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Abstract
Artificial Intelligence (AI) is transforming oral pathology, enhancing diagnostic 
precision, efficiency, and workflow automation. AI subfields such as machine 
learning (ML), deep learning (DL), and natural language processing (NLP) are  
transforming the field by improving disease detection, classification, and 
prognosis. This review highlights AI's key applications, benefits, and challenges  
in oral pathology. Despite AI’s potential to standardize pathology practices 
and improve patient outcomes, ethical concerns, data privacy issues, and 
integration challenges remain barriers. Future advancements in AI-driven 
predictive modeling, histopathology automation, and digital pathology platforms  
will further enhance clinical decision-making and oral disease management.
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Introduction
Oral pathology involves diagnosing diseases affecting 
the oral and maxillofacial region. Conventional 
diagnostic methods rely on histopathological analysis 
and imaging, which can be time-consuming and 
subjective.¹ AI has emerged as a transformative tool in 
healthcare, enhancing diagnostic accuracy, workflow 
efficiency, and patient care.² Artificial Intelligence 
(AI) is the science and engineering of creating 
intelligent machines that mimic human cognitive 
processes, such as learning and problem-solving, 
by following algorithms or a set of rules. AI systems 
function in an intentional, intelligent, and adaptable 
way because they can either foresee problems  
or address them as they arise. AI is a collection 
of subfields (including machine learning and deep 
learning) that, either separately or in combination, 
provide applications intelligence. It is not a single, 
all-pervasive, universal technology.3

     
AI-powered tools such as Machine Learning (ML),  
Deep Learning (DL), and Natural Language 
Processing (NLP) provide automated solutions for 
detecting oral squamous cell carcinoma (OSCC), 
precancerous lesions, and periodontal diseases.4

This review explores the role of AI in oral pathology, 
focusing on technological advancements, appli- 
cations, benefits, and challenges.

AI Technologies in Oral Pathology
AI technologies used in oral pathology include.

Machine Learning
Uses algorithms to detect histopathological patterns 
and improve classification accuracy⁴. It is a crucial 
subset of AI that allows computers to recognize 
patterns in data without the need for explicit 
programming.5

Deep Learning
Deep learning, particularly through convolutional 
neural networks (CNNs), enables the analysis of 
complex histopathological patterns in whole-slide 
images (WSIs)⁵. Deeper layers in CNNs recognize 
complicated elements like structures in images, 
while early layers identify simple properties like 
edges and colors. CNNs are perfect for image 
detection and analysis because of their architecture.5

Natural Language Processing
As the nexus of artificial intelligence and linguistics, 
NLP can comprehend spoken and written human 
language. NLP techniques have shown promise 
in effectively extracting and standardizing data for 
convenient use in research and clinical contexts.6 It 
automates analysis of pathology reports to reduce 
diagnostic errors.7 

Computer Vision
Aids in automated tumor detection and disease 
classification in histological slides.⁷

Applications of AI in Oral Pathology
Digital Pathology & Image Analysis
AI-powered digital pathology platforms improve 
diagnostic accuracy and automate WSI interpretation. 
Studies show AI detects OSCC with high sensitivity, 
reducing misclassification rates.⁸

AI in Oral Disease Diagnosis
AI is being used to diagnose

Oral Cancer
AI-enhanced histopathology identifies cancerous 
tissues earlier⁹. Using clinical photos captured by 
standard cameras, Wang, Liu, and Wu demonstrate a 
noteworthy breakthrough in the use of AI for the early 
detection of oral cancer. To improve the accuracy 
and effectiveness of diagnostic procedures, the 
suggested approach combines a deep belief network 
(DBN) with a combined group teaching optimization 
(CGTO) algorithm. In order to increase the quality of 
the raw picture data, this hybrid technique includes 
preliminary preprocessing processes including 
noise reduction and contrast enhancement. The 
CGTO method is then used to optimize the DBN, 
resulting in improved diagnostic performance. With 
an F1 score of 94.65%, a Matthews correlation 
coefficient of 94.65%, an accuracy rate of 97.71%, 
and a sensitivity rate of 92.37%, the study produced 
impressive results.10

