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ABSTRACT

Oral cancer represents a significant global health challenge with rising incidence and mor-
tality rates in various regions. The prognosis of oral cancer significantly increases if it is
diagnosed in early stages. Artificial intelligence (Al) has demonstrated significant poten-
tial in enhancing early oral cancer diagnosis through various applications, revolutionizing
the field of oral pathology. These innovative approaches are transforming the way
healthcare professionals detect, asses and mange the cases of oral cancer cases, potentially
leading to improved patient outcomes and reduced mortality rates. This brief communica-
tion explores the integration Al in the early diagnosis of oral cancer, highlighting recent
advancements and potential future applications. The study reviews current methodologies
employing Al technologies, such as machine learning and deep learning algorithms, to
enhance the accuracy and efficiency of oral cancer detection. It discusses the role of Al in
analyzing clinical images, patient data, and other diagnostic tools, emphasizing its ability
to identify precancerous lesions and reduce diagnostic delays.
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Introduction

The advent of artificial intelligence (Al) in medical di-
agnostics has heralded a transformative era, particularly
in the early detection of oral cancer, a condition often
associated with high morbidity and mortality rates [1].
Early diagnosis is paramount in improving patient out-
comes, as the survival rate for oral cancer significantly
increases when detected at its initial stages [1-2]. Tradi-
tional diagnostic methods, while valuable, often suffer
from limitations such as subjective interpretations and
the necessity for invasive procedures. In contrast, Al
technologies, including machine learning algorithms
and image recognition systems, offer innovative solu-
tions by enhancing accuracy and efficiency in identify-
ing potential malignancies [3-5]. By analyzing vast da-
tasets and recognizing patterns indiscernible to human
observers, Al not only aids in prompt diagnosis but also
holds the promise of reducing healthcare costs and op-
timizing clinical workflows. Thus, exploring the role of
Al in oral cancer diagnostics is crucial for understand-

ing its potential to revolutionize contemporary medical
practices [4, 6].

Overview of oral cancer and its significance in public health

Oral cancer, primarily manifesting as oral squamous cell
carcinoma (OSCC), is a significant public health con-
cern, particularly given its rising incidence and mortali-
ty rates [2]. While it comprises a relatively small share
of malignant neoplasms, its impact is profound, espe-
cially in regions such as the South East Asia, where
current epidemiological data on precancerous lesions
remain sparse and unreliable [2, 5-7]. Effective man-
agement relies heavily on early diagnosis, yet traditional
screening methods, such as visual examinations, lack
evidence supporting their efficacy in significantly re-
ducing mortality or preventing disease progression [8].
This highlights an urgent need for innovative diagnostic
approaches. The application of Al in this domain may
offer transformative potential; Al and machine learning
have demonstrated promising capabilities in improving
diagnostic precision and prognostic predictions for
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OSCC, underscoring their significance in public health
strategies. Embracing these technologies could redefine
clinical practices and enhance patient outcomes [8-10].
The Role of Artificial Intelligence in Medical Diagnostics

The role of Al into medical diagnostics has the potential
to revolutionize early detection methods, particularly in
the context of oral cancer [4-5, 10]. By leveraging ad-
vanced techniques such as deep learning and neural
networks, Al can significantly enhance diagnostic preci-
sion, surpassing traditional methodologies [10-12]. For
instance, studies indicate a marked increase in Al-
related publications focusing on dental applications,
highlighting a trend toward improved accuracy in de-
tecting various pathologies, including oral cancer [6].
This evolution is critical, as timely diagnosis can drasti-
cally influence patient outcomes [4, 10]. Additionally,
the accessibility of electronic clinical data and big data
analytics allows for the comprehensive analysis neces-
sary to implement Al solutions effectively within
healthcare systems. Coupled with a commitment to eth-
ical standards, Al not only fosters better clinical out-
comes but also aligns with the overarching goal of ele-
vating patient care in the dental field [11].

Overview of Al technologies used in healthcare

Al technologies have significantly transformed healthc-
are, particularly in diagnostic sectors such as oral cancer
detection [13]. The integration of machine learning,
particularly through algorithms like convolutional neu-
ral networks (CNNs) and artificial neural networks
(ANNSs), facilitates enhanced analysis of radiographic

images, enabling earlier and more accurate diagnosis of
conditions, including oral cancers [14-16]. These ad-
vancements enhance not only the diagnostic precision
but also streamline the workflow for healthcare profes-
sionals, addressing the increasing demand for efficient
patient care (Figure 1). With the rapid increase in Al-
related research in the last five years, applications of Al
extend to personalized treatment planning, predictive
analytics, and real-time decision support during clinical
procedures. Consequently, Al is not merely an auxiliary
tool but is becoming integral to redefining clinical prac-
tices and improving patient outcomes, solidifying its
role in the early diagnosis and management of oral can-
cer [10, 14, 17].

