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ABSTRACT

Significant equipment advancements have occurred in the medical field over the years, and medical imaging
technologies such as computed tomography (CT), magnetic resonance imaging (MRI), ultrasound,
mammography, and X-rays are essential for the precise diagnosis and efficient treatment of many diseases.
Artificial intelligence (Al), which is intended to replicate the human brain's capacity to process information and
produce outputs based on data inputs, is becoming more and more prevalent nowadays. Because of its many uses
and enormous promise, artificial intelligence is currently being actively embraced in the healthcare sector.
Diagnostic accuracy may be impacted by rising workloads, the complexity of medical procedures, and the
possibility of human weariness. By increasing productivity and assisting medical and dental personnel in making
better judgments, the incorporation of Al into dental especially oral pathological histopathological imaging
systems helps to lessen this burden. Al systems are faster and more accurate than humans at analysing vast
amounts of data, and they can even more precisely identify some types of cancer. This review proposals a
thorough introduction to artificial intelligence (Al), focuses on current advancements in oral pathology, and
considers potential future uses for Al in Oral pathological lesions.

INTRODUCTION

The way diseases are identified, diagnosed, and treated has changed dramatically as a result of the use of
technology into healthcare. One of the most revolutionary technologies is artificial intelligence (Al), which is
transforming dental science, including the field of oral and maxillofacial pathology, along with its subsets
machine learning (ML) and deep learning (DL)"! These artificial intelligence (Al)-powered tools can process
enormous volumes of dental data quickly and accurately, simulating human cognitive processes and providing
innovative answers to persistent diagnostic problems.? The field of oral and maxillofacial pathology, which
focuses on the diagnosis and investigation of disorders affecting the jaws, mouth cavity, and associated tissues,
greatly depends on the precise interpretation of clinical, radiographic, and histological data.® Despite their
effectiveness, traditional diagnostic techniques are susceptible to human constraints like subjectivity, fatigue,
and inter-observer variability. The need for technologies that can assist oralpathologists in providing accurate,
consistent, and efficient diagnoses is expanding as a result of the complexity and volume of diagnostic data.*
Recent advances in Al and deep learning algorithms have shown tremendous promise in improving diagnosis
accuracy, especially in clinical and histopathological imaging-based system. Convolutional Neural Networks
(CNNs), one type of deep learning model, have demonstrated the ability to classify tissue types, diagnose
malignancies, and detect subtle clinical and histological features in digitized slides with an accuracy that is
comparable to or superior to that of expert oralpathologists.” For example, Al models have been trained to
identify dysplastic lesions, odontogenic cysts , Odontogenic tumours and oral squamous cell carcinoma,
allowing for earlier intervention and improved prognosis. Al is advancing significantly in radiographic analysis
outside of histopathology, helping to identify anomalies in periapical images, panoramic radiographs, and cone-
beam computed tomography (CBCT).¢
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Al technologies assist physicians in making more precise differential diagnoses by automating the recognition
of radiopaque and radiolucent lesions, patterns of bone degradation, and anatomical landmarks.” Clinical data is
being extracted and analysed from patient records using natural language processing (NLP) techniques to help
with clinical decision-making and risk prediction. These systems can provide individualized diagnostic and
therapy recommendations based on pathology reports, genetic predispositions, and patient history when
combined with machine learning algorithms.®

The necessity for scalable, contactless, and effective diagnostic technologies was highlighted by the COVID-19
pandemic, which further spurred the implementation of Al in digital pathology systems and remote diagnostics.
Access to expert pathology services has increased because to the adoption of Al-enabled platforms for computer-
assisted diagnosis (CAD) and telepathology, particularly in underserved areas.” The application of Al to oral and
maxillofacial pathology is still in an initial stage of development, this could be because of data standards, Al
model interpretability, and the requirement for regulatory frameworks. However, the direction is obvious: Al has
the potential to be a useful addition to the diagnostic process, enhancing rather than replacing pathologists'
skills.'?

By going over the most recent research findings, real-world applications, constraints, and potential futures, this
review seeks to examine the present and developing roles of artificial intelligence, machine learning, and deep
learning in oral and maxillofacial pathology. By comprehending the responsible use of these technologies, we
can open the door to more precise, effective, and easily accessible diagnostic procedures in the field of oral
healthcare.

