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The convergence of artificial intelligence (Al) and nanomedicine is reshaping
contemporary dental practice, offering a path toward predictive, personalized,
and regenerative care in prosthodontics, orthodontics, and endodontics. Al
techniques including machine learning, deep learning, and computer vision
enhance diagnostic accuracy, support evidence-based treatment planning, and
optimize patient management by integrating multimodal clinical and imaging
datasets. In parallel, dental nanomedicine harnesses diverse nanoscale platforms
such as inorganic and organic nanoparticles, nanocomposites, nanobiosensors,
and nanorobotics to achieve targeted antimicrobial therapy, controlled drug
delivery, and tissue regeneration at the molecular level. This review synthesizes
current evidence on the standalone and synergistic use of Aland nanotechnologies
in prosthodontics, where Al-driven CAD/CAM workflows and nanomaterials
improve prosthesis design, fit, and durability; in orthodontics, where Al-guided
outcome prediction and nano-enhanced appliances enable more efficient and
aesthetic tooth movement; and in endodontics, where Al-based imaging analysis
and nanoparticle-assisted disinfection and regeneration advance minimally
invasive, biologically oriented treatments. We further highlight emerging
paradigms in predictive modeling, Al-driven nano-therapeutics, and regenerative
dentistry that integrate stem cells, nanoscaffolds, and bioinformatics to move
from reparative toward true tissue reconstruction. Finally, the review critically
discusses ethical, safety, and regulatory challenges including data privacy,
algorithmic bias, nanotoxicology, and translational hurdles and outlines key
research and policy priorities needed to responsibly implement Al-nanomedicine
ecosystems in routine dental care.
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INTRODUCTION
The convergence of artificial intelligence (AI)

demonstrated improvements in
accuracy, treatment planning,

diagnostic
and patient

and nanomedicine in dentistry is emerging as a
transformative development with the potential
to redefine prosthodontics, orthodontics, and
endodontics. Al techniques such as machine
learning and deep learning have already
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management across dental specialties [1, 2]. At the
same time, nanomedicine introduces innovative
materials and devices including nanobots and
lab-on-a-chip systems that can refine clinical
procedures, advance regenerative endodontics, and
enhance prosthetic design [3, 4].
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These technologies are complementary: Al
excels at processing large, complex datasets and
building predictive models that identify risk
factors and forecast treatment outcomes, while
nanomedicine provides targeted, molecular-level
interventions that improve therapeutic precision
and tissue regeneration [5-7]. The synergy between
data-driven decision-making and nanoscale
therapeutics supports a shift from traditional,
reactive dental care toward proactive, personalized
strategies that prioritize prevention and long-term
patient outcomes.

Despite  these  opportunities,  successful
integration requires overcoming several challenges.
Key issues include data privacy and ethical
considerations, the need for standardized clinical
and technical protocols, significant investment
in research and development, and training for
dental professionals to adopt these advanced tools
effectively [8, 9]. Addressing these barriers will be
essential to translate the combined promise of Al
and nanomedicine into routine clinical practice and
meaningful improvements in oral healthcare[10].

ARTIFICIAL INTELLIGENCE IN DENTISTRY:
CORE CONCEPTS AND CAPABILITIES

Al is increasingly becoming integral to
dentistry, offering transformative capabilities
in diagnostics, treatment planning, and patient
management [11, 12]. The core concepts of Al
in dentistry revolve around machine learning
(ML), deep learning (DL), and computer vision,
which are applied across various dental specialties
to enhance precision and efficiency. These
technologies are pivotal in improving diagnostic
accuracy, optimizing treatment strategies, and
personalizing patient care. However, despite their
potential, there are limitations and challenges that
need to be addressed for broader clinical adoption.
The following sections delve into the specific
applications and current roles of Al in dentistry, as
well as the limitations faced by these technologies.

