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Abstract 

Oral cancer remains a global health challenge, with late-stage diagnosis contributing to high 

morbidity and mortality rates. Early detection is critical for improving survival outcomes, but 

traditional diagnostic methods often rely on subjective interpretation and are time-consuming. This 

study investigates the application of artificial intelligence (AI) in the early detection of oral cancer, 

emphasizing its potential to improve diagnostic accuracy and efficiency. A structured literature review 

examined studies published between 2015 and 2025 from databases such as PubMed, Scopus, and 

Web of Science. The review focused on research utilizing machine learning algorithms, particularly 

convolutional neural networks (CNNs), to analyze clinical and imaging data. Key performance 

indicators, including sensitivity, specificity, and accuracy, were evaluated to assess the effectiveness 

of AI technologies. The findings suggest that AI-driven diagnostic systems consistently surpass 

traditional methods, offering enhanced accuracy and reliability. These advancements highlight AI's 

transformative potential in streamlining diagnostic workflows and addressing challenges in resource-

limited settings. In conclusion, AI technology is reshaping the early detection landscape for oral 

cancer, reducing delays, and improving diagnostic precision. However, further research is needed to 

address challenges such as data standardization, model transparency, and ethical considerations to 

facilitate broader clinical adoption. 
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Introduction 

Oral cancer is a major global health concern, ranking among the most common malignancies 

worldwide, with a significant burden in terms of morbidity and mortality. The challenge of late-stage 

diagnosis remains a critical and formidable concern, as such late identification severely curtails the 

available treatment options and, consequently, has a detrimental effect on the overall survival rates of 

affected individuals (Nazar et al., 2019). Even with the outstanding developments made in diagnostic 

technology lately, the time-honored methods still in widespread use, which include clinical 

evaluations and histopathological studies, often present qualities that make them slow, subjective, and 

greatly dependent on the expertise of the clinician carrying out the evaluation. These inherent 

limitations, which are evident in the current diagnostic framework, underscore the pressing necessity 

for the development and implementation of innovative methodologies aimed at enhancing the efficacy 

of early detection of oral cancer (Maryam et al., 2023). 

In recent years, Artificial Intelligence (AI) has emerged as a promising tool in healthcare, 

particularly in medical imaging and diagnostics. Several studies have demonstrated the potential of 

machine learning algorithms, such as convolutional neural networks (CNNs), to analyze medical 
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images with remarkable accuracy (Goswami et al., 2021). An increasing number of studies have 

robustly indicated that diagnostic tools utilizing AI technology can offer critical support to healthcare 

professionals by boosting their capacity to spot tumors, thereby notably cutting down on diagnostic 

wait times, and eventually aiding in better clinical decision-making. Nevertheless, it is important to 

acknowledge that the majority of the existing studies primarily concentrate on narrowly defined 

applications or specific datasets, which results in a notable deficiency in the comprehensive 

evaluation of the multifaceted role that AI could play in the critical early detection of oral cancer 

(Warin et al., 2021). 

The integration of Artificial Intelligence (AI) into healthcare, particularly for early cancer 

detection, offers opportunities to overcome the challenges associated with traditional diagnostic 

methods. AI systems excel in processing and analyzing vast amounts of data, including clinical 

images and patient records, with speed and precision unattainable by conventional methods. This 

capability is particularly valuable in oral cancer detection, where early signs are often subtle and 

easily overlooked. AI’s ability to identify patterns and anomalies in medical data can complement 

clinical expertise, making it a vital tool for enhancing diagnostic accuracy and efficiency (Badawy et 

al., 2023). Despite the promising advancements in AI technology and its applications in oral cancer 

detection, there remains a critical need for comprehensive literature reviews that synthesize existing 

research findings and identify gaps in the current knowledge base. This literature review aims to 

systematically analyze the body of research surrounding the early detection of oral cancer using AI 

technology, focusing on the efficacy, challenges, and future directions of these innovative diagnostic 

approaches. By consolidating evidence from various studies, this review seeks to provide valuable 

insights into the potential of AI to revolutionize diagnostic precision in oral cancer detection and 

ultimately improve patient outcomes (López-Cortés et al., 2022).  

This study aims to address this gap by systematically exploring the role of AI technology in the 

early detection of oral cancer. It seeks to synthesize existing knowledge, assess the effectiveness and 

limitations of AI-driven diagnostic systems, and identify areas requiring further investigation. By 

providing a detailed analysis, this research contributes to a deeper understanding of how AI can 

revolutionize oral cancer diagnostics, offering insights into its potential to enhance clinical outcomes 

and improve patient care. 

