suitable titles. After careful 
consideration and debate, the reviewers selected 21 papers for full-text examination. 
There were no more articles found after manually examining the reference lists of the 
selected research. After pre-screening, application of the inclusion and exclusion 
criteria, and processing of the PICO questions, 12 articles were selected for the 
qualitative synthesis and two for quantitative evaluation. 
 
DISCUSSION 

AI is not just a tool but a transformative force in dentistry. From early detection of 
dental caries and gum disease to optimizing orthodontic and prosthodontic treatments, 
AI is enhancing every aspect of dental care. By integrating AI technologies, dental 
professionals can provide more accurate diagnoses, develop better treatment plans, 
and ultimately improve patient outcomes. 

Augmented Reality is proving to be a valuable tool in both the educational and clinical 
realms of dentistry [1-5]. By offering real-time feedback and visualizations, AR 
enhances the training of dental students and improves patient outcomes in 
reconstructive and aesthetic procedures. As this technology continues to evolve, its 
applications in dentistry are likely to expand, further transforming the field [7-11]. 

Teledentistry is revolutionizing access to dental care, particularly for underserved 
populations. By providing remote consultations and focusing on preventive practices, 
teledentistry reduces costs and improves accessibility. As companies like The 
Teledenists and MouthWatch continue to innovate and the ADA supports 
standardization, teledentistry is poised to become a general practice, transforming the 
way dental care is delivered and accessed [20-26] . 

Virtual Reality is a powerful tool in both the education and clinical practice of dentistry. 
By providing immersive, hands-on learning experiences, VR helps train future dentists 
more effectively. For patients, it offers a way to mitigate anxiety and improve the overall 
experience of dental treatments. As VR technology continues to advance, its 
applications in dentistry are expected to expand, further enhancing both educational 
and patient care outcomes [15-19]. 

Computer-assisted design and 3D printing are revolutionizing dentistry by creating 
more efficient and cost-effective workflows. By enabling the rapid production of precise 
dental components directly in the office or lab, these technologies are not only 
improving patient experiences but also allowing dental practices to grow by eliminating 
traditional bottlenecks. As 3D printing continues to evolve, its impact on dentistry will 
likely expand, further enhancing the capabilities and efficiency of dental care [27-32]. 

Intra-oral cameras are revolutionizing dental examinations by providing enhanced 
visibility and comfort. This technology enables more accurate diagnoses and effective 
treatment planning, while also improving patient communication and engagement. As 
intra-oral cameras become more widely adopted, they will continue to play a crucial 
role in advancing dental care and patient experience [33-37]. 

Dental laser detection technology represents a significant advancement in early caries 
detection, offering a highly accurate and patient-friendly alternative to traditional 
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methods. By embracing this innovative technology, dental practices can enhance 
patient care, improve diagnostic capabilities, and foster a more data-driven approach 
to oral health management [38-42] . 

CRISPR stands at the forefront of dental innovation, offering new avenues for 
addressing oral health challenges. From targeted cancer treatments to combating 
dental diseases at the genetic level, the potential applications of CRISPR in dentistry 
are vast and exciting. However, it's imperative to proceed with caution and continue 
promoting traditional oral hygiene practices alongside technological advancements 
[42-46]. 

The fusion of blockchain technology and the metaverse with dentistry and healthcare 
represents a paradigm shift in how we handle patient data, deliver healthcare services, 
and promote overall well-being. While challenges related to data privacy, security, and 
regulatory compliance persist, collaboration among dental professionals, 
technologists, policymakers, and patients is essential to harnessing the full potential 
of these transformative technologies. Together, we can pave the way for a brighter, 
more connected, and patient-centric future for dentistry and healthcare [47-51]. 
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