Al technologies, particularly convolutional
neural networks (CNNs), have significantly
improved the ability to diagnose dental pathologies
such as caries, periodontal disease, and oral
cancers. These tools provide more accurate and
faster results, reducing diagnostic errors and
increasing reliability [13, 14]. Artificial neural
networks (ANNs) are used for predictive modeling
in treatment planning, offering data-driven
predictions of patient outcomes and enabling
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customized treatment strategies [13]. Generative
algorithms and automated design tools facilitate
the creation of individualized prosthetic appliances,
such as crowns and dentures, ensuring better fit,
comfort, and aesthetics [13]. Al applications in
these fields improve treatment precision through
the simulation of tooth movements and prediction
of success in procedures like root canal therapy
[13]. This technology enhances the analysis of
radiographs and 3D imaging, leading to early
detection of dental diseases and anomalies [15].

Al models demonstrate high diagnostic
validity, with pooled diagnostic accuracy of
92.4%, sensitivity of 90.1%, and specificity of
91.7% in various dental applications [14]. Al
systems facilitate personalized treatment plans by
predicting outcomes and optimizing procedures
based on vast datasets (Rastogi et al., 2024). Al
enhances patient management through automated
appointment scheduling, virtual consultations, and
real-time communication platforms, improving
overall patient experience and compliance [15].
Despite the benefits, challenges such as data privacy
concerns, transparency of AI models, high costs,
and the need for standardized validation protocols
hinder widespread [13, 14]. Issues like inconsistent
data quality, bias risk, and lack of transparency
in AI models pose significant barriers to effective
integration into routine dental practice [16].

While AI holds significant promise for
revolutionizing dental care, it is crucial to address
the challenges associated with its implementation.
Ethical considerations, data privacy, and the
need for continuous training and education for
dental professionals are critical factors that must
be managed to ensure responsible and effective
use of AI technologies in dentistry. Moreover, Al
should be viewed as an adjunct to clinical expertise,
enhancing rather than replacing the human element
in dental care. Continued research, regulation,
and collaboration among dental professionals,
technologists, and policymakers are essential to
unlock the full potential of AI in dentistry while
addressing its associated challenges.

NANOMEDICINE IN DENTISTRY: MATERIALS
AND MECHANISMS

Nanomedicine in dentistry is a rapidly evolving
field that leverages the unique properties of
nanomaterials to enhance dental care, particularly
in prosthodontics, orthodontics, and endodontics.
These advancements aim to provide predictive,
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personalized, and regenerative dental treatments.
Nanomaterials and nanostructures are central to
these innovations, offering diverse functionalities
such as antimicrobial action, regenerative
capabilities, and efficient drug delivery systems.
This section explores the types of nanomaterials
used in dentistry and their specific functions,
highlighting their transformative potential in
dental care [17].

In dental nanomedicine, a diverse array of
nanoscale platforms is being developed to restore,
protect, and monitor oral tissues. Inorganic
nanoparticles such as nano-hydroxyapatite and
mesoporous silica are widely used for biomimetic
mineralization and ion delivery, playing a central
role in hard-tissue regeneration and repair
[18]. Organic nanocarriers including chitosan,
PLGA, and liposomes are favored for their
biocompatibility and controlled-release properties,
making them well suited for targeted drug delivery
in a range of dental treatments [18]. Biological
nanoplatforms, exemplified by exosomes and
protein cages, add another layer of specificity
through advanced biorecognition and targeting
capabilities that enhance therapeutic precision.
Hybrid nanocomposites that incorporate fillers
such as silica, zirconia, and nanodiamonds boost
mechanical performance and aesthetic outcomes
in restorative dentistry [19]. Parallel advances
in nanorobotics and nanobiosensors managing
from experimental nanorobotic dentifrices to
sensor networks for real-time biomarker detection
promise continuous oral-health maintenance and
earlier disease diagnosis, opening new possibilities
for preventive and personalized dental care [20,
21].

