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Abstract

Artificial intelligence (AI) has been rapidly changing the landscape of periodontics with new solutions for improving
diagnosis, treatment planning, and surgical outcomes. The incorporation of Al technologies, including machine learning
(ML) and deep learning (DL), in periodontal practice has been continuously transforming the way clinical practitioners
examine and treat periodontal disease. 7°8 Al-based systems can analyze large radiographic images, clinical data,
including medical history, and help in early detection and diagnosis of periodontal conditions such as bone loss,
gingivitis, or periodontitis. Furthermore, Al algorithms are employed to predict disease trajectory and develop
personalized treatment regimens, leading to more efficient and effective care. Al also holds promise for periodontal
surgery, as robotic systems advance surgical accuracy and decrease human error. They assist clinicians in dental
implant installation and periodontal procedures, providing for successful results. However, adoption of Al in
periodontics faces challenges, including ethical aspects, data security, and the requirement for extensive training
among clinicians. Yet, the possible advantages of Al for providing optimal patient care, facilitating processes, and
improving decision-making make it an outstanding instrument for contemporary periodontists. As Al continues to
grow, applications in periodontics will increase, offering more advanced tools for patient management, diagnosis, and
treatment. This narrative review will focus on the current status of Al in periodontology and its potential future impact
on routine practice.
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Introduction

Periodontics is one of the specialized dental
practices in the prevention, diagnosis, and
treatment of periodontal diseases, and is currently
experiencing a significant transformation with the
use of Artificial Intelligence (Al) (1). Al has
transformative potential for periodontal care:
enhanced precision, treatment
planning, and ultimately improved patient quality
of life. In the context of dentistry becoming
increasingly popular, Al is gradually taking a
significant role in periodontics, offering a new

diagnostics,

approach to enhance the efficiency and accuracy of
periodontal treatment (2).

Gingivitis and periodontitis are two of the most
common  chronic inflammatory  diseases
worldwide, severely impacting oral health. Once an
individual contracts these diseases, it may cause
that person to lose some or all of their teeth and is
connected with systemic ailments like heart

disease, diabetes, and respiratory problems (3).
Early recognition and treatment are the key to the
management of such illnesses to prevent serious
sequelae. Periodontal diagnosis and treatment
measures, as known in the prior art, are typically
based on clinical examination (with or without
tooth/dental  operator
judgment. The disease complex, human errors, and
contribute to variability in the
performance of techniques. This is where Al can

radiographs), and
limitations

play a significant role (4).

Al, particularly in machine learning (ML) and deep
learning (DL) techniques, has shown its potential
for enhancing patient diagnosis. By sifting through
vast amounts of patient data such as medical
records, clinical images, and radiographs, Al can
spot subtle patterns and anomalies that a human
being would not detect (5). Indeed, some Al
systems have been developed to quantify pocket

This is an Open Access article distributed under the terms of the Creative Commons Attribution CC BY
license (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution,

and reproduction in any medium, provided the original work is properly cited.

(Received 04t September 2025; Accepted 07t November 2025; Published 30t November 2025)



Nayyar et al,

depths, estimate local bone loss, and classify the
severity of periodontal disease on radiographic
images. In this way, it enables early and accurate
diagnosis, resulting in personalized treatment by
clinicians according to the individual requirements
of the patient (6).

Moreover, with respect to therapeutic planning, Al
can assist in predicting the development of
periodontal diseases and suggesting appropriate
treatments. By analyzing patient treatment
outcomes, machine learning models can help
periodontists to pinpoint which therapies best
work for a given situation (7). This might lead to
more predictable outcomes, shorter treatment
times, and lower costs for both dentists and
patients. And Al-based tools can assist in patients’
management by monitoring their recovery and
recommending modifications to the treatment
plans based on current information (8).

One of the most interesting applications of Al in
periodontics is its potential to assist surgeons by
enabling more accurate surgical procedures. There
are robotic systems based on Al that are being
developed to assist periodontists in performing
implant placement and periodontal surgery with a
higher level of accuracy (9). Al can find the best
placement locations, confirm that bones are strong
enough, and ensure the operation is minimally
invasive — all of which prevent complications and
help patients recover faster (10).

However, Al in periodontics is not free of
limitations. Privacy concerns, clinician training
requirements, and
dependence should be considered. Al presents a
significant opportunity for advancing the accuracy
of diagnosis, surgical planning, and precision of
surgery, which makes it an essential tool for

potential  technology

today’s digital periodontist. As Al technologies
advance, one can imagine that the role of Al in
periodontics would be extended even more to
come up with novel solutions both for patient care
and the practice of dentistry (11).

