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. November 10, 2025 reshaping the field by improving clinical efficiency, diagnostic
accuracy, and patient outcomes. This narrative review aims to
synthesize current evidence on the integration of
technologies such as CAD/CAM, 3D printing, CBCT
imaging, and intraoral scanning within dental practice. A
comprehensive literature search was conducted across
PubMed, Scopus, and Google Scholar for studies published
between 2018 and 2025. The inclusion criteria prioritized peer
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Gigi. 1(1), 29-37. care. The findings reveal that digital technologies significantly
enhance the precision of dental restorations, reduce
treatment time, and increase patient satisfaction. CBCT and
3D imaging improve diagnostic capabilities, particulatly in
implantology and orthodontics. Preventive interventions
especially school based education, fluoride applications, and
behavioral strategies demonstrate strong potential in reducing
caries prevalence among children. However, systemic
challenges persist, including high implementation costs,
infrastructural barriers, and disparities in care access. Policy
recommendations include expanding broadband
infrastructure, promoting value based care models, and
strengthening digital literacy among providers and patients.
These steps are crucial to bridging the digital divide and
ensuring equitable distribution of dental innovations. In
conclusion, integrating technological advancements with
inclusive health policies and community engagement offers a
sustainable pathway toward improved global oral health.
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INTRODUCTION

Recent years have witnessed a profound transformation in dental practice, largely driven by
technological advancements that have reshaped both the delivery of care and the experiences of
patients. As dentistry transitions into a more digitally enhanced discipline, tools such as computer
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aided design and manufacturing (CAD/CAM), digital radiography, and artificial intelligence (AI) are
increasingly integrated into routine clinical workflows. These tools not only support more accurate
diagnostics but also contribute to personalized treatment plans and improved operational efficiencies
(AbuSalim et al., 2022; Darwich et al., 2024; Harte et al., 2025; Joda et al., 2020). Notably, CAD/CAM
systems have revolutionized prosthetic dentistry by enabling more precise and time efficient
fabrication of restorations, reducing the number of patient visits required and enhancing clinical
outcomes (Darwich et al., 2024; Joda et al., 2020). Simultaneously, the deployment of Al powered
tools is optimizing diagnostic processes and administrative management, thereby elevating the
standard of care.

Digital dentistry is not merely a trend limited to technologically advanced nations. Its influence extends
globally, offering distinct advantages in both developed and developing contexts. In higher income
countries, digital platforms have facilitated greater precision in treatment planning, minimized human
error, and enhanced the efficiency of procedures. Technologies such as cone beam computed
tomography (CBCT) are now standard in many practices, providing comprehensive visualizations that
support accurate diagnoses and interventions (Elkersh et al., 2023). Moreover, digital tools have
improved communication between practitioners and patients, allowing for more interactive and
informed decision making (Reynolds et al., 2021). Conversely, in resource limited settings, although
access to such technologies may be constrained, efforts are underway to implement digital solutions
in ways that adapt to local needs and capacities (Alsanea et al., 2022; Hegde et al., 2024).

Evidence suggests that these advancements contribute to better patient outcomes and system
efficiencies. In developed regions, patients benefit from accelerated turnaround times and minimally
invasive treatment options, which improve satisfaction and compliance (AbuSalim et al., 2022;
Darwich et al., 2024). In developing nations, innovative approaches are increasingly used to address
endemic dental issues, contributing to public health improvements (Alsanea et al., 2022; Hegde et al.,
2024) The global shift toward a digitized dental practice reflects broader trends in healthcare, where
integration of technological tools is becoming critical to advancing universal health coverage and
improving population health outcomes (Lin et al., 2025; Poon et al., 2023).

However, despite these promising developments, dental professionals encounter significant challenges
in adopting and fully implementing modern treatment protocols. One key concern is the slow
integration of value based care models, which emphasize quality and efficiency but lack widespread
institutional support in dental settings. Unlike medicine, dentistry has not yet established universal
frameworks or accreditation systems such as the Patient Centered Dental Home (PCDH), limiting the
application of evidence based quality improvements (Reynolds et al., 2021). Additionally, transitioning
to digital tools necessitates substantial investment, both financially and in terms of training.
Practitioners in low resource environments are especially burdened by the costs and complexities of
adopting new systems (Alsanea et al., 2022; Joda et al., 2020).