Nanoparticles and nanosystems in dentistry
offer multifunctional benefits that address
infection control, tissue repair, and targeted
therapy. Metallic and polymeric nanoparticles
such as silver, zinc oxide, and chitosan exhibit
potent antimicrobial activity that is essential for
managing biofilms and preventing infection during
dental procedures [19]. Beyond antimicrobial
effects, nanotechnology advances regenerative
dentistry by providing scaffolds and delivery
platforms that promote cellular proliferation and
tissue formation, with particular promise for
endodontic and periodontal therapies [22, 23].
Nanoparticle-based drug-delivery systems further
enhance treatment precision by enabling targeted,
controlled release of therapeutics directly to sites
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of infection or tissue damage, improving efficacy
while reducing systemic side effects an approach
especially valuable in endodontics for delivering
medicaments into complex root canal anatomies
[22, 24].

While nanomedicine offers  significant
advancements in dental care, it is essential to
consider the challenges and limitations associated
with its application. Issues such as nanotoxicity,
long-term  biocompatibility, and regulatory
hurdles pose significant barriers to the widespread
adoption of nanotechnology in clinical settings
[20, 25].Additionally, the high cost of production
and the need for rigorous in vivo validation further
complicate the translation of laboratory innovations
into practical dental treatments. Addressing these
challenges through interdisciplinary collaboration
and research is crucial for the successful integration
of nanomedicine into dentistry.

SYNERGISTIC INTEGRATION OF AI AND
NANOMEDICINE

Theintegrationof Aland nanomedicineis paving
the way for transformative advancements in dental
care, particularly in prosthodontics, orthodontics,
and endodontics. This convergence aims to achieve
predictive, personalized, and regenerative dental
treatments by leveraging AT’s capabilities in data
analysis and predictive modeling alongside the
precision of nanotechnology. AI enhances the
design and optimization of nanomaterials, leading
to more effective and personalized therapeutic
interventions. Furthermore, smart nanosystems,
driven by data, are revolutionizing therapeutic
strategies, offering new possibilities for targeted
and efficient dental care solutions.

Al-driven methods are transforming the
design and deployment of nanomaterials for dental
applications by enabling accurate prediction, rapid
optimization, and generative design of nanoscale
platforms. Machine learning and deep-learning
models can predict key nanomaterial properties
size, shape, surface charge that determine
biodistribution, cellular uptake, and drug-release
behavior, improving the selection of candidates
for effective targeted delivery in dentistry [26].
Complementary Al algorithms accelerate the
identification and optimization of nanocarriers,
refining drug-carrier interactions and targeting
mechanisms to produce carriers tailored for specific
dental conditions and to minimize off-target
effects [27]. Finally, generative approaches such as
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generative adversarial networks and reinforcement
learning permit exploration of novel nanostructures
with bespoke functionalities for example, stimuli-
responsive release profiles or surface chemistries
optimized for oral tissues opening new avenues for
smart, adaptive therapeutics in dental care [28].

Al-driven technologies are paving the way
for truly personalized and adaptive dental care
by integrating multi-omics, imaging, and clinical
data to tailor treatments to individual patients.
Platforms such as CURATE.AI demonstrate how
individualized dosing and treatment strategies can
be derived from complex, patient-specific datasets,
a capability that is directly applicable to optimizing
dental therapeutics and improving outcomes
[26]. At the diagnostic level, AI enhances the
sensitivity and specificity of nanoscale sensors and
diagnostics: nanosensors coupled with ML models
can detect oral-disease biomarkers at extremely low
concentrations, enabling earlier diagnosis and more
timely interventions [28, 29]. Beyond detection,
the coupling of AI with nanosystems supports real-
time, closed-loop therapeutics that continuously
adapt to incoming patient data, optimizing drug
release, dosing, and other treatment parameters
to maximize efficacy and minimize side effects an
approach that promises to improve both short- and
long-term patient outcomes in dentistry [28, 30].

