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Abstract

The use of Artificial Intelligence (Al) in the field of pediatric dentistry is rapidly evolving, offering significant
advancements in diagnosis, treatment planning, patient management, and educational efforts. The integration of
Al tools such as machine learning, deep learning, and natural language processing can potentially improve clinical
outcomes, reduce diagnostic errors, and make dental procedures more efficient and accurate. This systematic review
examines the current applications, benefits, challenges, and future prospects of Al in pediatric dentistry. Through a
comprehensive analysis of the available literature, we explore how Al technologies are transforming pediatric dental
care and their implications for both practitioners and patients. This review aims to provide a thorough understanding of
the potential of Al in pediatric dentistry, its limitations, and the way forward for its widespread adoption.
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Introduction

Artificial Intelligence (AI) has emerged as a transformative tool
across various medical and healthcare disciplines; including pediatric
dentistry. It involves the simulation of human intelligence processes
through the use of algorithms and computational systems that can
analyze complex data; recognize patterns; and make decisions. In
pediatric dentistry; AI is being increasingly utilized to enhance
the diagnosis; treatment; and management of dental conditions in
children. The application of Al spans various areas such as predictive
analytics; image interpretation; automated diagnostics; personalized
treatment plans; and the development of virtual assistants that assist
in patient management. Pediatric dentistry, as a specialized branch of
dentistry; focuses on the oral health of children from infancy through
adolescence. The unique dental needs of children require specialized
care; as their dental development; anatomical structure; and behavior
differ significantly from adults. Consequently; pediatric dentists must
use advanced technologies to address these needs effectively. With
the increasing complexity of pediatric dental cases and the need for
accurate diagnostics and efficient treatment planning; Al provides new
avenues for improving clinical practice.

The potential of Al in pediatric dentistry lies in its ability to reduce
human error; enhance diagnostic accuracy; optimize treatment plans;
and improve patient outcomes. Al tools like machine learning (ML);
deep learning (DL); and natural language processing (NLP) can assist
pediatric dentists in various domains; including radiographic image
analysis; caries detection; orthodontic treatment planning; and the
prediction of future oral health conditions.

Despite the promising potential; the use of Al in pediatric dentistry
is still in its early stages; and there are several challenges that must be
addressed before its widespread adoption. These challenges include
the need for proper validation; training; integration into clinical
workflows; and ensuring ethical considerations such as data privacy.
The aim of this systematic review is to explore the existing literature on
the applications of Al in pediatric dentistry; identify the benefits and
limitations of these technologies; and assess the future implications for
pediatric dental practice [1-5].

Methodology

A systematic review of the existing literature was conducted using
electronic databases such as PubMed; Scopus; Web of Science; and
Google Scholar. The following inclusion criteria were applied:

. Articles published in peer-reviewed journals.
. Studies focused on the application of Alin pediatric dentistry.

. Studies that included machine learning; deep learning;
natural language processing; or related technologies.

. Articles published between 2010 and 2025.

The exclusion criteria were as follows:

. Studies focused solely on adult dentistry.

. Studies with insufficient details on Al technology.
. Articles not published in English.

. Case reports and opinion articles.

A total of 50 studies were initially identified; and after screening
for relevance and quality; 25 articles were included in the final review.
These studies were categorized into different themes such as Al in
diagnosis; Al in treatment planning; Al in patient management; and
Al in dental education.

Results
Al in diagnosis

Al has shown remarkable promise in enhancing diagnostic
capabilities within pediatric dentistry. One of the key areas of focus
has been the use of Al in dental imaging; particularly for the analysis of
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radiographs and intraoral scans. Machine learning and deep learning
algorithms are capable of detecting early signs of dental caries; enamel
defects; and other dental anomalies with high accuracy. Studies
have shown that Al-based systems can detect caries lesions that may
be missed by human clinicians; improving early intervention and
treatment outcomes.

A study by Zhou et al. (2022) demonstrated the application of
convolutional neural networks (CNNs) in detecting dental caries in
pediatric patients from radiographic images. The CNN-based system
achieved an accuracy rate of 95%; outperforming traditional methods
and enhancing early detection; which is crucial for preventing the
progression of dental caries in children.

Similarly; AI algorithms have been used in the detection of
other dental issues such as malocclusion; periodontal disease; and
abnormalities in dental development. The potential of AI in diagnostic
radiology offers a non-invasive and cost-effective alternative for
pediatric dentists to make more informed decisions about patient care.

Al in treatment planning

The development of Al-powered treatment planning tools has
been another significant advancement in pediatric dentistry. Al can
analyze large datasets from patient records; including dental history;
clinical examination; radiographs; and genetic information; to
generate personalized treatment plans. These systems can recommend
appropriate interventions based on patient-specific factors; thus
optimizing treatment outcomes.

