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Abstract 

Dentistry is undergoing a transformative shift through the 

integration of digital technologies, redefining oral 

healthcare delivery and accessibility. Innovations such as 

tele dentistry, artificial intelligence (AI), digital imaging, 

and electronic health records (EHRs) are addressing 

disparities, enhancing preventive care, and improving 

patient engagement. 

Tele dentistry facilitates remote consultations, extending 

access to underserved populations, while AI-driven tools 

enable early detection and personalized treatment 

planning. The integration of data analytics and digital 

platforms optimizes resource allocation and streamlines 

oral health programs. This paper explores the 

transformative potential of digital innovations in 

reshaping public oral healthcare systems, emphasizing 

opportunities and challenges in building a more inclusive 

and efficient framework. 

While digital technologies provide significant benefits, 

including improved accuracy, efficiency, and patient 

outcomes, considerations such as cost, training, and data 

security must be addressed. With ongoing advancements, 

the future of dentistry promises further innovations and 

enhanced patient care, paving the way for a more 

accessible and equitable oral health landscape. 

Keywords: APIs (Application Programming Interfaces) 

Interoperability    DCIOM (Digital Imaging and 

Communications in Medicine) EHR (Electronic Health 

Records) FHIR (Fast Healthcare Inoperability resources)  

Introduction 

In recent times, data has become a cornerstone of 

exchange across various sectors. Concepts such as "big 

data," "machine learning," "deep learning," and "artificial 

intelligence" have converged to create powerful tools for 

data analysis. These technologies are being employed in 

diverse fields, including astronomy, retail, automotive 

industries, web search engines, and even politics 

(Murdoch and Detsky, 2013). 

In the healthcare sector, the potential for big data is 

immense, with estimates predicting the generation of 

zettabytes and yottabytes of data (Glick, 2015). To 

leverage such vast amounts of information, data must 

first be organized and structured to ensure it is accessible, 

analyzable, and reusable (Obermeyer and Emanuel, 

2016). This requires data to be formatted in a way that is 

understandable to both humans and computers. 

However, a significant challenge lies in the 

fragmentation of healthcare data, often hidden in isolated 

silos and incompatible systems, which limits its usability 

(Lehne et al., 2019). To overcome these barriers and 
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enhance healthcare quality, accessibility, safety, 

affordability, and equity, both medical and dental sectors 

are increasingly adopting advanced information 

technologies. 

Electronic Health Records (EHR) in Dentistry 

The adoption of Electronic Health Records (EHR) has 

been transformative in healthcare but presents challenges 

such as text-free data entry, which can lead to 

inconsistencies and reduce data usability. Dentistry, in 

particular, has lagged behind in adopting information 

technology systems, making the implementation of 

electronic dental records (EDRs) a critical starting point. 

EDRs enable the efficient recording, storage, and 

exchange of healthcare standards (Joda et al., 2019). 

In the United States, the push toward interoperability-

enabled EHR systems has advanced significantly, 

promoting seamless information exchange. Meanwhile, 

Europe follows the FAIR principles (Findable, 

Accessible, Interoperable, Reusable) through initiatives 

like the European Open Science Cloud, which provides 

resources to support these standards. 

The field of dental informatics is rapidly growing, with 

many dental schools integrating EHRs and other digital 

systems into their curricula. A Harvard University 

exploratory study surveyed physicians and dentists across 

four academic medical centers to evaluate EHR usage. 

Among 118 respondents, 63.9% were dentists, and 66.3% 

rated EHRs highly (8 on a 10-point Likert scale), with 

dentists scoring higher than physicians. Furthermore, 

68.5% of providers believed that EHR usage could 

significantly enhance patient care. Both groups 

emphasized the importance of oral-systemic health and 

agreed that interoperable EHRs could facilitate 

information transfer and advance research on oral-

systemic connections. 