While the integration of AI and nanomedicine
holds immense potential for advancing dental care,
several challenges must be addressed. These include
ethical and regulatory issues, data privacy concerns,
and the need for interdisciplinary collaboration to
ensure responsible implementation. Additionally,
the complexity of nanoscale operations and the
variability in patient responses necessitate robust
frameworks for clinical translation and validation.
Despite these challenges, the synergy between
Al and nanomedicine is poised to revolutionize
dental care, offering more secure, efficient, and
personalized treatment options for patients
worldwide [27, 31, 32]

APPLICATIONS IN PROSTHODONTICS

The convergence of Al and nanomedicine in
prosthodontics is paving the way for predictive,
personalized, and regenerative dental care[33]. Al-
assisted design and the use of nanomaterials are two
significant applications in this field, enhancing the
precision, efficiency, and functionality of prosthetic
solutions. These advancements are transforming
traditional prosthodontic practices by integrating
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cutting-edge technology to improve patient
outcomes and streamline workflows. The following
sections delve into the specific applications
of Al-assisted design and nanomaterials in
prosthodontics.

Al-driven digital workflows are significantly
advancing prosthodontics by enabling high levels
of precision, customization, and efficiency in
prosthesis design and fabrication. Accurateintraoral
data acquisition, combined with computer-aided
design and manufacturing (CAD/CAM), allows
for the production of highly individualized
prosthetic components, further enhanced by three-
dimensional printing technologies that ensure
superior fit and accuracy [34, 35]. In parallel, AI
applications streamline clinical and laboratory
processes through automated classification of
edentulous arches, Al-assisted impression tray
selection, and machine learning-based design of
removable partial denture frameworks, thereby
reducing both time and manual effort in prosthetic
development [34, 36].

Beyond fabrication, Al also improves treatment
planning by optimizing casting and manufacturing
workflows, predicting facial ~morphological
changes associated with removable prostheses, and
supporting the design of implants and maxillofacial
prosthetics, ultimately leading to more predictable
and efficient clinical outcomes [37]. However,
despite these advantages, several challenges
remain, including the need for large, high-quality
datasets, robust validation and standardization
protocols, and careful consideration of ethical and
regulatory issues. Addressing these limitations will
be essential to fully realize the potential of Al in
prosthodontic practice [34, 35].

APPLICATIONS IN ORTHODONTICS

The convergence of Al and nanotechnology in
orthodontics is paving the way for more predictive,
personalized, and eflicient dental care. Al models
are increasingly being used to enhance treatment
planning by predicting outcomes and personalizing
treatment strategies, while nanotechnology is
revolutionizing the materials and appliances used
in orthodontics. These advancements promise
to improve patient outcomes and streamline
orthodontic procedures. Below, the applications
of Al and nanotechnology in orthodontics are
explored in detail.

AT models, particularly those utilizing ML
and DL, are transforming orthodontic treatment
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planning by providing predictive insights and
personalized strategies.

Al enhances diagnostic accuracy by analyzing
complex datasets, such as cephalometric
radiographs and three-dimensional imaging,
to identify anatomical landmarks and predict
growth patterns. This allows for more precise
treatment planning and outcome prediction [38,
39]. Customized Treatment Strategies: Al-driven
solutions facilitate the customization of orthodontic
appliances and aligner therapy, tailoring treatment
to individual patient needs. This personalization is
achieved through the integration of AI with digital
workflows and 3D printing technologies [40].

Risk Assessment and Prognosis Prediction:
AT models are used to assess risks and predict
treatment outcomes, aiding in decision-making
processes. These models can predict the likelihood
of treatment success and identify potential
complications, allowing for proactive management
(41, 42].

Nanotechnology is being integrated into
orthodontic  appliances and  biomaterials,
offering enhanced properties and functionalities.
Nanotechnology  enhances the mechanical
properties of orthodontic materials, such as
wires and brackets, by increasing their strength,
flexibility, and resistance to wear. This results in
more durable and effective appliances.