Another central challenge is the inequality in access to dental care. Numerous studies have
documented disparities in oral health services, which are often influenced by geographic, socio
economic, and demographic factors. These disparities are especially pronounced in rural and
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marginalized communities, where infrastructure limitations and lack of trained personnel hinder the
delivery of adequate care (Chaffee et al., 2022; Price et al., 2025). Moreover, while the integration of
oral health into broader healthcare policies is often discussed, its actual implementation remains
sporadic and insufficiently supported by empirical research (Ofir, 2023). This lack of comprehensive
policy alignment limits the effectiveness of preventive measures and reduces the ability to address the
social determinants of oral health.

Even in technologically advanced countries, significant gaps persist. Access to state of the art dental
treatments is often concentrated in urban areas, leaving rural populations underserved. Insurance
coverage and professional shortages further exacerbate these inequities (Boer et al., 2020). In
developing regions, the absence of infrastructure, lack of continuing education, and limited availability
of materials restrict the scope and quality of dental services. While global health initiatives aim to close
these gaps, the pace of progress remains uneven.

These limitations underscore the need for critical reflection and strategic intervention in the field of
dental care. Although innovations abound, their adoption and benefits are not equitably distributed.
Literature reviews have highlighted the urgent necessity for inclusive models that promote access to
care and align new technologies with population needs. Yet, there remains a paucity of robust studies
that holistically examine how to integrate advanced dental technologies within diverse healthcare

contexts.

The present narrative review aims to synthesize current evidence on the transformation of dental
practice through technological innovations. Specifically, it focuses on analyzing the clinical
effectiveness, implementation challenges, and policy implications of digital tools such as Al
diagnostics, CAD/CAM systems, and CBCT imaging. Furthermore, it considers how value based cate
models might enhance patient centered outcomes and bridge systemic disparities in care delivery
(Harte et al., 2025; Zaborowicz et al., 2025). By drawing upon multidisciplinary perspectives, this
review intends to contribute to the development of informed strategies that can guide practice
improvements and policy reforms.

The scope of this review encompasses studies from a range of geographical contexts, with a particular
emphasis on contrasting urban and rural settings, as well as high income and low to middle income
countries. The review includes literature addressing diverse population groups, including children,
individuals with disabilities, and marginalized communities. These groups often face unique barriers
to care and thus provide critical insights into how innovations may or may not improve dental health
equity (Erwin et al., 2021). Through this comparative lens, the review aims to generate nuanced
understandings of how technological advancements intersect with social, economic, and systemic
variables in shaping modern dental care.

In conclusion, while the digital transformation of dental practice offers considerable promise, it also
presents complex challenges that warrant careful examination. This review seeks to address these
complexities by synthesizing evidence across multiple domains and highlighting pathways toward
more equitable and effective dental health systems.
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METHOD

This study employed a narrative review approach to examine recent advancements and systemic
challenges in digital and preventive dentistry. A comprehensive literature search was conducted across
multiple academic databases, including PubMed, Scopus, and Google Scholar, focusing on studies
published between 2018 and 2025. The search strategy utilized a combination of predefined keywords

and Boolean operators to maximize the precision and scope of the literature retrieved. Keywords

nmn nmn nmn

included "digital dentistry," "preventive dentistry," "artificial intelligence," "oral health outcomes,"
"teledentistry," "CAD/CAM," and "diagnostic imaging," integrated with Boolean operators such as
AND, OR, and NOT to refine search queries. To ensure the selection of high quality sources,
additional filters were applied to target peer reviewed articles, systematic reviews, and meta analyses,

while excluding non-English publications and grey literature.

Selection criteria were established to include studies that either empirically or theoretically analyzed
the impact of digital tools and preventive methodologies on clinical practice and public health
outcomes. Emphasis was placed on literature that provided measurable results or substantial
theoretical frameworks concerning the efficacy of innovative dental technologies. Conversely, studies
were excluded if they lacked empirical evidence, were not peer reviewed, or focused on outdated
techniques irrelevant to current clinical applications.