 

 

In the United States, EHR adoption has become 

widespread, with 86% of physicians using EHRs and 

80% maintaining certified systems by 2017, as reported 

by the Office of the National Coordinator for Health 

Information Technology. Germany has also made 

significant strides, introducing a personal electronic 

health card in 2004, followed by an E-Health law in 2015 

that incentivized EHR adoption. 

A separate survey conducted across Germany, Harvard 

School of Dental Medicine, the University of Pittsburgh 

(Pitt), and the University of California, San Francisco 

(UCSF) highlighted EHR adoption trends. Among the 

508 respondents, the response rate was 23.2%, with the 

majority of dentists specializing in prosthodontics 

(63.9%). Dentists showed greater interest in EHR 

utilization than physicians, with the highest response rate 

observed at UCSF. These findings underscore the 

growing enthusiasm among dental professionals for 

incorporating EHRs to enhance healthcare delivery and 

research. 
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Limitations of EHR 

1. Inability to Communicate the Information Process 

EHR systems often struggle to facilitate seamless 

communication of information, leading to 

inefficiencies in data sharing and processing. 

2. Inconsistencies in Data 

Errors in data collection can result in significant 

inconsistencies. For example, the DMF index 

recorded in Finland showed considerable variation 

due to data inaccuracies. Similarly, in cases 

involving dental caries in children and Apgar scores, 

missing variables for certain individuals created 

obstacles during statistical analysis, complicating the 

interpretation and reliability of the data (Song et al., 

2013). 

Medical and Dental EHR Integration and Its Impact 

on Diabetes Care 

Oral health is often overlooked in primary care settings 

during general health checkups, leading to missed 

diagnoses and treatment opportunities. Marshfield Clinic 

Health System (MCHS), established in 1916, is one of 

the largest integrated health systems in the United States. 

By integrating medical and dental EHRs, MCHS 

improved diabetes care and outcomes. 

Data from 2018-2019 revealed that 18% of MCHS 

medical and dental patients were diagnosed with 

diabetes. However, 7% of these patients visited only 

medical settings, neglecting dental care. To address this, 

the Clinical Decision Support Alert Tool (CDSAT) was 

introduced to identify and manage diabetes cases. 

CDSAT triggered alerts in the EHRs of 7,723 patients, 

prompting action. 

As a result, primary care physicians conducted oral 

health examinations for 64% of the diabetic patients, 

referred 170 patients to dentists, and advised 626 to seek 

dental care. These tools also demonstrated potential in 

predicting diabetes and its associated risks, particularly in 

rural areas of Wisconsin and Michigan. This facilitated 

timely prevention and management interventions, 

highlighting the value of integrated medical and dental 

EHR systems in improving overall health outcomes. 

What is Interoperability? 

Interoperability refers to the ability of different systems 

to exchange and utilize data seamlessly (Geraci, 1991). It 

is also defined as the health information technology that 

enables secure exchange of electronic health information 

without requiring special effort from users. This allows 

complete access, exchange, and use of all electronically 

accessible health information, as governed by applicable 

state or federal laws (Section 4003 of the 21st Century 

Cures Act). 

Types of Interoperability 

1. Technical Interoperability 

This forms the foundation for information exchange, 

enabling data to move from one system (System A) to 

another (System B) regardless of distance or domain. 

Effective healthcare data exchange requires a 

combination of technical, semantic, and syntactic 

interoperability. 

2. Syntactic Interoperability 

This focuses on the format and structure of data. 

Standards such as FHIR (Fast Healthcare Interoperability 

Resources) are widely adopted for healthcare data 

communication. 

3. Semantic Interoperability 

This type addresses the meaning of data, ensuring 

accurate interpretation by humans and computers. It 

involves medical terminologies and standards such as 

FHIR, open EHR, and SNOMED CT (Systematized 

Nomenclature of Medicine—Clinical Terms), which 

includes around 340,000 concepts. Other examples 

include Identifiers of Medicinal Products (for medicine), 
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the HUGO Gene Nomenclature Committee (for genes), 

and the Human Phenotype Ontology (for phenotypic 

ontologies). 