Nanomaterials improve the biocompatibility
and aesthetic appeal of orthodontic appliances.
For instance, nanoparticles can be used to create
transparent brackets and wires that are less visible,
improving patient satisfaction. Incorporating
nanoparticles with antimicrobial properties
into orthodontic materials can reduce the risk
of infections and improve oral hygiene during
treatment. This is particularly beneficial in
maintaining the health of the oral environment
[41].

While AT and nanotechnology offer significant
advancements in orthodontics, there are challenges
and considerations that must be addressed. The
integration of Al into clinical practice requires
careful consideration of data privacy, algorithmic
bias, and the need for clinician oversight to ensure
ethical and effective use [40, 41]. Similarly, the
application of nanotechnology must consider
potential health risks associated with nanoparticles
and ensure that materials are safe for long-
term use [41]. Despite these challenges, the
continued development and integration of AI and
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nanotechnology hold great promise for the future
of orthodontic care.

APPLICATIONS IN ENDODONTICS

The convergence of Al and nanomedicine
in endodontics is paving the way for predictive,
personalized, and regenerative dental care. Al-
based diagnostics and the use of nanoparticles
for disinfection and regeneration are two key
applications that are transforming endodontic
practice. These technologies enhance diagnostic
accuracy, improve treatment outcomes, and offer
innovative solutions for complex dental issues. The
following sections delve into these applications,
highlighting their significance and potential impact
on endodontics.

Al technologies are revolutionizing the
diagnostic processes in endodontics, particularly
for pulp and periapical diseases.

AT algorithms, especially deep convolutional
neural networks (CNNs), have significantly
improved the accuracy of diagnosing periapical
and pulp diseases by analyzing radiographic
images. These models can detect subtle changes
in bone density and morphology, which are often
missed by conventional methods, thus enabling
early detection and intervention. AI-powered
predictive models can assess the risk factors for
endodontic failures and predict healing trajectories,
aiding clinicians in making informed decisions.
This predictive capability is crucial for tailoring
personalized treatment plans and improving patient
outcomes [43, 44]. Al systems are being integrated
into digital workflows, enhancing the efficiency of
clinical decision-making. These systems assist in
identifying root canal anatomy, detecting lesions,
and providing real-time analytics, which streamline
the diagnostic process and improve procedural
outcomes [45].

Nanotechnology offers innovative solutions
for disinfection and regeneration in endodontics,
addressing some of the limitations of traditional
methods.

Nanoparticles, due to their small size and
large surface area, can penetrate dentinal tubules
more effectively than conventional disinfectants.
This results in superior antimicrobial action,
reducing the risk of reinfection and improving
the success rate of root canal treatments [46, 47].
Nanoparticles facilitate targeted drug delivery
and support stem cell differentiation, promoting
pulp tissue regeneration. This capability is crucial
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for developing biologically responsive materials
and treatment protocols that restore the vitality
and function of the pulp-dentin complex [22, 46].
The incorporation of nanomaterials into dental
materials enhances their mechanical properties,
such as strength and fracture resistance, thereby
increasing the durability of endodontic treatments
[46].

While AT and nanotechnology offer promising
advancements in endodontics, challenges remain
in their widespread adoption. Al applications face
issues such as biased datasets, ethical concerns,
and the need for large, annotated datasets for
training models [45, 48]Similarly, the long-term
biocompatibility and safety of nanoparticles require
further research to ensure their safe integration into
clinical practice [46]. Addressing these challenges
through interdisciplinary collaboration and
ongoing research will be crucial for fully realizing
the potential of these technologies in endodontics.
An overview of the convergent applications of
Al and nanomedicine across prosthodontics,
orthodontics, and endodontics is summarized in
Table 1.