Artificial intelligence types include: includes computer programs made to carry out operations like pattern
recognition, decision-making, and data processing that normally call for human intelligence. At the time, "John
McCarthy" came up with the term "artificial intelligence" and defined it as "the science and engineering of
constructing intelligent machines." In 2020, Russell and Norvig called it "the dawn of artificial intelligence." [9]
There are different types of artificial intelligence as they follow:

e Narrow Artificial Intelligence: Also referred to as Artificial Narrow Intelligence, narrow Al describes
Al systems that are educated and built for particular activities or domains, demonstrating proficiency in
a limited set of tasks.'!

¢ General artificial intelligence: This is the ability to use scarce resources to adapt to open situations in

accordance with specific principles. It highlights how intelligence's ability to adapt or learn is essential.
12

e Super artificial intelligence: refers to a stage of Al advancement where machines are able to perform
better than humans in almost all intellectual tasks. Superior intelligence, self-improvement, emotional
intelligence, and autonomous decision-making are the main traits of ASI. 3

¢ Reactive machine artificial intelligence: Reactive device the most basic type of artificial intelligence
is reactive robots, which are designed to respond to specific inputs without having the capacity to retain
knowledge or learn from previous exchanges. These only function in the here and now, applying preset
rules and processing information as it is received. 3

e Memory Limitations Artificial Intelligence: Memory Limitation Autonomous cars are an example of
Al that can learn from historical data to make decisions, but its memory is temporary. '*

e The theory of mind theory in Artificial Intelligence: In 1996, Carruthers and Smith used the term
artificial intelligence (Al) to describe the capacity to foresee one's own and other people's behaviour. It

is believed that by using theory of mind, we can predict how other people would act in specific situations.
13

Self-Aware Artificial Intelligence: In Al, self-awareness is the ability of an Al system to represent and
comprehend itself as a unique entity, including knowledge of its internal states, functions, and
interactions with the outside world."
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A kind of artificial intelligence called machine learning (ML) allows computer systems to learn from data, spot
trends, and make judgments with little assistance from humans. Artificial neural networks (ANNs), support
vector machines (SVMs), and deep learning models are just a few of the tools that fall under the umbrella of
machine learning (ML). Each of these techniques has a special advantage when it comes to managing complex
and high-dimensional data. '°

There are 4 types of machine learning '

Supervised Algorithms that use a training set of labeled data to learn. Support vector machines and
Learning logistic regression are two examples of supervised learning in action

Unsupervised | Algorithms for finding patterns in data sets that include unlabeled and unclassified data
Learning pieces. Its main foundations are dimensionality reduction and clustering.

Semi- It successfully bridges the gap between supervised and unsupervised learning by utilizing the
supervised wealth of unlabeled data to lessen reliance on expensive labelled samples supplied by human
Learning specialists. The algorithms are self-training and fall under the category of semi-supervised

learning. It can be used to swiftly locate communities, spot unusual activity, or quicken
advertising campaigns.

Deep Machine learning that, instead of depending on manually created features, uses multilayer
Learning artificial neural networks to learn complicated representations straight from raw data.
Convolutional | Image analysis's most popular deep learning architecture. Convolutional filter layers are used
neural by CNNss to identify local and global patterns in images. Pooling and fully connected layers
networks are then used for feature aggregation and classification.

Applications in Oral and Maxillofacial Pathology

* Diagnostic Support: Clinical, radiographic, and histological image analysis using Al and DL models has
shown excellent accuracy. For instance, convolutional neural networks (CNNs) have demonstrated mean
classification accuracies of over 98% when trained to differentiate between benign and malignant oral lesions. !’
With up to 97% prediction accuracy, DL has also been used to identify periodontal diseases and identify oral
malodour. When it comes to malignant tumours, machine learning algorithms have demonstrated great potential
in the diagnosis of oral cavity malignant tumours.'® Clinical professionals and pathologists can use machine
learning (ML) to create predictive models that help them predict when a patient will develop oral and
maxillofacial pathology. These models have proven to be accurate in determining which patients are at high risk
for oral cancer and in forecasting the chance that the disease would return following treatment.

* Prognostic Modeling: Predictive models powered by Al can evaluate the likelihood of oral cancer occurrence,
recurrence, and patient survival. These models help doctors with treatment planning and follow-up scheduling
by combining clinical, histopathological, and genetic data to generate personalized risk evaluations.!” ML-based
predictive modeling makes it possible to identify people who are at risk of developing particular oral disorders.
These models use information from multiple sources, such as imaging, histopathology, and clinical data, to
predict the course of a disease and direct individualized treatment plans.'"’