A multi stage screening process was implemented to enhance reliability. Initial screening involved title
and abstract review, followed by full text evaluations to assess methodological rigor and thematic
relevance. Four independent reviewers conducted these evaluations to ensure consistency with the
inclusion criteria. Key themes were synthesized from the selected literature to identify recurring
patterns in how digital innovations and preventive strategies influence oral healthcare delivery. The
findings provide insights into the practical integration of modern technologies, disparities in access,
and potential directions for improving evidence based dental care practices.

RESULTS AND DISCUSSION
Digital Technologies in Dental Practice

The integration of digital technologies such as CAD/CAM and 3D printing has yielded robust
empirical evidence supporting improvements in clinical effectiveness. CAD/CAM systems notably
enhance the accuracy of dental restorations, streamline production timelines, and increase cost
efficiency. As highlighted in recent studies, CAD/CAM facilitates in office fabrication of prosthetics,
reducing treatment duration and augmenting patient convenience. Moreover, these systems
consistently deliver restorations with greater precision compared to conventional methods,
significantly reducing fit issues and the need for adjustments.

Complementing CAD/CAM, 3D printing enables highly personalized prosthodontic solutions.
Contemporary research emphasizes that 3D printed devices not only improve anatomical accuracy
but also result in fewer adjustments during clinical application. These innovations improve clinical

32 | IndoDent: Jurnal Kedokteran Gigi https://journal.idscipub.com/indodent


https://journal.idscipub.com/indodent

Integrating Technology and Policy for Inclusive Dental Practice Reform
Nusaly

outcomes and strengthen communication between dentists and patients, thereby enhancing treatment
acceptance and satisfaction. Additionally, intraoral scanners have revolutionized impression
techniques, replacing traditional molds with digital alternatives. Their usage has resulted in increased
patient comfort, immediate feedback, and improved model accuracy, ultimately reducing remakes and
improving prosthetic fitting.

Diagnostic Imaging Advancements

Cone Beam Computed Tomography (CBCT) offers clear advantages over traditional radiography by
providing 3D visualization, which is essential for diagnosing complex maxillofacial structures. Unlike
two dimensional radiographs that are often limited by structural superimposition, CBCT delivers
volumetric imaging, allowing for superior assessment of dental anomalies. This is particularly
beneficial in orthodontic and surgical contexts, including implantology, where spatial accuracy is
critical.

CBCT’s improved resolution and reduced distortion facilitate more reliable identification of root canal
anatomy, impacted teeth, and pathological lesions. Consequently, its clinical adoption correlates with
enhanced treatment planning and outcomes, especially in implant placement and orthognathic
procedures. 3D imaging technologies have also advanced orthodontic diagnostics and treatment
simulations, fostering better patient provider communication and treatment customization. These
benefits cumulatively result in more effective and personalized care.

Preventive Dentistry and Community Outreach

Effective strategies in school based and community programs have centered on structured education,
regular screenings, and inclusive community engagement. Incorporating oral hygiene modules into
school curricula and facilitating dental check-ups have significantly elevated awareness and practice
among children. In underserved areas, mobile dental units and partnerships with local organizations

have extended access to preventive care.

Behavioral interventions, such as motivational interviewing and family centered education, have
further supported these efforts. Fluoride applications especially varnishes remain foundational, with
consistent evidence demonstrating their ability to reduce caries incidence by up to 50% in pediatric
populations. When combined, educational and fluoride based strategies provide a synergistic effect
that strengthens caries prevention efforts among vulnerable groups.

Barriers and Disparities in Access

Several structural barriers limit the widespread adoption of dental innovations in resource constrained
settings. High procurement and maintenance costs for advanced tools like CAD/CAM, CBCT, and
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digital scanners often exceed the financial capabilities of clinics in low income areas. Additionally, the
lack of adequate infrastructure, including digital networks and reliable electricity, hinders technological
deployment.

Geographic and socioeconomic disparities further exacerbate access limitations. Rural populations
frequently lack proximity to dental specialists and may face long wait times or travel burdens.
Socioeconomic status influences affordability and insurance coverage, leading to reduced utilization
of preventive and specialized care. Addressing these disparities requires policy frameworks that
facilitate equitable distribution of resources and promote capacity building in underserved regions.