For instance; in orthodontics; Al-based algorithms can predict
the future growth patterns of children’s teeth and jaws; helping
orthodontists plan early interventions. A study by Kumar et al.
(2021) explored the use of Al in predicting the timing of orthodontic
treatments based on craniofacial growth patterns in pediatric patients.
By analyzing historical data; the AI system was able to recommend the
ideal age for initiating orthodontic treatment; improving the chances
of success.

Al-based systems can also assist in developing individualized
cariology treatment strategies for pediatric patients. By assessing risk
factors such as diet; oral hygiene habits; and genetic predispositions;
AT can help pediatric dentists create tailored preventive strategies;
reducing the likelihood of future dental problems .

Al in patient management

Al plays a crucial role in improving patient management in
pediatric dentistry. Al-powered virtual assistants and chatbots can
assist in appointment scheduling; answering common patient inquiries;
and providing post-treatment care instructions. These tools not only
improve efficiency but also enhance patient satisfaction by offering
timely and accurate information.

In addition; Al-based systems can help pediatric dentists monitor
patients’ oral health over time; offering alerts when follow-up visits or
preventive measures are due. By leveraging AI; dental practitioners
can develop more proactive care strategies that improve the overall
experience and outcomes for pediatric patients.

A study by demonstrated the use of an Al-powered chatbot in
helping children with anxiety during dental visits. The chatbot provided
interactive activities and calming techniques; significantly reducing
anxiety levels and improving cooperation during dental procedures.

Al in education and training

Al is also being integrated into dental education; offering
opportunities for improved training and knowledge acquisition
among pediatric dentists. Al-based simulation platforms allow dental
students and practitioners to practice complex procedures in a risk-free
environment; enhancing their skills without compromising patient
safety. One notable application is the use of Al-driven virtual reality
(VR) and augmented reality (AR) simulations in pediatric dental
education. These technologies create immersive learning experiences;
enabling dental professionals to visualize and interact with 3D models
of the oral cavity and practice procedures such as cavity preparations
and orthodontic adjustments.

In addition; AI systems can analyze and assess the performance of
dental students in simulated environments; providing instant feedback
and highlighting areas for improvement. This feedback can be used
to tailor educational programs; ensuring that students acquire the
necessary skills to provide quality care in pediatric dentistry.

Discussion

Benefits of Al in pediatric dentistry

The integration of Al in pediatric dentistry offers several benefits;
including:

1.  Improved diagnostic accuracy: Al algorithms; particularly
those involving deep learning; have shown great promise in improving
the accuracy and efficiency of dental diagnostics. Early detection of
dental issues such as caries and malocclusion can help in providing
timely interventions; reducing the risk of complications.

2. Personalized treatment plans: Al-based systems can
analyze individual patient data to create tailored treatment strategies;
optimizing outcomes and minimizing unnecessary procedures.

3. Enhanced patient management: Al-powered virtual
assistants and automated systems can help pediatric dentists manage
their practice more efficiently; improve patient engagement; and
reduce administrative burdens.

4.  Efficient training and education: AI-based simulations offer
an effective way to train dental professionals; improving their skills and
preparing them for real-world scenarios.

Challenges in the adoption of Al in pediatric dentistry

Despite its potential; there are several challenges in the widespread
adoption of Al in pediatric dentistry:

1.  Data privacy and security: Al systems rely on large amounts
of patient data; raising concerns about data privacy and security.
Ensuring that AI tools comply with healthcare regulations such as
HIPAA is crucial.

2.  Integration into clinical practice: The implementation of
Al technologies requires significant integration into existing clinical
workflows. This can be challenging; especially in smaller dental
practices with limited resources.

3.  Cost of implementation: The high costs associated with Al
technologies may be prohibitive for many pediatric dental practitioners;
particularly in low-income regions.

4.  Ethical considerations: The use of Al in decision-making
raises ethical concerns; particularly in cases where AI systems might
replace human judgment. It is important to strike a balance between
utilizing AT and maintaining human oversight in critical decisions.
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Future directions

The future of Al in pediatric dentistry is promising; with ongoing
advancements in Al algorithms and the increasing availability of large
datasets. Future research should focus on validating AI-based systems
in real-world clinical settings; addressing regulatory challenges; and
exploring new applications such as Al in telemedicine for pediatric
dental care.

Furthermore; AD’s role in predicting and preventing dental diseases
in children could be explored in more depth; with the development of
proactive care models that reduce the burden of oral diseases across
pediatric populations [6-10].

Conclusion

Artificial Intelligence holds immense potential for revolutionizing
pediatric dentistry by improving diagnostic accuracy; optimizing
treatment planning; enhancing patient management; and providing
innovative educational tools. While there are challenges to overcome;
including data privacy; cost; and ethical concerns; the continued
integration of Al into pediatric dental practices will likely lead to
improved clinical outcomes and more efficient patient care. Future
developments in Al technologies; coupled with further research and
validation; will play a crucial role in shaping the future of pediatric
dentistry. As AI continues to evolve; it is crucial for pediatric dental
practitioners to stay informed about the latest advancements; ensuring
that they leverage these technologies to enhance the quality of care
provided to young patients.
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