 

 

Method 

A comprehensive literature search was conducted across PubMed, Scopus, Web of Science, and 

IEEE Xplore databases. Keywords included "oral cancer," "early detection," "artificial intelligence," 

"machine learning," and "deep learning." Boolean operators (AND, OR) were utilized to refine 

searches. Articles published between 2015 and 2025 were included. The inclusion criteria 

encompassed peer-reviewed articles that specifically evaluated AI-based diagnostic tools for oral 

cancer, provided performance metrics such as sensitivity, specificity, and accuracy, and focused on 

early detection. Excluded studies included non-English publications, research without original data, 

and reviews or meta-analyses. The retrieved articles underwent a meticulous screening process, 

starting with titles and abstracts, followed by full-text reviews to ensure they met the defined criteria. 
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Results 

Mahmood et al. conducted a comprehensive overview of AI-based methods in head and neck 

cancer diagnosis, noting that certain studies achieved remarkable recognition rates (Mahmood et al., 

2021). The advanced method of hyperspectral imaging (HSI) was employed in the research study, 

which is an intricate technique that captures and analyzes a diverse range of light reflected from 

objects, to effectively discern between the features of normal and cancerous tissues specifically 

situated within the anatomical layout of the tongue, leading to an outstanding recognition rate of 

96.5%, thereby highlighting the possible effectiveness of this imaging technology in a clinical 

environment (Shubayr et al., 2021). In a systematic review and meta-analysis by Kim et al., the 

efficacy of AI-assisted discrimination of oral cancerous lesions from normal mucosa was evaluated. 

The review highlighted that AI technologies, particularly those based on autofluorescence imaging 

and optical coherence tomography (OCT), have shown promising results in early detection, with 

reported accuracy rates varying between 85% to 95% across different studies. This indicates that AI 

can significantly augment traditional diagnostic methods, leading to earlier and more accurate 

identification of oral cancer (Nazar et al., 2019).  

AI applications using medical imaging techniques such as computed tomography (CT) and 

magnetic resonance imaging (MRI) demonstrated diagnostic accuracies ranging from 80% to 90%, 

underscoring the reliability of AI in clinical settings (Shadid et al., 2022). In contrast, a systematic 

review by Khanagar et al. reported that while AI technologies show promise, there are challenges 

related to the generalizability of results and the potential for bias in AI algorithms. The review 

emphasized the need for further validation studies to establish the robustness of AI applications in 

diverse clinical populations. This highlights an important consideration in the implementation of AI in 

clinical practice, as variations in study design and patient demographics can impact the accuracy of AI 

models (Khanagar et al., 2021). 

 

Sensitivity in Oral Cancer Detection Using AI Technology 

Sensitivity is a critical metric in diagnostic testing, refers to the ability of a test to correctly 

identify individuals with a disease. In the context of oral cancer detection using artificial intelligence 

(AI) technology, sensitivity is particularly important as it directly impacts the likelihood of early 

diagnosis and subsequent treatment outcomes. The application of AI in this field has shown promising 

results, with reported sensitivity values ranging from 85% to 97% across various studies. Early 

detection of oral cancer is crucial for improving survival rates and reducing morbidity. Traditional 

diagnostic methods, such as visual examinations and cytology, often fall short in sensitivity, leading 

to delays in diagnosis and treatment (Jubair et al., 2022). 

AI model which utilized deep convolutional neural networks (CNNs), achieved a sensitivity of 

95% in detecting oral lesions, significantly improving the chances of early diagnosis. This high 

sensitivity is attributed to the model's ability to analyze complex image data and recognize patterns 

that may be indicative of malignancy (Warin et al., 2022). AI algorithms applied to intraoral 

photographs not only matched the diagnostic performance of specialist physicians but also 

demonstrated superior sensitivity compared to general practitioners. This suggests that AI can serve as 

a valuable adjunct in clinical settings, particularly in areas with limited access to specialized care 

(Aubreville et al., 2017). 

 

Specificity in Oral Cancer Detection Using AI Technology 

Specificity is a crucial metric in the evaluation of diagnostic tests, defined as the ability of a test 

to correctly identify individuals who do not have the disease. In the context of oral cancer detection 

using artificial intelligence (AI) technology, high specificity is essential to minimize false positive 

results, which can lead to unnecessary anxiety, additional testing, and invasive procedures for 
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patients. High specificity is particularly important in oral cancer detection due to the potential 

consequences of misdiagnosis. False positives can result in patients undergoing unnecessary biopsies 

or treatments, which can have physical, emotional, and financial implications. Therefore, AI systems 

designed for oral cancer detection must be adept at distinguishing between malignant and benign 

lesions to ensure that only those with cancer are identified as positive cases (Mahmood et al., 2021). 

