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Abstract

Smart dentistry represents the integration of Artificial Intelligence (Al) into dental practice, transforming diagnosis, treatment
planning, patient management, and education. Al analyses massive datasets using sophisticated algorithms and machine
learning, which improves the speed and accuracy of the dental diagnosis like periodontal illnesses, orthodontic abnormalities,
oral malignancies, and dental caries etc. in simple terms, Artificial Intelligence (Al) serves as a digital assistant that learns
from clinical data to help dentists make evidence-based decisions, predict results, and customize treatment. Dental processes
are changing to become more accurate and efficient due to applications like Al-powered diagnostic tools, automated
radiograph interpretation, and virtual treatment simulations. This review simplifies the concept of Al for dental professionals,
emphasizing its benefits, limitations, ethical concerns, and the promising future it holds in making dentistry smarter, faster,

and more patient- centered.
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Introduction

In the digital era, the field of dentistry is changing quickly,
with a rising trend toward "Smart Dentistry,” a strategy in
which practitioners collaborate with digital technology and
artificial intelligence (Al) to enhance patient results.
Increased processing power, massive datasets, and complex
algorithms have led to significant advancements in Al,
which is often described as the capacity of computers to
carry out activities that typically require human intellect
(e.g., learning, reasoning, and decision-making) [ 2.
Because oral healthcare creates a vast amount of data
(radiographs, CBCT scans, intra-oral pictures, and patient
records) that may be benefited by automated interpretation
and predictive analysis, these advancements are especially
pertinent to dentistry 1,

Al technologies, including machine learning (ML), deep
learning (DL), computer vision, and natural language
processing (NLP), are being used in Smart Dentistry to
improve productivity, diagnose patients, and plan
treatments. Al-driven image analysis, for instance, may
identify periodontal bone loss or early carious lesions more
quickly and reliably than humans ™. Additionally, more
individualized, effective, and data-driven patient care is
made possible by Al systems that are increasingly assisting
with treatment decisions, such as forecasting orthodontic
progress or identifying implant placement angles P,

In addition to diagnoses and treatment, smart dentistry
includes patient-management and administrative tools such
as chatbots for patient education, predictive risk-assessment
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models, intelligent scheduling, and improved digital record-
keeping. Along with increased clinical accuracy, these
advances also offer cost savings, improved patient
experience, and simpler procedures . The necessity for
remote monitoring, virtual consultations, and minimal-
contact workflows was emphasized by the recent COVID-
19 epidemic, which further drove the introduction of digital
and Al tools in dentistry practice ["].

The application of Al in dentistry is not without difficulties,
despite its potential. Widespread adoption is nevertheless
hampered by problems including data privacy, algorithmic
bias, explainability of Al models, regulatory monitoring,
and the need for physician training . Furthermore,
although Al can enhance clinical knowledge, it cannot take
the role of human judgment, empathy, and moral judgment
[ 100 In light of this, dental professionals, educators, and
students navigating this shift need to have a clear,
understandable grasp of Al, its functions, uses, advantages,
and drawbacks.

By simplifying Al ideas, examining existing applications in
various dental specialties, and talking about potential future
directions and obstacles, this review seeks to give a clear yet
thorough overview of smart dentistry. By doing this, we
intend to encourage patients and dental professionals to be
well-prepared for the upcoming wave of technologically
advanced oral healthcare. This study is novel because it
simplifies the investigation of Al applications in dentistry,
making difficult Al concepts simple enough for students and
dental professionals to grasp. It promotes awareness and



adoption of smart dentistry in routine practice by bridging
the gap between cutting-edge Al technology and real-world
clinical relevance.