While several previous reviews have discussed the
role of Al in periodontics, the novelty of this
manuscript lies in its comprehensive exploration
of the multifaceted applications of Al in diagnosis,
treatment planning, and surgical procedures.
Unlike prior reviews, which focused on isolated
aspects of Al in periodontology, this review
examines the synergistic
technologies across multiple

integration of Al

domains of
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periodontal care, including emerging techniques in
robotic surgery, predictive Al models, and
personalized treatment regimens.

Review

Therefore, the present review aims to highlight the
promises that Al has when implemented in
periodontics and how it is likely to revolutionize
diagnostic abilities, treatment planning,
surgical precision. The review aims to provide an
overall perspective on how Al, through its current
evolutions and applications (i.e.,, machine learning
or deep learning algorithms), may support
periodontists in evidence-based decision-making
thatleads to improved patient care. In addition, the
review will address some of the current challenges
related to the implementation of Al in clinical
practice, including ethics and data protection, and
training for end-users.

This to provide an in-depth
exploration of how Artificial Intelligence (Al) is
transforming the field of periodontics. Al
technologies, such as machine learning (ML), deep
learning (DL), and robotic assistance, are making
significant strides in enhancing the diagnosis,
treatment planning, and surgical precision in
periodontal care. Below, the review is divided into
subsections, each addressing a key area where Al
is making an impact in periodontics.

Al in Diagnostic Accuracy

Al can be a game-changer in diagnostic systems of
periodontics, as it may provide an accurate and
predictable tool for the identification of
periodontal diseases. In the past, the diagnosis of

and

review aims

periodontal disease was dependent on clinical
ability, radiographs, and patient history. But Al-
driven applications, including deep learning
algorithms, can process big data - for example, x-
rays and clinical images - with astonishing
accuracy. They can identify the early markers of
periodontal diseases, including bone loss, gingival
inflammation, and pocket depth, that even human
practitioners might miss (12).

Al algorithms, including Convolutional Neural
Networks (CNNs), have been demonstrated to be
capable of analysing radiographic images for
subtle changes
biomarkers of periodontitis. For example, an
automatic system can evaluate the extent of bone
loss, allowing easier determination as to whether
immediate intervention is required. This will

in bone density and other
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enable periodontists to identify the signs of such
conditions at earlier stages, hence effective care
can be provided promptly (13).

Al in Treatment Planning

Treatment planning is one of the most promising
fields for Al in periodontics. Processing large
volumes of patient data - e.g., medical history,
imaging, and treatment results - an Al algorithm
can come up with treatment plans specifically
designed according to each person's health. Such
Al-based solutions would be able to forecast the
advancement of periodontal diseases and suggest
appropriate treatments, e.g, scaling and root
planning, regenerative treatments, or surgical
procedures (14).

And, for the judgments, Al can be helpful by
reviewing example outcomes of treatments
throughout a vast database, as comparisons are
made. For example, ones based on machine
learning could examine historical treatment to
determine the success or failure of particular
procedures, thereby supporting clinicians in their
decision-making. This can result in superior
clinical results, shorter treatment duration, and
less patient cost (15).

Al in Surgical Precision and Robotics
Al-driven robot-controlled systems
increasingly used in periodontics, providing an
essential enhancement of accuracy for such

are

surgeries. Advanced Al-guided robotic systems are
currently under development to help periodontists
in dental implant placement and periodontal
surgery. The systems may enable identification of
precise optimal positioning locations with which to
perform the procedures more precisely and less
invasively (16).

Al in Robotic Surgery

Al could reduce the possibility of human error,
increase the efficiency of procedures, and help to
avoid potential complications. Systems equipped
with Al can also analyze the procedure as it
progresses in real time and provide feedback,
making necessary adjustments to ensure that it is
performed perfectly (17). In addition, the Al
combined with digital imaging and 3D printing
technology permits periodontists to manufacture
exact patient-specific surgical guides assisting in
closer guidance for precise surgical interventions

(18).
and pocket depth measurements. Training
datasets typically comprise thousands of
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Al models have proven most effective when
applied to panoramic radiographs, periapical
radiographs, and cone-beam computed
tomography (CBCT) scans, which are common in
periodontal disease diagnosis. These images can be
analyzed for biomarkers like bone loss, gingival
inflammation, and periodontal pocket depth. For
example, CNNs trained on CBCT data have
demonstrated significant accuracy in detecting
early-stage bone loss and inflammation, allowing
for earlier intervention and personalized
treatment plans (18, 19).

