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Abstract

Histopathological diagnosis, crucial in detecting diseases like cancer, often suffers from variability due to its subjective nature. 

Artificial intelligence (AI), particularly machine learning and deep learning, is transforming this field by enhancing diagnostic 

accuracy and efficiency. This article reviews the recent advancements of AI in histopathological diagnosis, with a focus on 

digital pathology and oral lesions. AI has demonstrated potential in automating tasks, improving tumor detection, and 

supporting differential diagnosis, particularly in oral pathology. However, challenges such as the need for diverse datasets, 

model interpretability, and ethical considerations persist. Future developments are expected to enhance AI's capabilities, 

offering more personalized medicine and improved patient outcomes, thereby revolutionizing the practice of histopathology.
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Introduction

Histopathological diagnosis remains the gold standard for 

identifying and characterizing various diseases, particularly 
(1)in oncology.  This critical process involves the microscopic 

examination of tissue samples to detect cellular and 

architectural changes indicative of pathological conditions. 

However, the subjective nature of histopathological 

assessment can lead to interobserver variability, potentially 
(2)affecting diagnostic accuracy and patient outcomes.  

Artificial intelligence (AI), particularly machine learning 

and deep learning algorithms, has emerged as a powerful tool 

in medical fields, including pathology. AI systems can 

analyze vast amounts of histopathological data, potentially 

enhancing diagnost ic  accuracy,  eff ic iency,  and 

reproducibility. These technologies are being developed to 

assist pathologists in various tasks, from automated 

screening and classification to quantitative analysis of tissue 
(3)features.

This short communication aims to highlight recent 

advancements in AI applications for histopathological 

diagnosis, focusing on current trends and future perspectives. 

We will explore how AI is being integrated into digital 

pathology workflows, its potential to augment pathologists' 

capabilities, and the challenges that need to be addressed for 

widespread clinical adoption. By examining these 

developments, we seek to provide insights into the evolving 

landscape of AI-assisted histopathology and its potential 

impact on improving patient care.

Current Applications of AI in Histopathology

Artificial Intelligence (AI) in histopathology primarily 

utilizes machine learning and deep learning techniques to 

analyze whole slide images (WSIs) and extract meaningful 

information. The key AI techniques employed include 

machine learning and deep learning. Traditional machine 

learning algorithms, such as support vector machines and 

random forests, are used for tasks like feature extraction and 

classification. These methods often require hand-crafted 

features and can be effective for specific, well-defined tasks. 

Deep learning, particularly Convolutional Neural Networks 

(C N Ns),  has become the dominant  approach in 

histopathological image analysis. CNNs can automatically 

learn relevant features from raw image data, making them 
(4)highly effective for complex pattern recognition tasks.  

Transfer learning is a technique that allows models trained on 

large datasets to be fine-tuned for specific histopathological 

tasks, enabling effective learning even with limited labeled 
(3)data.

AI is currently being applied to enhance various aspects of 

histopathological diagnosis. One being tumor detection and 

classification. AI algorithms can automatically detect and 

classify tumors in WSIs, assisting pathologists in cancer 

diagnosis and grading. For instance, deep learning models 

have shown promising results in detecting and grading 
(3)prostate cancer.  Another application would be pattern 

recognition. AI systems can recognize complex histological 

patterns that may be challenging for human observers to 

consistently identify. This capability is particularly useful in 
(4)the diagnosis of rare or complex cases.  AI also enables 

precise quantification of histological features such as nuclear 

morphology, mitotic count, and biomarker expression. This 

provides more objective and reproducible measurements 

compared to manual assessment. Thus helpful in quantitative 
(3)analysis.

Artificial intelligence (AI) is transforming the field of oral 

pathology by providing innovative tools for the diagnosis and 
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prognosis of various oral conditions, including oral 

squamous cell carcinoma (OSCC) and potentially malignant 

disorders. Recent studies have explored the application of 

machine learning and deep learning techniques in analyzing 

digital histopathological images and clinical photographs, 

aiming to enhance diagnostic accuracy, reduce subjectivity, 

and improve clinical outcomes. For instance, a review on 

digital histopathological image analysis in OSCC highlights 

how AI can assist in tumor differential diagnosis and 

prognosis by objectively interpreting histomorphological 

digital slides. The authors note that AI has proven helpful in 

analyzing histopathological images of tumors and other 

lesions, though more research is needed for clinical 
(5)validation.  Another study developed a machine learning 

model to classify images of normal mucosa versus suspected 

oral cancer or potentially malignant disorders. While the 

model's performance (25.4% mean average precision) was 

lower than some previous studies, the authors acknowledge 
(6)its potential clinical importance as a diagnostic aid.  