Introduction to Artificial Intelligence

The term artificial intelligence describes how computers,
particularly computer systems, may simulate human
intellectual processes in order to carry out activities like
learning, reasoning, problem-solving, and perceiving
without the need for direct human participation 4, Simply
defined, Al allows computers to understand, learn, and
make judgments more quickly and consistently than
humans. Since John McCarthy initially proposed the idea in
1956, it has developed from theoretical debates into real-
world uses that today affect nearly every aspect of
contemporary life, including dentistry and healthcare 21,
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Fig 1: Al algorithm life cycle

Algorithms used by Al systems examine vast databases,
spot trends, and use the information to provide estimations
or well-informed choices. While deep learning (DL) uses
neural networks to handle complex data like images or
speech recognition, machine learning (ML), a type of
artificial intelligence, uses statistical models that allow
systems to improve performance via experience (Figure 1)
131 In dentistry, where diagnostic imaging, treatment
planning, and patient monitoring produce vast volumes of
data that need precise interpretation, these technologies are
very helpful 41,

Advances in digital imaging, electronic health records, and
cloud-based computing have accelerated the integration of
Al into dental practice in recent years, enabling Al tools to
help with orthodontic assessments, implant planning, caries
detection, and even highly accurate treatment outcome
prediction %1, As Al becomes more widely used, dentistry
is changing from a reactive, experience-based field to a
proactive, data-driven one, improving clinical efficiency and
diagnostic accuracy [*61,

In essence, understanding Al in simple terms involves
recognizing it as a supportive digital partner that enhances
the clinical decision-making process rather than replacing
the clinician. As dental professionals become more familiar
with Al based tools, the technology is expected to play a
vital role in achieving personalized, evidence-based oral
healthcare in the near future.

Artificial Intelligence in dentistry

In modern dentistry, Al is revolutionizing diagnostic
accuracy, treatment planning, and patient care. Using
machine learning and neural networks, Al can analyse
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radiographs, CBCT scans, and intraoral images to detect
abnormalities often missed by clinicians. It also aids in
restorative and prosthodontic procedures through computer-
aided design and manufacturing, ensuring better fit and
aesthetics. Additionally, Al driven models predict risks of
caries, periodontal disease, and oral cancer, while virtual
assistants enhance patient communication and workflow
efficiency. Overall, Al marks a significant leap toward
precision and personalized oral healthcare in the era of
“Smart Dentistry” [27],

1. Oral and maxillofacial surgery

Oral and Maxillofacial Surgery (OMFS) is undergoing a
rapid transformation because of artificial intelligence, which
is improving surgery planning, postoperative care, and
diagnostic accuracy. Radiographic images like Cone Beam
Computed Tomography (CBCT) and panoramic radiographs
are being analyzed using machine learning algorithms and
deep neural networks, which allow for the early diagnosis of
diseases including cysts, tumors, and fractures with
accuracy on par with human specialists. Al based virtual
surgical planning helps anticipate postoperative face
symmetry and optimize occlusal results in orthognathic and
reconstructive surgery. Additionally, Al driven prediction
models are showing promise in predicting complications,
estimating operating time, and evaluating surgical risks, all
of which enhance patient safety and clinical effectiveness
18 Al has enormous potential to streamline intricate
surgical procedures in OMFS and customize treatment
methods as technology advances

2. Implants

By improving accuracy in diagnosis, treatment planning,
and surgical execution, artificial intelligence has completely
transformed the field of dental implants. In order to evaluate
bone density, locate anatomical landmarks, and create the
best implant locations, Al driven systems may evaluate
CBCT and intraoral scan data. This reduces problems and
enhances prosthetic results. Based on patient specific
variables including bone quality and systemic diseases,
machine learning algorithms also help forecast implant
success rates and postoperative recovery. Additionally, very
accurate guided implant placement is made possible by Al
integrated robotic systems, which shorten surgery times and
enhance patient safety [,

3. Prosthetic and Restorative Dentistry

Artificial intelligence has brought significant advancements
to prosthetic and restorative dentistry by enhancing
precision, efficiency, and customization in treatment
planning. Al-driven systems can analyze digital impressions
and radiographs to design crowns, bridges, and dentures
with remarkable accuracy, reducing human error and
laboratory time. Machine learning algorithms integrated into
CAD/CAM software assist in optimizing prosthesis fit and
occlusion while ensuring aesthetic harmony. Furthermore,
Al aids in predicting restorative treatment outcomes and
assessing tooth wear or caries progression, enabling
clinicians to make data-driven decisions for long-term
success 2%,

4. Radiology
Artificial intelligence has revolutionized oral radiology by
enhancing diagnostic accuracy, image interpretation, and



early disease detection. Al algorithms, especially those
based on deep learning, can identify dental caries, periapical
lesions, cysts, and even early signs of oral cancer from
radiographs with remarkable precision. These systems assist
clinicians in reducing human error, improving workflow
efficiency, and ensuring more consistent diagnoses.
Moreover, Al tools are increasingly being integrated into
CBCT and panoramic imaging for automated landmark
detection and treatment planning in orthodontics and
implantology .