Classification of Al in periodontics based on
various applications is shown in Table 1.

Table 2 highlights the advantages and limitations
of both approaches across several factors including
accuracy, time efficiency, potential for human
error, and clinical outcomes.

Challenges and Ethical Considerations
As with many innovations, the introduction of Al
into periodontics philosophical
challenges. A primary concern is privacy and
security - Al systems must have access to vast
amounts of sensitive patient data or they won't
work. Security of patient data, ensuring that it will
not be seen by those who are not authorized, such
as health professionals and organizations, is
fundamental to trust in these new episodes (19).
Second, the ethical aspects of Al decision-making

faces some

(particularly in patient care) should be thoroughly
scrutinized. While useful, Al-generated inferences
reinforced with human-in-the-loop
decision making that verifies their compatibility
with patient desires and code of ethics (20).

Additionally,
training to effectively utilize Al tools in clinical

must be

periodontists require specific
practice. “An Al system is only as strong as the
clinician using it, and periodontists should be
stewards of the role in which data are entered into
these systems and subsequent decisions are made
based on an Al system’s output (21).

The Al models discussed in this review, such as
Convolutional Neural Networks (CNNs), have
shown remarkable success in analyzing
radiographic images for periodontal disease
detection. For instance, CNNs are trained on large
of labelled
radiographs, including images of periodontal
conditions like bone loss, gingival inflammation,

datasets containing thousands

annotated X-rays, with sizes ranging from 5,000 to
over 20,000 images, depending on the model’s
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application. The success of these models is largely
attributed to their ability to process and extract

Vol 2 | Issue 4

complex features from images, which are often
difficult for human practitioners to detect (19-21).

Table 1: Classification of Al in Periodontics Based on Various Applications

Al Classification

Description

Applications in Periodontics

Diagnostic Al

Predictive Al

Treatment
Planning Al

Robotic Al
(Surgical AI)

Assistive Al for
Patient
Management

Al 'in Imaging and
Imaging Analysis

Al for Surgical
Planning and
Guidance

Alin Data
Integration and
Decision Support

Al systems focused on diagnosing
diseases by analyzing clinical data,
images, and patient history.

Al tools that predict the progression of
diseases and potential
outcomes based on historical data.

Al systems are designed to create
personalized treatment plans based on
patient data analysis, including medical
history, and
treatment results.
Al-integrated robotic systems that assist
in periodontal surgeries by providing
enhanced precision, real-time feedback,
and optimal placement of implants and
surgical interventions.

Al-driven tools that monitor patient
progress during treatment and suggest
modifications in the treatment plan
based on real-time data.

Al algorithms are designed to enhance
the quality of dental images and
automatically  analyze them for
diagnostic purposes.

Al used to assist in planning and guiding
periodontal surgical procedures with
high precision through detailed 3D
models and real-time guidance.

Al systems that integrate various data
sources (e.g., medical history, treatment
outcomes, clinical records) to assist
periodontists in making data-driven

suggest

imaging, previous

Automated analysis of radiographs for bone
loss and periodontal disease detection. -
Early identification of gingival inflammation
and periodontal pocket depths using deep
learning models.

Predicting the progression of periodontal
disease. - Forecasting the outcomes of various
treatment plans to aid in decision-making.
Generating personalized treatment plans for
scaling, root planning, and regenerative
procedures. - Machine learning to suggest the
best interventions.

Al-powered robotic systems for dental
implant placement. - Al-guided periodontal
surgery for better precision and minimal
invasiveness.

Al systems for ongoing patient monitoring. -
Adjustment recommendations for treatment
plans based on changes in patient condition.

Deep learning models for analyzing X-rays, CT
scans, and 3D imaging to detect subtle
changes in bone structure and periodontal
conditions.

Al-assisted surgical planning for dental
implants. - Guided surgery with real-time
feedback and adjustments the
procedure.

Data aggregation tools for comprehensive
patient profiles. - Decision support systems
for treatment procedural

during

and
recommendations.

decisions.

