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Abstract

This article reviews the application of Convolutional
Neural Networks (CNNSs) in dentistry, highlighting how
deep learning has transformed diagnostic and treatment
processes. CNNs, a type of deep learning algorithm
designed for image analysis, are used across various
dental specializations including radiology, orthodontics,
periodontics, prosthodontics, pedodontics, endodontics
and oral surgery. The review explains CNNs data driven
methods, particularly its ability to extract, classify and
segment medical images such as dental radiographs, CT
and MRI scans. Key benefits include improved
diagnostic accuracy, faster and more reliable results,
automated evaluations and enhanced planning for
procedures such as implant placement and age estimation

in forensic dentistry. The article concludes that CNNs

substantially advance dental diagnostics and treatment
planning by increasing efficiency, reducing manual errors
and providing early intervention for oral cancers. By
reducing diagnostic time and minimizing human error,
CNNs have the potential to revolutionize preventive
dentistry and improve long term patient outcomes.
However, CNNs face several challenges and limitations
including data related issues such as absence of high-
quality data, obstacles in advanced infrastructure,
development and maintenance cost and several ethical
and legal concerns. Ultimately Al, including CNNs, is
expected to serve as crucial support system for dentists,
assisting clinicians and researchers without replacing
human critical thinking and oversight.
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Introduction

Acrtificial Intelligence (Al) is the term which represents
the big umbrella term to how it makes machines think,
reason and solve problems by thinking as human brain *.
This leads to the subset of Al which focuses on machines
learning from data 2. Then the deep learning which is the
subset of Machine Learning. This used Artificial Neural
Networks which have many programmed layers within it.
Hence the layers are called “deep” . Convolutional
Neural Network (CNN) is a type of deep learning
algorithm . The foundational difference comes where
deep learning is highly based on analyzing the data or
information provided to learn and making predictions
from the data. Whereas CNN is based majorly on
learning and analyzing images, videos and their objects,
edges and shapes °>. CNNs are extensively applied in
different branches of dentistry, due to their ability to
assist in diagnosis, treatment planning and research. To
highlight their applications based on the branches of
dentistry: CNN analyzes the dental radiographs, detection
of caries and periodontal diseases ®. While coming to
orthodontics CNN can help with cephalometric analysis.
The indirect use of CNN in implants would be when it
analyses the bone segmentation images for implant
planning. Early cancer detection, age estimation in
forensic dentistry and early detection of dental
anomalies. CNN, along with deep learning, considering
all the data provided and the analysis is helping dentists
CNN is being used in the field of

medicine for medical image analysis ’, assisting doctors

on a broad scale.

in procedures like dermatology, ophthalmology,
radiology and oncology 23. It extracts images from CT
and MRI and helps in diagnosis of various health care
problems using different types of medical imaging &.
CNNs perform primary tasks such as categorizing an

image into specific class, identification of location of
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lesions, organs or other objects of interest. Segmentation
is a function where the opacity or radiolucency of
pathology or an organ can be precisely identified 2.

To understand the working of CNN, let’s understand
where deep learning helps. Deep learning works on the
non-image data like medical records, definitions, and all
the other forms in which there is information available
about the teeth and their structures. Then all this
information is loaded into the system °. On coming to
CNN, we need to provide high quality images or X-rays
just like how a dentist would look at an X-ray. The CNN
then filters these images into detailed bits such as all the
edges, shapes and textures °. It then detects different
basic and complex features, and further by activation
function decides which patterns are important and what
needs to be further looked up on . It then decides to
provide and gather the detected features and make a final
decision. The information is then looked up and just like
a dentist’s experience, CNN learns from feedback and
more information from other uploaded images and
improves to accurately recognize dental problems ©.
CNNs enhance diagnostic efficiency and accuracy in
dental field, and it is expected that it can come close to
human competence levels ®.

Methodology

To review the literature, studies were selected from
PubMed and Google Scholar, without restrictions on
publication year, to provide a comprehensive overview of
current

Convolutional Neural Networks (CNN) in dentistry. The

knowledge regarding the application of
review focuses on evaluating the effectiveness and
diagnostic performance of CNNs in various dental
“Convolutional
“Artificial
“Oral

Radiology”, “Orthodontics”, and “Periodontics”. The

specialties. Search terms included:

Neural Networks”, “Deep Learning”,

Intelligence”, Dentistry”, “Dental imaging”,
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research encompassed case reports, clinical studies and

systematic revies.

Atificial Machine Deep Leaming CO"J:‘L:‘::;?"al
Intellegence (Al) Learning (ML) (DL) Networks(CNN)

Working of CNN

CNN is the type of deep learning algorithm specifically

created for processing data arranged in a grid pattern °.

CNN uses a deep learning approach to automatically

identify the most effective features for representing

images. CNN typically involves several layers, each
designed to serve a particular function.

1. Convolutional Layer- These layers filter the data
which is fed to the system, capturing unique features
or patterns 4. The convolutional layer applies filters
to the input data and extract features which help in
reducing the number of parameters ’.