4. Organizational Interoperability 

Considered the highest level of interoperability, this type 

focuses on organizational processes, legislations, and 

policies to ensure seamless collaboration between 

institutions. 

 

Factors Impacting Interoperability 

1. Data Gathering 

Effective data collection remains a significant challenge 

for interoperability. Issues like information blocking have 

been highlighted by researchers, including Julia Adler-

Milstein, PhD, and Eric Pfeifer, with approximately 50% 

of respondents acknowledging its presence. Addressing 

this issue could significantly enhance the quality and 

efficiency of healthcare delivery. 

2. Standard Protocols 

Implementing standard protocols for communication 

among all stakeholders can enhance interoperability. 

Infrastructure improvements and adherence to common 

policies for APIs (Application Programming Interfaces) 

and standards like FHIR (Fast Healthcare Interoperability 

Resources) play a vital role in streamlining processes. 

3. Technical Challenges 

Complexities in integrating and maintaining different 

systems pose significant hurdles for achieving seamless 

data exchange. 

4. Economic and Financial Disincentives 

The costs associated with implementing and maintaining 

interoperable systems can deter adoption, particularly for 

smaller organizations. 

 

Benefits of Interoperability 

1. Cost Efficiency Through HER 

Current EHR systems often operate in silos, resulting in 

inefficiencies such as manual data entry and transfer, 

which waste an estimated $36 billion in time. 

Interoperable systems reduce these inefficiencies and 

offer significant financial benefits to users. 

2. Simplified Data Exchange 

Interoperable EHR systems alleviate clinicians' concerns 

about excessive time spent on data entry. They enable 

seamless data sharing, which supports research into rare 

diseases, precision medicine, and drug development. 

Frameworks like Integrating the Healthcare Enterprise 

(IHE) ensure secure data transfer while meeting 

international standards. 

3. Advancing Dental Research 

Innovations like digital radiographs, CAD/CAM, 3D 

printing, and milling generate large volumes of data that 

can enhance dental research. Emerging technologies, 

such as IoT-enabled devices like saliva-analyzing 

mouthguards and smart toothbrushes, provide valuable 
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real-world data to address epidemiological and public 

health challenges. 

4. Error Reduction and Efficiency Gains 

Interoperable systems reduce errors and enhance the 

efficiency of healthcare delivery processes. 

5. Accurate Reporting 

Improved data accuracy ensures reliable reporting, aiding 

in better decision-making and care quality. 

6. Enhanced Patient Records Access 

Interoperability facilitates streamlined access to 

comprehensive patient records, improving continuity of 

care. 

7. Improved Patient Safety 

Enhanced data sharing reduces risks, promotes timely 

interventions, and ensures safer patient outcomes. 

 

Digital Transformation in Dentistry 

The rapid evolution of digital technology has profoundly 

impacted dentistry, revolutionizing dental education, 

clinical practices, business management, and 

communication. These advancements have enabled early 

diagnosis, enhanced treatment outcomes, and improved 

patient care. Digital transformation in dentistry spans 

four key dimensions: patient-centric platforms, evolving 

IT and digital skills, data governance, and the adoption of 

technology within dental settings. By focusing on patient 

experience, embracing innovative IT solutions, ensuring 

robust data management, and integrating technology into 

daily practice, dentistry has entered a new era of 

efficiency and precision. 

 

Mobile applications have become a powerful tool for oral 

health promotion and education, offering interactive and 

engaging content to empower patients. Apps like the 

Feno App, along with AI-powered Feno toothbrushes, 

analyze oral health issues and provide users with 

valuable insights into their oral cavity, aiding in 

diagnosis and treatment planning. Similarly, platforms 

like “mHealth” enhance patient education about oral 

diseases and improve adherence to treatment protocols. 