Discussion

The diagnostic efficacy of Al is well-documented. It
has been shown that CNNs can automatically learn
and infer dental X-rays, which outperformed
human dentists in detecting bone loss (22). This is
in line with the results presented here, where it
was demonstrated that Al models can recognize
early signs of gingival inflammation and pocket
depths that would otherwise be missed manually.
However, it has been cautioned that Al's ability
might be constrained due to the diversity of

16

datasets and generalization (23). It is agreed that
Al needs to be exposed to different types of
datasets for it to function effectively across various
clinical contexts. Al's forecasting capabilities are
transforming treatment schedules. It has been
reported that Al can predict the progression of
periodontal disease and provide treatment options
tailored to individualized patients (24). This aligns
with the findings presented, in which Al systems
monitor patient history and treatment response to
personalize interventions.
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Table 2: Side-by-Side Comparisons of Al Versus Manual Methods

Aspect Al-Based Method Manual Method

Diagnosis High accuracy in detecting subtle patterns (e.g, Diagnosis based on clinical
bone loss) from radiographs. Al models can expertise and radiographs.
identify early signs that human practitioners Susceptible to human error and
may miss. variability.

Treatment Personalized treatment plans based on Treatment planning based on

Planning predictive modelling of disease progression and clinical judgment and patient
patient data. history.

Surgical Robotic systems assist in precise dental implant Dependent on the skill and

Precision placement and periodontal surgery. experience of the surgeon.

Patient Improved early diagnosis, fewer errors, and Outcomes dependent on human

Outcomes more predictable outcomes. precision and experience.

Cost Initial costs high, but long-term savings due to Lower initial costs but potential for

Effectiveness  fewer complications. higher long-term expenses due to

complications.

However, it has also been noted that clinician non-
adherence to Al might lower its efficacy (25). It is
emphasized that periodontists play a key role in
verifying Al-generated treatment plans and
deciding whether the planned treatments meet the
patients' needs, thereby stressing the necessity for
human supervision in decision-making.
Al-assisted robotic surgery is enhancing accuracy
in periodontics, as demonstrated by a study where
Al systems were shown to lead to better
performance in dental implant surgeries (26). The
potential of Al for real-time learning in response to
changes during surgery was also highlighted. The
notion that Al can minimize human error and
increase surgical effectiveness is supported by this
study. However, concerns have been raised about
overdependence on technology and the need for
specific training (27). It is stressed that Al may
assist in operative interventions but cannot make
decisions, and control of the procedure must
remain with the practitioners.

Ethical considerations regarding the role of Al in
periodontics are paramount, especially with
respect to patient data confidentiality. It has been
emphasized that risks arise when sensitive data
are used in Al systems (28). It is highlighted that
safe data storage and processing are vital to ensure
patient confidentiality.

Several studies have evaluated the success of Al
interventions in periodontics. For example, it was
demonstrated that CNNs correctly identified bone
loss in 95% of radiographs, outperforming human
clinicians significantly (29). However, other

studies have reported a failure rate of
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approximately 10-15%, particularly when Al
models struggle with complex, low-quality
radiographs or atypical disease presentations.
These findings underscore the importance of
human oversight and the continuous improvement
of Al models for more consistent and accurate
results.

In summary, there is great potential for Al in
periodontics, but substantial obstacles remain.
Diversity in data is crucial for advancing Al-
supported periodontal treatment. This will impact
the ethical
integration of clinical knowledge with Al, require
training for each aspect, and ensure the protection
of patient privacy.

Future Implications

The use of Al would see greater integration in

patient outcomes, necessitate

periodontal care, particularly in predictive
analytics, surgical precision, and personalized
care. Our analysis concurs with this projection, and
we speculate about a future of periodontics not
only for diagnosis and treatment but also for
preventive patient care and continuous
monitoring.

Overall, although AI is a powerful tool in
periodontics, as indicated by studies published
previously, challenges persist. Our review has
identified some of the challenges that need to be
overcome for Al to fulfil its full potential in
enhancing periodontal care, particularly ethical
considerations, data privacy, and clinician
acceptance. In the future, Al should be considered

an inseparable tool for periodontologists, rather



Nayyar et al,

than an adversary, to provide faster, more
accurate, and humanized patient care. More
research and partnerships between Al developers
and dental professionals will be necessary to break
the barriers for integrating these systems into
periodontics.

Conclusion
Al can revolutionize periodontology by increasing
diagnostic  precision, improving treatment

planning, and offering more accurate surgical
control. Incorporating Al into the practice of
periodontology provides clinicians and patients
with significant advantages in treatment outcome,
operation efficiency, and cost. However, sensitive
issues surrounding patient data privacy, clinician
training, and ethical considerations must be
addressed for Al to be used responsibly and
effectively. As Al advances, our understanding of
how to harness the power of these technologies in

periodontics will likely continue to grow,
becoming an essential tool for our digital
periodontist.
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