* Workflow Standardization and Optimization: Even in cases when sample quality is below ideal, Al
techniques reduce diagnostic subjectivity by consistently interpreting histopathology slides. This standardization
lowers diagnostic mistakes and increases inter-observer agreement. 2°

* Computer-Aided Diagnosis (CAD) Systems: Al and DL-powered CAD systems are able to process enormous
datasets, such as textual data, radiographs, and clinical pictures, to provide prompt and accurate diagnostic
recommendations. Al-based diagnostic software produced accurate diagnosis rates in comparison tests that were
on par with those of skilled oral pathologists °.

Recent Advancements:
e Integration of Genomics and Imaging: Al models now enhance precision medicine techniques by

combining genomic and molecular data with imaging to improve the detection of subtle disease
characteristics. %!

Page 3814
www.rsisinternational.org


https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/

) ~
** RSIS ¥

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (1JRSI)
ISSN No. 2321-2705 | DOIL: 10.51244/1JRSI |Volume XII Issue IX September 2025

e Al-driven Image Analysis and Diagnosis: Al models, in particular convolutional neural networks
(CNNs), have shown notable progress in the early diagnosis, prognostic prediction, and detection of oral
illnesses, including potentially malignant lesions and oral squamous cell carcinoma (OSCC). In order to
improve prognostic predictions and diagnostic accuracy, computer vision techniques are being employed
more and more to find patterns in clinical and histological pictures.*?

e Natural Language Processing (NLP) and Clinical Documentation: NLP is being used in clinical do
cumentation to help epidemiological research and surveillance by efficiently extracting pertinent infor

mation from unstructured medical records.>

e Automated Feature Extraction: In identifying minute details in tissue samples that
can be invisible to the human eye, deep learning algorithms enable quicker and more precise diagnosis

24

e Disease Monitoring and Epidemiology Surveillance: Artificial intelligence (Al) applications are enh
ancing oral disease epidemiological surveillance by enabling real-
time monitoring and early disease outbreak or trend detection, which is essential for public health inter
ventions. 24

Different methods with key features and their strength and weaknesses

Techniques Key features Strength Weakness
Traditional Used and extracted features such | interpretable less | Limited performance with
Machine as clinical/demographic variables | computational cost and more | heavy dependency
Learning rather than raw images. It | tractable with small datasets
(TML) requires smaller networks or
simpler models
Deep Learning | Learns features automatically | Higher = accuracy  better | needs large labelled
(DL) from raw image data can do | handling of complex data and | datasets and
classification and segmentation, | ability to generalize given | computationally
detection enough data expensive. Risk of
overfitting; less
interpretability
Transfer Using models trained on large | Speeds up training and also | Domain mismatch and may
Learning & | datasets and then fine-tuning on | helps when data are limited. It | need careful fine-tuning to
Pre-trained oral pathology images. also helps improves | avoid negative transfer.
Models performance vs training from
scratch
Hybrid methods | Extract features via DL, then feed | Good feature learning with

into more interpretable ML
modes for classification or risk
scoring.

more interpretable decision
boundary; useful when full
DL end-to-end is risky or data
limited.

Risk prediction
/ prognostic
models

It can be used demographic,
clinical, imaging or histologic
features to predict malignant
transformation, recurrence,
survival.  Neural  networks,
regression models.

Very clinically relevant and it
can guide treatment planning

Long-term follow up data
needed. It is a good quality
outcome labels need for
external validation.

Limitations of artificial intelligence in relation with Oral & Maxillofacial pathology:

e Why Research on oral and maxillofacial pathology frequently lacks the massive, high-
quality annotated datasets needed for effective Al models.
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e Since many DL models operate as "black boxes," it can be difficult for physicians to comprehend the re
asoning behind predictions.

e Patient privacy, data security, and regulatory compliance must all be carefully considered when implem
enting Al in clinical practice.

Future prospectives of artificial intelligence in relation with Oral & Maxillofacial pathology

e The creation of interpretable models to promote clinician confidence and ease adoption into standard pr
actices

e Bigger, Multicenter Datasets: Institutions work together to create diverse, strong datasets for training an
d validation.

e [Leveraging artificial intelligence to adapt treatment strategies based on individual risk profiles and proj
ected results.

CONCLUSION

The discipline of oral and maxillofacial pathology is undergoing a transformation thanks to artificial intelligence
(Al), specifically through machine learning (ML) and deep learning (DL) approaches. Al provides a potent
supplement to conventional histopathology techniques by improving diagnostic precision, facilitating early
disease diagnosis, and assisting with predictive modelling. Al's incorporation into standard pathology workflows
has promise for increasing productivity, lowering human error, and enabling individualized patient treatment as
it develops further. However, additional validation, standardization, and cooperation between pathologists, data
scientists, and physicians are necessary to achieve its full potential.
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