By examining patient hyperspectral photos, Jeyaraj 
and Samuel Nadar created a DL algorithm for an 
automated computer-aided oral cancer detection 
method in 2019. For 100 image datasets, they 
achieved 91.4% classification accuracy, 0.94 
sensitivity, and 0.91 specificity.11  By classifying the 
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histopathological tissue sections into normal, OSF 
without dysplasia, and OSF with dysplasia, Krishnan 
et al. attempted to increase the classification 
accuracy based on textural aspects. When texture 
and higher-order spectra were combined, the 
accuracy was 95.7%, the sensitivity was 94.5%, 
and the specificity was 98.8%. In addition, they have 
developed an oral malignancy index, which is a 
single figure that aids physicians in more objectively 
identifying benign and malignant oral lesions.12 

Periodontal Disease
AI-based imaging predicts bone loss and disease 
progression.13

AI in Predictive Modeling and Prognostics
AI models predict disease progression, recurrence, 
and treatment response. These models integrate 
histopathological and genomic data to assess cancer 
prognosis.⁴

Benefits of AI in Oral Pathology
Increased Diagnostic Accuracy: 
AI reduces human errors and enhances precision.³

Standardization & Automation
AI ensures consistency in pathology reports and 
histological grading.²

Workflow Efficiency
AI automates slide analysis, reducing diagnostic 
time.7

Potential to improve outcomes based on Early 
Detection: AI-driven early disease detection 
improves survival rates.9

Challenges and Limitations
Data Availability Issues
AI requires large, high-quality datasets, which are 
often unavailable.8

Ethical & Regulatory Concerns
Patient privacy, bias in AI models, accountability 
in the event of AI-induced errors, and lack of 
standardization hinder AI adoption.4,5

Integration Barriers
AI implementation requires adaptation to existing 
pathology systems.⁶

Black Boxes
AI systems frequently operate as "black boxes," 
which might be challenging for clinicians to 
comprehend how they arrive at a specific conclusion. 
In a clinical context, understanding the rationale 
behind a diagnosis or prognosis is essential, making 
it difficult when the rationale is unclear. The goal 
should be to create interpretable AI models, or at 
the very least, models that offer some insight into 
decision-making. It's unclear who is accountable if 
an AI system malfunctions and causes harm—the 
clinician, the AI system's creators, or the organization 
that put it into use. To solve these problems, certain 
rules and regulations are required.4

Generalization of Results is a Clinical Challenge 
in AI:
When underspecified, expressive machine learning 
models—particularly deep neural networks—are 
vulnerable to overfitting, which occurs when they 
depend too much on low-level features and discover 
erroneous correlations in a dataset. Additionally, 
algorithmic biases resulting from training data 
that lacks diversity or reflects cultural prejudices 
may make models less able to generalize to 
underrepresented groups. In clinical applications, 
these issues are made worse by high-dimensional 
datasets that include biological system uncertainties, 
are frequently tiny and noisy, have a lot of missing 
values, and might not be representative of the target 
population.13

Future Perspectives
•	 Advanced AI Algorithms: Refined architectures 

and larger annotated datasets will enhance 
deep learning performance.14

•	 Explainable AI (XAI): Enhancing transparency 
in AI decision-making.15

•	 Integration into Digital Pathology Systems: AI-
powered telepathology for remote diagnosis.²

Conclusion
AI is revolutionizing oral pathology by enhancing 
diagnostic precision, efficiency, and workflow 
automation. AI models reduce human errors, 
standardize pathology workflows, and improve 
patient outcomes. Despite challenges, ongoing 
research and advancements in AI technology will 
facilitate seamless integration into routine pathology 
practice, supporting early disease detection and 
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personalized treatment planning. The effective 
collaboration between clinicians, data scientists, and 
policymakers fosters interdisciplinary collaboration, 
crucial for effective AI implementation in healthcare.
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