Recent advancements in AI technology have led to the development of various methodologies aimed 

at improving specificity in oral cancer detection.The advanced method of hyperspectral imaging (HSI) 

was employed in the research study, which is an intricate technique that captures and analyzes a 

diverse range of light reflected from objects, to effectively discern between the features of normal and 

cancerous tissues specifically situated within the anatomical layout of the tongue, leading to an 

outstanding recognition rate of 96.5%, thereby highlighting the possible effectiveness of this imaging 

technology in a clinical environment (Shadid et al., 2022).  

AI-assisted discrimination of oral cancerous lesions from normal mucosa was evaluated, 

revealing that AI technologies based on autofluorescence imaging and Optical Coherence 

Tomography (OCT) achieved specificity rates ranging from 82% to 95%. These findings underscore 

the potential of AI to enhance diagnostic accuracy while minimizing misdiagnosis. Despite the 

advancements in AI technology, achieving high specificity remains a challenge. Variability in 

specificity outcomes can arise from differences in study design, sample size, and the algorithms 

employed. For example, while some studies report specificity rates exceeding 90%, others may 

present lower values due to factors such as the quality of input data and the complexity of the lesions 

being analyzed (Jeyaraj et al., 2020). Additionally, the potential for algorithmic bias must be 

considered. AI models trained on non-representative datasets may exhibit reduced specificity in 

diverse populations, leading to disparities in diagnostic accuracy (Jeyaraj et al., 2020; Nazar et al., 

2019). 

 

Accuracy in Oral Cancer Detection Using AI Technology 

Accuracy is a critical measure in evaluating the performance of diagnostic tests, defined as the 

proportion of true results (both true positives and true negatives) among the total number of cases 

examined. In the context of oral cancer detection using Artificial Intelligence (AI) technology, high 

accuracy is essential for ensuring reliable diagnoses that can lead to timely and effective treatment. 

The accuracy of a diagnostic tool directly influences clinical decision-making and patient outcomes. 

In oral cancer, where early detection is crucial for improving survival rates, accurate diagnostic 

methods can significantly affect treatment pathways. Traditional diagnostic approaches, such as visual 

examinations and biopsies, often have limitations in accuracy due to subjective interpretations and 

variability among practitioners. AI technologies, particularly those utilizing machine learning and 

deep learning algorithms, have the potential to enhance accuracy by analyzing large datasets and 

identifying patterns that may be missed by human observers (Shubayr et al., 2021). 

AI models, particularly those based on autofluorescence imaging and optical coherence 

tomography (OCT), consistently achieved accuracy rates exceeding 90%. This level of accuracy is 

particularly noteworthy, as it suggests that AI can serve as a reliable adjunct to traditional diagnostic 

methods, potentially leading to earlier and more accurate identification of malignant lesions (Kim et 

al., 2022). AI-assisted diagnostic tools could provide non-invasive and cost-effective solutions for 

detecting oral squamous cell carcinoma (OSCC), achieving accuracy rates comparable to those of 

specialized practitioners (García-Pola et al., 2021). Despite the advancements in AI technology, 

achieving consistently high accuracy in oral cancer detection remains a challenge. Variability in 

accuracy outcomes can arise from differences in study design, sample size, and the specific 

algorithms employed. For instance, while some studies report accuracy rates exceeding 95%, others 

may present lower values due to factors such as the quality of input data and the complexity of the 
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lesions being analyzed. Additionally, the potential for algorithmic bias must be considered. AI models 

trained on non-representative datasets may exhibit reduced accuracy in diverse populations, leading to 

disparities in diagnostic performance (Dutta et al., 2024). 

 

 

Discussion 

The integration of artificial intelligence (AI) in the detection of oral cancer has shown 

promising results, as evidenced by the sensitivity, specificity, and accuracy metrics reported in recent 

studies. The findings indicate that AI technologies can significantly enhance diagnostic capabilities, 

potentially leading to earlier detection and improved patient outcomes. The application of AI in oral 

cancer detection posits that machine learning algorithms can analyze complex datasets more 

effectively than traditional diagnostic methods, leading to improved accuracy in identifying malignant 

lesions. Recent studies have demonstrated that AI systems can achieve accuracy rates exceeding 90%, 

which aligns with the hypothesis that AI can enhance diagnostic performance in oncology. Advanced 

machine learning algorithms are revolutionizing the field of oncology, particularly in the diagnosis of 

oral cancer, with accuracy levels rivaling those of experienced specialists. This finding reinforces the 

argument that AI can bridge the gap in diagnostic capabilities, particularly in settings where access to 

specialized care is limited (Shadid et al., 2022). 

