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ABSTRACT
Digital radiography has revolutionized the field of restorative dentistry, offering numerous benefits over
conventional film-based radiography, such as reduced radiation exposure, faster image acquisition, and
enhanced diagnostic capabilities. Recent advancements in digital radiography technologies have significantly
improved the accuracy, precision, and overall efficiency of restorative dental procedures. This review paper
explores the various advancements in digital radiography, including the integration of three-dimensional (3D)
imaging modalities like cone-beam computed tomography (CBCT), improvements in image resolution, and the
application of artificial intelligence (AI) for image interpretation. It also examines the impact of these
advancements on diagnostic accuracy, patient safety, and treatment outcomes in restorative dentistry. By
evaluating current trends and emerging technologies, this paper aims to provide a comprehensive overview of
the role digital radiography plays in modern restorative dental practices.
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This review was conducted through an examination of peer-
reviewed articles, clinical studies, and publications from dental
journals published between 2000 and 2024. Relevant articles
were selected based on their focus on advancements in digital
radiography and its application in restorative dentistry. The
sources were identified through electronic databases such as
PubMed, Scopus, and Google Scholar, using key search terms
including "digital radiography," "restorative dentistry," "cone-
beam computed tomography," "artificial intelligence in dental
imaging," and "radiographic technology in dentistry." The review
synthesizes findings from these sources into categories:
advancements in image resolution, integration of three-
dimensional imaging modalities, and the role of AI in digital
radiography.
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Restorative dentistry, which involves the diagnosis, treatment,
and rehabilitation of teeth damaged by decay, trauma, or other
factors, relies heavily on radiographic imaging to inform
treatment decisions. Radiographs provide critical insights into
the condition of teeth and surrounding structures, allowing
clinicians to diagnose dental issues, plan treatments, and
monitor post-operative progress. For decades, film-based
radiographs were the standard in dental practice, but over the
past two decades, digital radiography has emerged as a
transformative technology in the field of restorative dentistry.
Digital radiography offers several advantages over traditional
film-based imaging, including faster image acquisition, superior
image quality, and reduced radiation exposure for both
patients and clinicians (1). The digital nature of these images
also allows for easy manipulation, enhancement, and sharing,
which facilitates better diagnostic decision-making and
collaboration between healthcare providers. As the technology
has progressed, digital radiography systems have become
increasingly sophisticated, incorporating three-dimensional
imaging, higher resolution capabilities, and artificial intelligence
(AI) tools that assist in diagnostic interpretation. These
advancements have significantly improved the precision and
accuracy of restorative procedures such as crowns, bridges,
implants, and root canal treatments, ultimately leading to
better patient outcomes.
Despite these advancements, challenges remain, particularly in
terms of cost and accessibility, especially in regions with limited
access to advanced healthcare technologies. Additionally, as
new imaging technologies become available, it is essential for
clinicians to be adequately trained to interpret these images
effectively and integrate them into their clinical practice. This
review seeks to explore the advancements in digital
radiography for restorative dentistry, focusing on recent
technological innovations, their clinical applications, and the
future direction of imaging in restorative care.
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MATERIALS AND METHODS

1. Advancements in Image Resolution and Quality
High-resolution digital radiographs have transformed the
diagnostic process in restorative dentistry. The quality of digital
radiographs has improved significantly, offering high-definition
images that allow for the precise detection of dental issues such
as interproximal caries, cracks, fractures, and even minor tooth
defects that could have gone undetected in traditional films (2).
These advancements in resolution have been facilitated by the
development of new sensor technologies, such as
complementary metal-oxide-semiconductor (CMOS) sensors,
which offer superior sensitivity and better image quality than
previous systems (3). Furthermore, digital radiographs offer
superior contrast resolution, which is particularly beneficial in
detecting early-stage dental caries or periodontal disease (4).
Image manipulation capabilities have also played a crucial role in
improving diagnostic accuracy. With digital images, clinicians can
adjust contrast, brightness, and magnification to enhance the
visual representation of dental structures, which can aid in
detecting subtle dental anomalies (5). This flexibility allows for a 
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more detailed examination of radiographs, which in turn
improves the treatment planning process for restorative
procedures such as fillings, crowns, and bridges.

2. Integration of Cone-Beam Computed Tomography (CBCT)
Cone-beam computed tomography (CBCT) has revolutionized
the diagnostic landscape of restorative dentistry by providing
detailed three-dimensional (3D) images of the dentition,
surrounding tissues, and bone structures. Unlike traditional
two-dimensional radiographs, CBCT offers a comprehensive
view of the patient’s oral anatomy, which is especially helpful
in complex restorative cases, such as implant placements,
root canal treatments, and assessments of the surrounding
bone structures (6). The ability to view images in three
dimensions provides clinicians with a clearer understanding of
the tooth and bone architecture, aiding in more accurate
treatment planning.
Recent studies have demonstrated the advantages of CBCT in
improving the success rate of dental implants by allowing for
precise implant positioning and better bone volume
assessment (7). CBCT also helps in the evaluation of root canal
systems, particularly in cases where the root canal anatomy is
complex or involves variations such as dilacerations (8).
Moreover, CBCT’s high resolution enables the detection of
small changes in bone density or the presence of pathologies
such as cysts or tumors that may not be visible on
conventional radiographs.