2. Activation Functions- The Rectified Linear Unit
(ReLU) is a type of activation function commonly
used in CNN ° ReLU introduces non-linearity,
allowing the network to perform complex functions
and improve performance ’.

3. Pooling Layers- Pooling layer usually follows
convolutional layer, with its main purpose of
reducing the size or dimensionality of the
convolutional layers output *. The pooling layer also
retains the essential information while discarding
unnecessary ones °.

4. Fully Connected Layers- These are the end layers
of the CNN architecture. They process the data for
final prediction and classification by mapping the
image features by categorizing for classification ®.

Applications of CNN in Dental Practice

1. Diagnosis and detection- CNNs are widely used for

detection and diagnosis, effectively and quickly in

©2025 1IDSIR, All Rights Reserved

radiological images with increased accuracy 4. CNN
can be applied to panoramic radiographs, periapical
and bitewing radiographs ®. Research indicates that
CNN can detect approximal caries in pediatric
patients with high precision. CNN has been seen
surpassing the average performance of human
dentists by providing high accuracy in diagnosing
approximal caries and categorizing the caries
according to severity *.

Forensics and age estimation- Forensic dentistry
plays a crucial role in identifying individuals in legal
and criminal investigations by determining gender
and age *. CNN developed gender estimation based
on dental X-ray images such as orthopantomograms
(OPG) by identifying features within the images
which differentiate between male and female
patients. The ability to determine gender from X-ray
with high accuracy is highlighted as an important
step in investigating process in forensic dentistry.
Dental age estimation by CNN in forensics is more
successful and faster than traditional radiographic
methods . The age estimation is developed by
OPGs across different age ranges and differentiating
them among specific age-related features 2.

Oral Medicine and Radiology- CNN has
transformed the method of analysis of dental images
and their implementation of artificial intelligence into
dental care °. Radiology is the first field where Al
appeared, as it uses the maximum number of images
to generate radiographic data *. This can provide
increased accuracy and speed of diagnostic
assessments, largely applied in computer-aided
diagnosis (CAD) for various medical purposes
including analysis of dental images . CNN are
effective tools for detecting dental pathologies by

analyzing images 4. The three primary tasks
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performed by CNN are Classification, Detection and
Segmentation °.

Periodontology- CNN in periodontics primarily is
used in detection, measurement and assessment of
periodontal bone loss and peri-implant bone loss 1.
Neural networks including CNN are being used to
minimize errors in diagnosis and provide more
precise assessments 2. Along with the diagnosis of
periodontitis CNN can also classify or put the
diagnosis into stages of disease. A modified R-CNN
model has been detecting dental implants and finding
key points around them, such as marginal bone loss
and peri-implantitis severity 6. Such Al systems
detect periapical lesions which are also associated
with periapical periodontitis .

Orthodontics- In the field of Orthodontics, CNN
works by landmark detection and cephalometric
tracing, which by human force is a time taking
process and might cause errors when performed
manually. They are more accurate in detecting
cephalometric landmarks in both 2D and 3D imaging
17 CNN can automatically identify and number teeth,
along with evaluation of parameters like angulation,
class and position of impacted teeth such as third
molars on panoramic radiographs . CNN and similar
Al systems can assist orthodontists in making
treatment decisions such as the need for extraction or
success of different treatment methods ! The
relevant orthodontic surgical cases including
Temporomandibular ~ Joint ~ (TMJ)  disorder,
osteoarthritis and disc displacement can also get
diagnosed.

Prosthodontics- CNN are used for classifying
radiographs into categories such as Cavity, filling
and implant. It also detects missing teeth which are

relevant for prosthetic planning **. CNN can also
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identify the stage of implant treatment on panoramic
radiographs. It also measures peri implant bone loss
on radiographs 2. A 3D-CNN has been developed to
generate partial dental crowns in computer-aided
design (CAD) for restorative dentistry 8. CNN are
well suited for these tasks because their
convolutional layers are effective at extracting such
specific features from images.

Pedodontics- Pediatric dentistry has the highest
proportion of Al applications in making predictable
decisions, primarily for dental age estimation which
is crucial for timing appropriate treatment 1. As we
know it is challenging as well as crucial to detect
caries early in primary teeth, which are vulnerable to
rapid progression . Proximal caries could be difficult
to diagnose in children, and this is where CNN uses
panoramic radiographs of children to identify dental
caries. CNN also detects anomalies such as
hypodontia, premolar agenesis, detection of
supernumerary teeth and detection of mesiodens on
panoramic radiographs of children 4. It also
automatically identifies and number teeth on
radiographs when it is challenging to identify during
the presence of primary and permanent teeth, tooth
germs and mixed dentition.

Conservative and Endodontics- CNN can be used
to evaluate the anatomy of root canal 2. Predicting the
presence of C-shaped canals in mandibular molars
and detecting separated root canal instruments on
panoramic radiographs ®. These are also useful in
detecting vertical root fractures. CNN may analyze
gene expressions for radicular cysts and periapical
granulomas 2.