Applications of Al in Oral Cancer Detection

The integration of Al technologies in oral cancer detec-
tion represents a significant advancement in medical
diagnostics, offering enhanced accuracy and efficiency.
Al, particularly through machine learning algorithms,
enables the analysis of radiographic and optical images
to identify malignant lesions at early stages, thereby
improving patient outcomes [14-15, 18]. The deploy-
ment of Al in this realm not only facilitates automated
diagnostic processes, reducing the burden on healthcare
professionals, but also minimizes human error associat-
ed with traditional methods [14]. For example, advanc-
ements in dental imaging powered by Al have shown
the potential to streamline diagnosis and treatment plan-
ning, helping to reduce costs and time considerably [17-
19]. However, it is crucial to ensure the correct applicat-

Figure 1: The schematic chart shows an algorithm that can be used for the diagnosis of oral cancer with Al
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ion of these technologies; improper use of genetic algo-
rithms, for instance, can lead to suboptimal solutions in
medical diagnosis, highlighting the need for rigorous
implementation and training in Al methodologies [19].
Case studies demonstrating Al's effectiveness in early diagnosis
The integration of Al in the early diagnosis of oral can-
cer has been significantly demonstrated through various
case studies showcasing its superior diagnostic capabili-
ties compared to traditional methods. For instance, the
application of ANNSs has proven effective in predicting
health outcomes, such as differentiating between benign
and malignant oral lesions with an impressive accuracy
of 87.3% in specific studies [20]. Furthermore, recent
literature highlights the remarkable advancements in Al
technologies including deep learning and CNNs ,which
have dramatically enhanced radiographic analysis and
diagnostic precision in dentistry. These innovations not
only facilitate timely interventions but also optimize
treatment planning, significantly improving patient
prognosis [14, 18, 20-21]. Collectively, these case stud-
ies underscore the transformative potential of Al tech-
nologies in revolutionizing early detection capacities,
ultimately leading to better clinical outcomes in oral
cancer management [19].

Limitations of Al in Diagnosis

The integration of Al in the early diagnosis of oral can-
cer holds great promise; however, numerous technical
limitations hinder its efficacy and clinical applicability
[17]. Despite advancements in machine learning algo-
rithms, such as support vector machines and ANNSs, the
variability in specificity and sensitivity across studies
remains a significant concern, indicating inconsistent
diagnostic performance in different clinical settings.
Additionally, the complexity of oral cancer’s heteroge-
neous biological characteristics poses challenges for Al
systems striving for accurate classification and predic-
tion [14-17]. The reliance on large datasets for training
these models often leads to issues of over- fitting, which
diminishes their generalizability to new cases [22]. Fur-
thermore, the lack of standardization in data collection
and analysis methods complicates the integration of Al
tools into everyday clinical practice, ultimately imped-
ing the widespread adoption of these technologies in the
fight against oral cancer [16, 19, 21-22].

Challenges in Data Quality and Quantity

The effectiveness of Al in the early diagnosis of oral

cancer is significantly hindered by challenges related to
data quality and quantity [22-23]. High-performing Al
algorithms, particularly those employing machine learn-
ing techniques, rely on vast datasets that are both di-
verse and representative to train effectively [22]. How-
ever, many studies indicate that the available data for
OSCC is often limited, potentially skewed, and lacking
in comprehensive demographic representation, which
can lead to inadequate model performance and misdiag-
nosis. Furthermore, the quality of the data utilized, in-
cluding images and clinical outcomes, must be meticu-
lously curated to ensure accuracy and reliability; any
inconsistencies can severely compromise the diagnostic
power of Al systems consequently, addressing these
challenges is critical for enhancing the validity and clin-
ical applicability of Al in oral cancer diagnosis [21-23].