Deep convolutional neural networks (CNNs) could significantly improve the detection of oral 

lesions, achieving high accuracy rates that surpass traditional methods. This aligns with the theoretical 

framework that posits AI's ability to process large volumes of data and recognize patterns that may 

elude human observers. The integration of multimodal imaging techniques has shown to enhance the 

accuracy of AI systems in detecting oral cancer. The combination of different imaging modalities 

allows for a more comprehensive assessment of lesions, thereby improving diagnostic outcomes. This 

finding is consistent with the hypothesis that leveraging diverse data sources can enhance the 

robustness of AI models (García-Pola et al., 2021). While the findings from recent studies largely 

support the efficacy of AI in oral cancer detection, there are notable conflicts and challenges that 

warrant discussion. For instance, some studies have reported variability in accuracy outcomes, with 

certain AI models exhibiting lower performance in specific populations or settings. This variability 

can be attributed to differences in training datasets, algorithmic approaches, and the complexity of the 

lesions being analyzed (Shadid et al., 2022). 

Despite its immense potential, integrating AI into routine clinical practice is not without 

challenges. One prominent issue is the lack of standardized and high-quality datasets for training and 

validating AI models. Variability in imaging techniques, resolutions, and clinical protocols across 

studies poses a significant hurdle to the generalizability of these algorithms. Moreover, the 

interpretability of AI models remains a critical concern. Black-box algorithms, while effective, may 

not provide clinicians with the transparency needed to trust and rely on their recommendations, 

thereby impeding broader adoption (Shadid et al., 2022). Additionally, ethical considerations 

surrounding the use of AI in clinical decision-making have been raised. The implementation of 

advanced machine learning techniques aimed at predicting survival outcomes among patients 

diagnosed with cancer inevitably gives rise to a plethora of ethical inquiries concerning the broader 

implications associated with the accuracy of prognostic assessments and their potential impact on 

patient treatment pathways. This prevailing concern starkly emphasizes the paramount importance of 

rigorously addressing the multifaceted ethical dimensions that accompany the deployment of artificial 

intelligence technologies in healthcare settings, thereby ensuring that the welfare and best interests of 

patients are consistently prioritized above all else (Karadaghy et al., 2019). 

Collaborative efforts between clinicians, data scientists, and regulatory authorities are essential 

to overcoming these barriers. Clinicians must actively participate in the development and validation of 
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AI tools, ensuring that these technologies are tailored to practical clinical needs. Furthermore, 

interdisciplinary research initiatives focusing on explainable AI models can enhance trust and 

usability. Regulatory authorities, on the other hand, must establish comprehensive guidelines that 

balance innovation with patient safety and ethical considerations. The future of AI in oral cancer 

detection lies in its integration into multidisciplinary workflows (Khanagar et al., 2021). AI has the 

potential to complement, rather than replace, clinical expertise, serving as a decision-support tool that 

enhances diagnostic accuracy and efficiency. With advancements in technology, such as federated 

learning and cloud-based platforms, the scalability and accessibility of AI systems can be further 

improved. By addressing existing challenges and fostering collaboration across disciplines, AI 

technology can play a pivotal role in reducing the global burden of oral cancer and improving patient 

outcomes. 

 

 

Conclusion 

Technologies driven by AI exhibit a remarkable potential to fundamentally modify and 

optimize the processes concerned with the early detection of oral cancer, which could consequently 

foster considerable advancements in the accuracy of diagnoses as well as the overall operational 

efficiency of detection methods employed in clinical practices. To truly capitalize on their potential 

clinical advantages, it is crucial that upcoming research efforts focus on creating and refining 

standardized datasets that can be utilized globally, enhancing model transparency to foster 

comprehension and confidence in AI technologies, and thoroughly examining the ethical concerns 

that could emerge from the use of these innovations. By proactively addressing and tackling these 

multifaceted challenges, artificial intelligence can assume an essential and transformative role in 

significantly alleviating the global burden associated with oral cancer, ultimately contributing to 

improved health outcomes on a worldwide scale. 
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