Additionally, AI-based software called Diagnosis Oral 

Diseases Software (DODS) has been introduced for 

diagnosing oral  diseases  based on cl inical  and 

histopathological data inputs. This software was trained on 

28 oral diseases using 2,850 images and 11,200 text inputs. 

While its accuracy was slightly lower than that of expert oral 

pathologists, it showed potential as a reliable diagnostic 
(7)guidance tool.  In another study, three CNN models 

(Xception, ResNet152V2, and EfficientNetB3) were 

evaluated for distinguishing between oral lichen planus 

(OLP) and non-OLP lesions using clinical photographs. The 

Xception model showed the best performance, with the 

highest overall accuracy (88%) and F1-score (89%), 

outperforming the others by up to 6%. While EfficientNetB3 

excelled at identifying OLP images, it had more errors with 

non-OLP cases. Misclassifications were observed across all 

models, with different types of lesions being incorrectly 

identified. Despite some lower sensitivity and specificity 

scores, the CNN models demonstrated satisfactory 

performance in diagnosing OLP and non-OLP with a limited 
(8)dataset.  Another study developed a deep learning model 

combining darkfield visible and infrared (IR) imaging to 

segment oral potentially malignant disorders (OPMD) in 

unstained biopsies. The combined approach achieved high 

accuracy (94.5%) and F1 score (0.823), demonstrating its 

potential for rapid, label-free histopathology. While it 

showed promise in distinguishing between dysplastic and 

non-dysplastic epithelium, further validation on larger, 

diverse datasets is needed. This model could enhance the 

early detection of dysplasia, improving patient outcomes and 

streamlining clinical workflows by reducing reliance on 
(9)traditional staining and interpretation methods.

Overall, these studies demonstrate the growing potential of 

AI in oral pathology, from aiding in the differential diagnosis 

of tumors and identifying dysplastic changes to developing 

comprehensive diagnostic tools like DODS. While these AI 

models and software have shown promising results in terms 

of accuracy and reliability, further research, particularly 

clinical validation on larger and more diverse datasets, is 

essential to ensure their efficacy and integration into routine 

clinical practice. As AI continues to evolve, it holds the 

promise of enhancing diagnostic precision, reducing costs, 

and ultimately improving patient care in oral pathology.

Future perspectives

The future of AI in diagnosing oral lesions looks promising, 

with advancements in machine learning and deep learning 

poised to revolutionize clinical workflows. Future AI models 

are expected to become more accurate and reliable as they are 

trained on larger, more diverse datasets that encompass a 

wide range of oral pathologies and patient demographics. 

The development of AI algorithms capable of distinguishing 

subtle histomorphological differences could reduce 

diagnostic errors and improve inter-observer agreement 

among pathologists. AI could also facilitate personalized 

medicine by predicting patient-specific disease progression 

and treatment responses, ultimately improving outcomes and 

allowing for more tailored therapeutic strategies. As these 

technologies advance, regulatory approval and clinical 

validation will be crucial to their widespread adoption, 

ensuring they are safe, effective, and beneficial for patient 
(10)care.

Conclusion

The integration of artificial intelligence into histopathology 

represents a significant advancement in medical diagnostics, 

with the potential to enhance accuracy, reduce variability, and 

streamline workflows. Recent studies demonstrate the 

capability of AI in various aspects of histopathological 

diagnosis, particularly in oral pathology, by providing tools 

that support differential diagnosis, quantitative analysis, and 

automated detection of histological features. Despite the 

promising results, several challenges need to be addressed to 

facilitate the widespread adoption of AI in clinical practice. 

These include ensuring robust model training on diverse and 

well-annotated datasets, addressing ethical concerns related 

to AI deployment, and achieving regulatory approval 

through rigorous clinical validation. Looking forward, the 

continued evolution of AI technologies, coupled with 

advancements in computational power and data availability, 

is expected to further refine these tools, making them more 

accurate and clinically relevant. As AI becomes increasingly 

integrated into pathology workflows, it holds the promise of 

enhancing diagnostic precision, enabling personalized 

medicine, and ultimately improving patient care across 
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various medical disciplines.
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