3. Artificial Intelligence in Dental Imaging
Artificial intelligence (AI) has made significant inroads into
dental radiography, offering tools that assist clinicians in
image interpretation and diagnosis. AI-based software can be
trained to analyze digital radiographs and detect dental
conditions such as cavities, periodontal disease, and even
early signs of oral cancer (9). These AI systems use machine
learning algorithms to detect patterns in radiographic images,
providing clinicians with automated diagnoses and enhancing
the accuracy of clinical decision-making.
A study by Kim et al. (10) demonstrated that AI-based systems
were able to detect caries and periodontal bone loss with
greater accuracy than human clinicians, reducing diagnostic
errors and enhancing early detection. Additionally, AI can
assist in tasks such as automating image segmentation, which
can speed up the process of analyzing radiographs and reduce
clinician fatigue during busy clinical hours (11). This
integration of AI not only improves diagnostic accuracy but
also streamlines workflows, making it a valuable tool for
restorative dental practices.

4. Radiation Dose Reduction
One of the most significant advantages of digital radiography
over traditional film-based imaging is the reduced radiation
dose. Digital sensors, especially those utilizing CMOS
technology, require significantly less radiation than
conventional film, making them safer for both patients and
clinicians (12). This is particularly important in restorative
dentistry, where multiple radiographs may be required
throughout the treatment process, including post-treatment
follow-up and monitoring for issues such as secondary caries.
Recent developments in dose optimization technology, such
as the use of adaptive algorithms and automatic exposure
control (AEC) systems, have further minimized the radiation
dose without compromising image quality (13). Studies have
shown that these advances have made digital radiography a
safer alternative to traditional film-based radiographs,
reducing the risk of radiation-related complications, especially 
for pediatric and geriatric patients who are more sensitive to

DISCUSSION
The rapid advancements in digital radiography have brought
profound changes to restorative dentistry, improving both the
diagnostic and treatment aspects of dental care. High-resolution
digital sensors have enhanced the clinician’s ability to detect
even the most subtle dental pathologies, such as early-stage
caries, cracks, and fractures, which are critical to planning
appropriate restorative procedures. Early detection is vital as it
allows for more conservative and cost-effective treatment
options, such as minimal intervention techniques (15). These
subtle findings may have been missed using traditional
radiographs or more invasive diagnostic methods.
The integration of cone-beam computed tomography (CBCT) into
restorative dental practices has added a new dimension to
diagnostic imaging. CBCT provides a 3D view of the oral cavity,
allowing for more precise treatment planning, particularly for
complex cases such as implantology, endodontics, and bone
grafting. This technology has not only improved the success rates
of implant placements but also reduced complications related to
post-surgical bone loss and tissue damage. The ability to visualize
the relationship between bone structures, implants, and
surrounding tissues in 3D allows clinicians to plan procedures
with more confidence, which ultimately leads to better
outcomes for patients (16).
The introduction of artificial intelligence (AI) has the potential to
revolutionize dental radiography by automating image
interpretation and enhancing diagnostic accuracy. AI-based
systems have demonstrated promising results in detecting early
signs of caries, periodontal disease, and root fractures, often
with higher accuracy than human clinicians. AI tools can assist in
routine image analysis tasks, such as image segmentation,
enabling dental professionals to focus more on treatment
planning rather than the interpretation of every individual
image. This could streamline workflows, reduce human error,
and improve overall diagnostic efficiency (17).
Furthermore, the continuous reduction in radiation exposure
provided by digital radiography technologies is a significant
advancement in terms of patient safety. By using advanced
exposure control systems and optimizing imaging protocols,
dental professionals can ensure that patients receive the lowest
possible radiation dose while still obtaining high-quality images.
This is especially important for vulnerable populations, including
children, pregnant women, and elderly patients who are more
sensitive to radiation (18).
Despite these advancements, challenges remain in terms of cost,
training, and accessibility. Advanced digital radiography systems,
such as CBCT, may not be feasible for all dental practices due to
the high upfront costs. Additionally, as AI continues to evolve,
further research and validation are needed to ensure its
reliability and accuracy across diverse patient populations.
Ongoing education and training are also critical for clinicians to
effectively incorporate these new technologies into their
practice. Additionally, a strong understanding of radiographic
principles and anatomy is necessary to interpret images correctly
and avoid over-reliance on automated systems.

FUTURE PERSPECTIVES
The future of digital radiography in restorative dentistry holds
exciting possibilities. Continued advancements in AI and machine
learning will likely lead to even more sophisticated image
analysis systems, capable of detecting a broader range of dental
pathologies with greater precision. Moreover, the integration of
augmented reality (AR) and virtual reality (VR) could provide
clinicians with immersive tools for planning and visualizing
complex restorative procedures in real-time.

 radiation exposure (14).
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Further research into the miniaturization and cost reduction
of imaging technologies will make advanced digital
radiography more accessible to a broader range of dental
practices. Additionally, the integration of digital radiography
with other diagnostic tools, such as intraoral scanners and
optical coherence tomography (OCT), could provide a
comprehensive and integrated approach to patient care.

CONCLUSION

ent planning, and reducing patient radiation exposure. The
integration of advanced technologies such as cone-beam
computed tomography, artificial intelligence, and enhanced
image resolution has elevated the role of digital imaging in
modern dental practices. Despite the challenges associated
with cost, training, and accessibility, these innovations hold
immense promise for improving patient outcomes and the
overall efficiency of restorative dental procedures. As digital
radiography technologies continue to evolve, they will play an
increasingly central role in shaping the future of restorative
dentistry.
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Digital radiography has significantly advanced restorative
dentistry by improving diagnostic accuracy, enhancing treatm-