Oral and maxillofacial surgery- CNN are used for
detection of anatomical structures such as identifying

impacted third molars and their proximity to inferior
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alveolar nerves ®. It is used for automatic detection
and segmentation of mandibular canals, and
differential diagnosis of odontogenic cystic lesions
such as ameloblastoma and odontogenic keratocyst.
They have shown increased accuracy in diagnosis of
cysts and tumors of jaws . Al systems are also
diagnosing, detecting, and predicting the prognosis of
oral cancer and differentiating between benign and
malignant ones . CNN is also used to predict

postoperative results for orthognathic surgery and for

segmenting dental images, including teeth, bone and
pathological features which are crucial for surgical
treatment plans 2.

10. Oral CNN are

histopathological images for rapid diagnosis of Oral

pathology- applied to
Squamous Cell Carcinoma *°. They have also been
applied for detection and differential diagnosis of
odontogenic cystic lesions such as ameloblastoma

and odontogenic keratocyst *.

Field Application Benefits

Diagnosis Caries detection, radiograph interpretation High accuracy, faster and reliable diagnostics
Forensics Age and gender estimation from dental X-rays Quick and accurate identification

Radiology Image classification, detection, segmentation Enhanced diagnostic efficiency and precision

Periodontology | Bone loss assessment, disease staging

Precise diagnosis, automated evaluations

Orthodontics Landmark detection, tooth positioning

Saves time, reduces manual errors

Prosthodontics

Implant stage analysis, crown design (CAD)

Supports planning and restoration workflows

Pedodontics

Age estimation, caries and anomaly detection

Early intervention and better treatment timing

Endodontics

Root canal anatomy, fracture and lesion detection

Improved root complexity visualization

Oral Surgery

Surgical planning, tumor and cyst diagnosis

Safer procedures, better outcome predictions

Oral Pathology

OSCC and cyst detection from histological images

Faster, more accurate pathology interpretation

Challenges and Limitations

While CNN shows significant effectiveness in various
applications within dentistry and oral and maxillofacial
surgery, several challenges are highlighted across the
field. Data-Related Challenges of how a smaller dataset
can impact the model accuracy, and this limits the
diversity in data '°. Gathering, processing and labelling
data is a laborious and time-consuming process °.
Standardization and quality of data is required where the
absence of a standard dataset which can be relied upon is
a major hurdle *°. There is a need for standardization of
data per algorithm. Quality of data such as image contrast
or uneven exposure and blurred model performance need

to be monitored *. While CNN can match or even exceed

©2025 1IDSIR, All Rights Reserved

human performance on many tasks, they may have lower
accuracy than experienced clinicians in certain situations
with limited data or specific conditions 2°. Al systems
often require advanced infrastructure, and implementing
Al technology may require adjustments to existing
hardware/software systems and training personnel *°.
Deploying Al technology may involve additional
hardware and software development costs, as well as
maintenance and update costs . Need for external
validation where models trained on specific datasets and
populations from one geographic region may have
limited usage on data from other geographic regions or
populations . Ethical and legal challenges- The use of

Al training data raises concerns about privacy and data
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security, requiring regulations and informed consent. It
also raises questions regarding who is liable if Al
provides incorrect diagnosis 1. There could also be a
sample distribution bias in datasets, which may affect the
model’s fairness and applicability ’. Absence of
Evaluation Standards where lack of Evaluation standard
makes it difficult to compare models effectively across
studies 3.,

Conclusion

In conclusion, CNNs have emerged as a transformative
technology in dental imaging analysis, offering
significant advantages in objectivity, efficiency, and
accuracy across numerous diagnostic tasks in almost all
dental branches. They effectively address challenges
related to subjective

interpretation, early disease

detection, variable image quality, time constraints,

human error, and complex pattern recognition *.
However, their widespread clinical integration is still
hampered by critical limitations, primarily centered
around the availability and quality of large, diverse
annotated datasets, technical issues like robustness and
optimization, and practical barriers related to cost,
infrastructure, training, and ethical considerations 2.
Future research needs to focus on overcoming these
obstacles to fully realize the potential of CNNSs in
enhancing dental care.

Future Perspective

A crucial future direction is the creation of large and
more diverse datasets 2. This includes collecting images
from different populations and geographical regions to
improve the generalizability of models. Conducting
longitudinal studies is necessary to examine the long-
term impact, effectiveness and sustainability of Al
applications 2. Al has potential for further application in
dental identification, forensic dentistry and treatment

planning 3. Al is expected to primarily serve as a decision

©2025 1IDSIR, All Rights Reserved

support mechanism for dentists, helping to alleviate
workload and reduce the possibility of errors, particularly
for less experienced practitioners . Future research aims
to prioritize cross-hospital collaborations to significantly
expand sample sizes and enhance predictive capabilities
23, Encouraging partnerships and collaborations across
various stakeholders, including dental professionals,
technology developers, organizations, and academic
institutions, is considered crucial to streamline the
integration of Al in dentistry 2°. Al can assist clinicians
but not replace them. Human critical thinking and
oversight are necessary.
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