PREDICTIVE AND PERSONALIZED DENTAL
CARE

The convergence of Al and nanomedicine is
poised to revolutionize dental care by enabling
predictive and personalized treatment strategies.
This integration is particularly transformative in
fields such as prosthodontics, orthodontics, and
endodontics, where precision and individualized
care are paramount. Al's ability to analyze vast
datasets and predict outcomes, combined with
nanomedicine’s targeted therapeutic capabilities,
offers a new paradigm in dental care. This approach
not only enhances diagnostic accuracy and
treatment efficacy but also tailors’ interventions to
individual patient needs, thereby improving overall
patient outcomes. The following sections delve into
the specific roles of risk prediction and outcome
modeling, as well as patient-specific, Al-driven
nano-therapeutics in dental care.

Al algorithms, particularly those based on
machine learning, are enhancing diagnostic
accuracy and outcome prediction in endodontics
by integrating clinical, radiographic, and biological
datasets. These predictive models can identify risk
factors for endodontic failure and estimate healing
trajectories, aiding clinicians in making evidence-
based decisions [44]. In prosthodontics, AT is used

215

for outcome prediction, enhancing the precision
of treatment planning and decision-making.
ATs role extends to predicting facial changes
in patients with removable prostheses, thereby
improving patient satisfaction and treatment
outcomes [49]. AIs predictive capabilities in
orthodontics include predicting tooth movement
and optimizing treatment times. This allows for
highly individualized treatment plans that improve
clinical outcomes and patient satisfaction [50].

Nanotechnology offers promising solutions
for periodontal therapy by enhancing diagnostic
accuracy and enabling targeted drug delivery.
Nanoparticles can precisely detect periodontal
pathogens and biomarkers, while nanotechnology-
based therapies provide localized and controlled
release of therapeutic agents [23]. The integration
of AI with nanomaterial-enhanced drug delivery
systems has shown potential in improving
dental caries diagnosis and treatment. Al-driven
diagnostics, combined with fluoride-nanomaterial
formulations, offer targeted and effective treatment
options [51]. AT is being used to identify optimal
scaffold designs and predict cellular responses in
regenerative endodontics. This integration with
bioinformatics and stem cell research accelerates
the development of biologically responsive
materials for tissue regeneration [43].

While the integration of AI and nanomedicine
in dental care offers significant advancements,
challenges such as data privacy, algorithmic bias,
and the cost of adopting these technologies remain.
Ethical considerations, including patient privacy
and informed consent, are critical as personalized
dental care becomes more prevalent. Additionally,
the limited availability of extensive datasets can
hinder the widespread implementation of Al in
prosthodontics. Despite these challenges, the
potential for Al and nanomedicine to transform
dental care is immense, promising more predictive,
personalized, and effective treatments in the future.

REGENERATIVE DENTISTRY AND FUTURE
THERAPEUTICS

Regenerative dentistry is at the forefront of
transforming dental care by integrating advanced
technologies such as stem cells, nanoscaffolds,
and Al-guided strategies. These innovations aim
to move beyond traditional reparative methods
to achieve true biological reconstruction of
dental tissues. The convergence of artificial
intelligence and nanomedicine in prosthodontics,
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orthodontics, and endodontics is paving the way for
predictive, personalized, and regenerative dental
care. This section explores the role of stem cells,
nanoscaffolds, tissue engineering, and Al-guided
strategies in advancing regenerative dentistry.

Dental stem cells, including dental pulp stem
cells (DPSCs) and periodontal ligament stem cells
(PDLSCs), are pivotal in regenerative dentistry due
to their ability to differentiate into various cell types
necessary for dental tissue regeneration. These cells
are used in conjunction with bioactive molecules
and scaffolds to promote the regeneration of
dentin-pulp complexes, periodontal tissues, and
alveolar bone [52, 53].

The use of nanotechnology in creating
scaffolds has significantly enhanced the precision
and effectiveness of regenerative therapies.
Nanoscaffolds provide a biomimetic environment
that supports cell attachment, proliferation,
and differentiation. They are designed to mimic
the natural extracellular matrix, facilitating the
regeneration of complex dental structures [54].
Tissue Engineering: This field combines stem cells,
scaffolds, and growth factors to engineer tissues that
can replace damaged dental structures. Techniques
such as 3D bioprinting and computer-aided design
are revolutionizing tissue engineering by enabling
the fabrication of patient-specific scaffolds that
guide tissue regeneration [55, 56].