Specialized applications such as the “Paro-Com Pas” app 

support individuals with periodontitis by guiding them 

through their treatment journey, thereby improving their 

quality of life. Digital companions like “mySugar” offer 

continuous therapy support, encouraging better 

compliance with treatment plans. Additionally, smart 

tools like AI-enabled toothbrushes and telematics-

integrated platforms promote self-care practices and 

foster greater patient engagement. Furthermore, robotic 

systems powered by artificial intelligence are 

transforming dentistry by improving precision in 

procedures such as implant placements and root canal 

treatments. Automation of repetitive tasks like polishing, 

when assisted by robots, reduces human fatigue, 

enhancing efficiency and outcomes in dental care. 
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Measurement of digital adoption is critical in dentistry, 

with tools like the Dental Data Synthetic Index (DDSI) 

providing insights into digital progress within 

organizations. Standards like DICOM are increasingly 

implemented to enable the electronic sharing of 

diagnostic images such as radiographs. The rise of 

technologies like artificial intelligence, machine learning, 

and block chain provides new possibilities for improved 

diagnostics, personalized care, and patient-centered 

services in dentistry. 

Artificial intelligence (AI) and machine learning (ML) 

have the potential to revolutionize disease surveillance 

and public health interventions by leveraging large 

datasets from diverse sources such as electronic health 

records (EHRs), social media platforms, and 

demographic data. In public health dentistry, these 

technologies can enable the implementation of targeted 

preventive measures, optimize resource allocation, and 

aid in designing effective oral health programs. By 

identifying trends and patterns in data, AI and ML can 

support proactive decision-making, enhancing the overall 

impact of public health initiatives and improving oral 

health outcomes at the community level. 

 

Future Perspectives 

Digital transformation is revolutionizing oral healthcare 

by enhancing patient engagement, streamlining practice 

management, and improving health outcomes. Artificial 

intelligence (AI) holds immense promise in dentistry, 

offering transformative capabilities in diagnosis, 

treatment planning, and patient care. A key advancement 

is personalized dentistry, where AI analyzes patient data, 

including genomics and microbiomes, to create tailored 

hygiene routines and dietary recommendations, fostering 

better oral health. AI-powered systems can also monitor 

behaviors like teeth grinding or poor brushing 

techniques, providing real-time feedback to encourage 

healthier habits. Emerging technologies like Virtual 

Reality (VR) and Augmented Reality (AR), when 

integrated with AI, are creating groundbreaking 

opportunities in training and clinical applications. VR 

enables dental professionals to practice procedures such 

as cavity fillings, root canals, and implant placements in 

risk-free virtual environments, while AR overlays 3D 

anatomical projections to enhance understanding of 

complex structures. AI-enhanced VR systems evaluate 

trainee performance by analyzing precision, speed, and 

technique, ensuring effective skill development. 

Additionally, VR-based distraction therapy can reduce 

patient anxiety during treatments, and AI-driven VR 

simulations train dental staff in new technologies, patient 

management, and emergency handling. Together, AI, 

VR, and AR are paving the way for a more precise, 

immersive, and patient-centered approach to oral 

healthcare, transforming both education and clinical 

practice. 

Conclusion 

Transforming dentistry requires a comprehensive 

approach that integrates technology, community 

engagement, education, and policy reforms to enhance 
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access, equity, and outcomes in oral healthcare. 

Advanced technologies such as artificial intelligence 

(AI), virtual reality (VR), augmented reality (AR), and 

data-driven tools hold the potential to revolutionize 

diagnosis, treatment planning, and patient education by 

enabling proactive and personalized care. 

Expanding preventive initiatives, improving oral health 

literacy, and addressing social determinants of health are 

essential steps to bridge disparities, particularly in 

underserved communities. Furthermore, the integration 

of medical and dental electronic health records (EHRs) 

through interoperable systems and AI-powered analytics 

can redefine healthcare delivery. This integration 

promotes holistic care, drives impactful research, and 

facilitates data-driven insights to improve patient 

outcomes. 

However, realizing the full potential of these 

advancements requires addressing key challenges such as 

establishing interoperability standards, ensuring robust 

privacy protections, and fostering system adaptability and 

adoption. By overcoming these barriers, dentistry can 

advance toward a future of equitable and innovative oral 

healthcare. 
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