5. Orthodontics

Orthodontics has undergone a revolution because of Al,
which has improved diagnosis, treatment planning, and
result prediction with extreme precision. In addition to
predicting tooth movement and helping to develop
individualized orthodontic products, machine learning
algorithms can assess cephalometric radiographs. Artificial
intelligence powered software can automatically identify
landmarks on radiographs and assess skeletal and dental
connections with precision on par with skilled orthodontists,
greatly cutting down on human error and time. Additionally,
Al makes it easier to assess progress and conduct virtual
therapy  simulations, which  enhances therapeutic
effectiveness and patient communication 22,

6. Dental Hygiene

Artificial Intelligence is transforming dental hygiene by
enhancing early detection, prevention, and patient
education. Al powered tools can identify plaque
accumulation, caries, and periodontal disease from intraoral
scans and radiographs with remarkable precision, allowing
hygienists to provide more personalized preventive care.
Moreover, smart toothbrushes and mobile health apps
integrated with Al can monitor patient’s oral hygiene habits,
offering real time feedback and motivation for better
compliance. These advancements enable dental hygienists to
shift from routine cleaning toward data driven preventive
strategies, improving overall oral health outcomes %31,

Avrtificial Intelligence- Boon or Bane

Artificial intelligence in dentistry has brought in a new era
of intelligent dental practice, bringing with it both
significant benefits and important warning signs. Positively,
Al systems have proven to be remarkably accurate at tasks
including image interpretation, caries diagnosis, and
treatment planning, which has improved workflow
efficiency and decreased diagnostic mistakes 24?71, Beyond
diagnostics, Al powered solutions provide individualized
treatment pathways that allow for risk assessment and
patient-specific preventative measures 1. Al technologies
simplify administrative tasks like as scheduling, managing
records, and even virtual patient interaction, which lowers
costs and raises patient satisfaction 281,

However, the “boon” comes with significant caveats. As
several recent reviews highlight, the deployment of Al in
clinical settings is often hampered by inadequate data
quality and representativeness, algorithmic bias, and a lack
of transparency in decision-making °!. Legal and ethical
concerns such as patient data privacy, consent for use of Al
tools, and accountability when Al driven recommendations
go awry remain largely unresolved. Moreover, the high cost
of sophisticated Al infrastructure, the need for staff training,
and integration challenges with existing dental practice
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software pose practical barriers that can limit equitable
adoption 3],

Therefore, the effectiveness of Al depends more on how it is
used, controlled, and incorporated into the human driven
clinical workflow than it does on the technology itself. Al
has the potential to revolutionize dental care when used
properly, with strong data governance, clinical supervision,
training, and ethical protections. On the other hand, without
these, there is a chance that disparities would worsen,
clinician autonomy will be compromised, or unanticipated
consequences may be introduced.

Ai In Teledentistry

By facilitating effective, remote oral healthcare delivery, Al
has transformed tele dentistry and bridged the gap between
patients and dental practitioners. To provide diagnosis,
consulting, and monitoring without the necessity for in
person visits, tele dentistry combines digital technology
with telecommunications %1, Al integration makes the
system smarter, enabling real time analysis of radiographs,
intraoral scans, and photographs to identify diseases such
dental caries, periodontal bone loss, or oral lesions BY. By
automatically segmenting regions of interest, categorizing
the severity of diseases, and even forecasting treatment
outcomes using machine learning (ML) and deep learning
(DL) algorithms, Al-powered diagnostic tools help dentists
1321