Al algorithms, particularly those based on
machine learning, are enhancing the predictive
capabilities in regenerative dentistry. These models
can analyze vast datasets to predict outcomes
of regenerative procedures, optimize scaffold
designs, and simulate cellular responses, thereby
improving the precision of regenerative treatments.
Al facilitates the development of personalized
regenerative strategies by analyzing patient-specific
data, such as genetic profiles and systemic health
parameters. This allows for the customization
of treatment protocols to suit individual patient
needs, moving away from the traditional one-
size-fits-all approach. The synergy between AI
and bioinformatics accelerates the development
of biologically responsive materials and treatment
protocols. Al can process complex biological data to
identify optimal conditions for tissue regeneration,
enhancing the efficacy of regenerative therapies
[43].

While regenerative dentistry holds immense
promise, challenges such as high costs, regulatory
hurdles, and variability in clinical outcomes remain.
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The integration of AI and nanotechnology offers
potential solutions by improving the predictability
and personalization of treatments. However,
widespread  adoption  requires  overcoming
these barriers through continued research and
development. The future of regenerative dentistry
lies in refining these technologies and establishing
standardized protocols to ensure their effective
clinical application [52, 53].

CHALLENGES, REGULATORY CONSIDER-
ATIONS, AND FUTURE PERSPECTIVES

The convergence of Al and nanomedicine in
dental fields such as prosthodontics, orthodontics,
and endodontics holds significant promise
for advancing predictive, personalized, and
regenerative dental care. However, this integration
is not without its challenges, particularly
concerning ethical, safety, and regulatory issues,
as well as translation barriers and future research
directions. These challenges must be addressed to
fully realize the potential of AI and nanomedicine
in dentistry.

The integration of AI in dentistry raises
ethical issues related to data privacy, algorithm
transparency, and potential biases in Al systems.
Ensuring that AI systems are free from bias
and that patient data is protected is crucial
for ethical AI deployment in dental care [57,
58].  Safety Considerations: Nanomedicine
introduces concerns about biocompatibility and
nanotoxicology. The potential for nanoparticles to
cause adverse biological effects necessitates rigorous
safety evaluations and monitoring to ensure patient
safety [59]. The lack of a well-defined regulatory
framework for nanomedicine poses significant
challenges. The hybrid nature of nanomedicine
products, which often fall between traditional drug,
device, and biologic classifications, complicates
regulatory pathways. There is a need for a coherent
and globally synchronized regulatory framework to
facilitate the safe and effective use of nanomedicine
in clinical practice [59].

The translation of Al and nanomedicine from
research to clinical practice is hindered by technical
complexity, high initial costs, and the need for
high-quality data. Additionally, the variability
in manufacturing and the unpredictability of in
vivo performance of nanomedicine systems pose
significant challenges [35]. Future research should
focus on developing standardized characterization
methods and adaptive regulatory frameworks
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to address these challenges. Interdisciplinary
collaboration and open-source innovation are
essential for advancing AI and nanomedicine
technologies. Emerging technologies such as
quantum computing and digital twins offer
promising avenues for enhancing personalized
dental care [26]. Educational and Training Needs:
Adequate training for dental professionals in AT and
nanomedicine technologies is crucial for successful
implementation. Continuous education and robust
data management practices are necessary to ensure
that these technologies are used responsibly and
effectively [35]. While the convergence of AI and
nanomedicine in dentistry presents numerous
opportunities for enhancing patient care, it also
necessitates careful consideration of ethical, safety,
and regulatory issues. Addressing these challenges
requires a collaborative effort among researchers,
clinicians, and regulatorybodies to ensure that these
technologies are integrated into dental practice
in a manner that is both safe and effective. Future
research should focus on overcoming translation
barriers and exploring new technologies to fully
harness the potential of Al and nanomedicine in
dentistry.
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