The current body of literature on dental innovations demonstrates both continuity and evolution in
relation to prior systematic reviews. Innovations such as CAD/CAM systems, 3D printing, and the
incorporation of artificial intelligence have moved beyond theoretical discussion and are increasingly
implemented in clinical settings. Earlier reviews suggested the promise of these technologies; however,
contemporary research substantiates these claims with measurable improvements in clinical efficiency,
patient satisfaction, and treatment outcomes. For example, recent findings confirm that CAD/CAM
technologies reduce chair time and enhance restoration precision, aligning with prior theoretical
projections while providing new empirical evidence to support their widespread adoption.

Similarly, technologies like teledentistry and mobile health applications, once viewed as futuristic
solutions, are now being actively deployed and evaluated for their role in expanding access to care.
These innovations have proven particularly beneficial for underserved populations by facilitating
remote consultations and continuity of care. The literature now emphasizes their practical benefits,
shifting the discourse from speculative promise to operational impact.

Nevertheless, long standing barriers persist, particularly in low resource settings. Economic
constraints, infrastructural limitations, and insufficient workforce training continue to hinder the
integration of advanced technologies. These challenges mirror those outlined in eatlier studies,
underscoring the need for targeted strategies to promote equitable technology dissemination. Despite
technological advances, geographic and socioeconomic disparities in access to dental care remain
stark, suggesting that innovation alone cannot resolve systemic inequities without structural reforms.

To address these issues, health policy frameworks such as value based care models offer a promising
avenue. By tying reimbursement to care quality and patient outcomes, these models incentivize the
adoption of innovative technologies that enhance service delivery. Furthermore, incorporating oral
health into broader public health initiatives may support more integrated and cohesive care models,
particulatly in addressing the social determinants of oral health.

Addressing the digital divide in teledentistry also requires multifaceted interventions. Enhancing
broadband access in rural areas is essential for enabling remote services, while tailored training
programs can elevate digital literacy among both providers and patients. These educational initiatives
not only facilitate adoption but also improve the quality of interactions and service utilization.
Additionally, community engagement strategies can foster awareness and trust, ensuring that
populations unfamiliar with or hesitant about teledentistry are not excluded from its benefits.
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Supportive policy interventions remain critical to sustaining these efforts. These may include financial
incentives for technology adoption, expanded insurance coverage for teledentistry services, and the
development of regulatory frameworks that accommodate new digital modalities within dental care.
Together, these approaches reflect a necessary shift toward inclusive innovation one that ensures that
the benefits of digital transformation in dentistry are equitably distributed and grounded in patient
centered care models.

In sum, while the field of dental innovation is advancing rapidly, the full realization of its potential
hinges on the parallel evolution of supportive infrastructure, policy, and education. Bridging the gap
between innovation and implementation will be key to ensuring that digital dentistry contributes
meaningfully to improved health outcomes across diverse populations.

CONCLUSION

This review highlights the transformative impact of digital innovations on contemporary dental
practices, particularly in enhancing clinical effectiveness, operational efficiency, and patient centered
care. Technologies such as CAD/CAM, 3D printing, CBCT, and intraoral scanners have
demonstrated measurable improvements in diagnosis accuracy, treatment planning, and patient
satisfaction. Preventive strategies supported by community outreach and school based programs,
combined with fluoride treatments and behavioral interventions, show promising results in reducing
caries prevalence among children.

Despite these advancements, systemic challenges continue to hinder equitable access and adoption.
Key barriers include financial constraints, infrastructural limitations, and disparities in provider
training and geographic availability. These structural issues demand comprehensive policy responses.
Implementing value based care models, improving broadband infrastructure, and supporting digital
literacy among both providers and patients are essential steps toward inclusive dental care reform.

Future research should explore longitudinal outcomes of digital tool integration across diverse
populations and settings. Additionally, studies focusing on cost effectiveness, scalability, and user
engagement can bridge current gaps in the literature. Ultimately, ensuring that these technologies
benefit underserved communities requires a coordinated effort involving technology, policy, and
public engagement. As digital dentistry continues to evolve, its alignment with equity driven strategies

will be critical to transforming oral health systems sustainably and inclusively.
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