Al-driven teledentistry enables patients to upload intraoral
images via mobile applications, which are then analyzed by
neural networks trained on large image datasets to suggest
likely diagnoses in underserved or rural areas with limited
access to specialists B3, This enhances preventive care,
speeds up diagnostics, and improves access. Additionally,
Al chatbots and virtual dental assistants can improve patient
engagement and compliance by scheduling appointments,
reminding patients about oral hygiene, and providing
postoperative care reminders. Faster triage is made possible
by natural language processing (NLP) systems that can
decipher patient-reported symptoms and correlate them with
probable conditions 71,

Clinical decision-making and continuity of care are
improved by cloud-based Al platforms in tele dentistry,
which guarantee safe data storage and simple access to
dental records %, Additionally, data privacy and medico-
legal accountability have been enhanced through integration
with blockchain and secure encryption techniques [2,
Additionally, early intervention is made possible by
predictive analytics models that assist in identifying patients
who are at risk for oral diseases like periodontitis or oral
cancer 4. Essentially, Al has changed tele dentistry from a
communication tool to a clever diagnostic and decision-
support system, opening the door for the provision of oral
healthcare in the digital age that is fair, effective, and
individualized.

Al in India

In India, Al has rapidly expanded and been incorporated
into a variety of industries, including dentistry, education,
and healthcare. In an effort to establish India as a global
leader in responsible Al innovation, the Indian government
has acknowledged Al as a transformative technology and
launched programs like "Al for All" under NITI Aayog's
National Strategy for Artificial Intelligence (NSAI). Al's use
in data analytics, image recognition, and predictive



modeling has been made possible by India's booming tech
sector, which is well supported by start-ups, academic
institutions, and digital infrastructure. A paradigm shift
toward technology-assisted clinical care is reflected in the
growing adoption of Al by the healthcare and dental
research sectors for patient management systems, early
disease detection, and diagnostic accuracy ©I,

Artificial intelligence-based tools for radiographic
interpretation, caries detection, orthodontic planning, and
implantology are being investigated by dental academic and
clinical institutions in India 3. These days, Al based
software helps with prosthodontic design, cephalometric
analysis, and even patient education via chatbots and online
consultations. India's objective to increase the accessibility
and affordability of dental care is in line with the
development of predictive models that can identify oral
cancer risks and treatment outcomes as a result of the
integration of machine learning with oral healthcare data %1,
By bridging the gap between innovation and real-world
clinical application, Al has the potential to transform smart
dentistry in India with continued advancements and
regulatory support.

Future Perspective

The smooth use of artificial intelligence in the fields of
diagnosis, treatment, and teaching is key to the future of
smart dentistry. It is anticipated that Al systems will move
from supportive tools to self-sufficient clinical assistants
that can read radiographs, forecast the course of diseases,
and even direct intricate surgical operations with little
assistance from humans. Personalized dental care will
become a reality as machine learning algorithms and big
data analytics continue to progress, enabling clinicians to
customize treatment regimens according to each patient's
unique biological, behavioural, and genetic characteristics
[17]

Furthermore, it is projected that Al dental services and
virtual consultations would increase access to oral
healthcare, particularly in underprivileged and rural areas.
Additionally, the use of Al based simulators, augmented
reality (AR), and robotic-assisted procedures will
revolutionize dentistry education by allowing students to
obtain practical experience in a virtual setting prior to
clinical application %1, Notwithstanding these encouraging
advancements, ethical issues including algorithmic bias,
data privacy, and the requirement for regulatory frameworks
must be resolved to guarantee the safe and fair use of Al in
dentistry.

Conclusion

In conclusion, the integration of Artificial Intelligence into
dentistry marks a transformative shift toward precision,
efficiency, and patient centered care. Smart dentistry
harnesses Al driven tools such as diagnostic imaging
analysis, predictive analytics, virtual treatment planning,
and automated record management to enhance clinical
decision-making and streamline workflows. By simplifying
complex data into actionable insights, Al empowers dental
professionals to deliver faster, more accurate, and
personalized treatments. However, while the potential of Al
in dentistry is vast, its ethical use, data privacy, and the need
for clinician training remain crucial for its responsible
implementation. Ultimately, understanding Al in simple
terms enables dental practitioners to embrace innovation
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confidently, ensuring that technology complements human
expertise rather than replaces it.
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