Ethical and Social Implications

The incorporation of Al in early oral cancer diagnosis
presents significant ethical and social implications that
warrant careful examination [1-2, 11, 14, 22]. While Al
technologies promise enhanced diagnostic accuracy,
they also raise concerns regarding accountability and
patient autonomy. The reliance on machine learning
algorithms, particularly for critical health decisions,
challenges traditional clinician-patient relationships,
necessitating a discussion about who is responsible
when these systems fail or produce erroneous results.
Furthermore, the accessibility of such technologies can
exacerbate existing health disparities, creating a societal
divide where only certain populations benefit from ad-
vanced Al diagnostics while others remain underserved
[22]. There is a pressing need to address these ethical
dilemmas through regulatory frameworks that ensure
transparency, explainability, and equitable access to Al
systems in healthcare, as highlighted by recent studies
that underline both the potential and limitations of ma-
chine learning in this context [16].

Concerns Regarding Patient Privacy and Consent

In the context of Al utilization for early oral cancer di-
agnosis, concerns surrounding patient privacy and con-
sent have emerged as significant barriers [14-19]. As
healthcare systems increasingly transition from a dis-
ease-centric to a patient-centric approach, safeguarding
patient data becomes crucial. The nature of Al analysis
often involves processing vast amounts of sensitive in-
formation, raising fears of potential data breaches and
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unauthorized access [23]. Moreover, ethical considera-
tions surrounding informed consent are paramount; pa-
tients must fully understand how their data will be used,
stored, and shared. Without stringent privacy measures,
trust in Al applications can erode, impeding their inte-
gration into clinical practice [22-23]. This situation is
exacerbated by existing systemic challenges, such as
complacency towards privacy issues and a lack of ro-
bust policies governing data use in healthcare, which
further complicates the ethical landscape of Al in this
sensitive field. Addressing these concerns is essential to
ensure both the efficacy of Al tools and the protection
of patient rights [18, 21].

Future implications of Al in improving oral cancer outcomes

The future implications Al in enhancing oral cancer
outcomes are profoundly promising, especially as tech-
nology continues to evolve [2-9]. Als capacity for rapid
data analysis, combined with machine learning algo-
rithms, positions it as a crucial ally in early detection
and diagnosis [15]. By harnessing vast datasets, Al can
identify patterns and risk factors that may elude human
practitioners, resulting in more accurate preliminary
assessments [8, 17]. Furthermore, Al integration into
imaging technologies promises to enhance the visualiza-
tion of lesions, enabling earlier and more precise inter-
ventions [11, 24-26]. As research advances, the poten-
tial for personalized treatment plans driven by Al in-
sights could transform patient prognoses and reduce
morbidity rates significantly. Lastly, the incorporation
of Al in public health initiatives may lead to improved
awareness and screening processes, ensuring that indi-
viduals at high risk receive timely care [17, 26-28]. Col-
lectively, these developments could mark a substantial
shift in the fight against oral cancer. The conclusion
derived from the investigation into the use of Al in the
early diagnosis of oral cancer emphasizes its transform-
ative potential in clinical practice [11, 23, 29-31]. By
mitigating the delays associated with traditional diag-
nostic methods, Al can enhance the accuracy and effi-
ciency of screenings, ultimately leading to earlier inter-
ventions and improved survival rates for patients [32].
Numerous studies affirm the technological capabilities
of Al in detecting oral cancer, although challenges such
as data quality, external validation, and ethic-al consid-
erations remain prevalent [24, 30-31]. Addressing these
issues is essential for the responsible integration of Al

into healthcare systems. Additionally, the interdiscipli-
nary collaboration between dental professionals and Al
specialists is crucial for maximizing the efficacy of the-
se innovations [33].

Conclusion

It can be concluded that with appropriate frameworks in
place, Al could significantly advance the landscape of
oral cancer diagnostics and patient care, shaping better
health outcomes in this critical area.

References

[1] Alabi RO, Almangush A, Elmusrati M, Leivo |, Mékitie
A. Measuring the Usability and Quality of Explanations
of a Machine Learning Web-Based Tool for Oral Tongue
Cancer Prognostication. Int J Environ Res Public Health.
2022; 19: 8366.

[2] Sultan AS, Elgharib MA, Tavares T, Jessri M, Basile JR.
The Use of Artificial Intelligence, Machine Learning and
Deep Learning in Oncologic Histopathology. J Oral
Pathol Med. 2020; 49: 849-856.

[3] Scully C, Bagan JV, Hopper C, Epstein JB. Oral cancer:
Current and future diagnostic techniques. Am J Dent.
2008; 21: 199-209.

[4] Chander A, Srinivasan R. Evaluating Explanations by
Cognitive Value. In Machine Learning and Knowledge
Extraction. Awvailable at: https://inria.hal.science/hal-
02060044/document

[5] Ghods K, Azizi A, Jafari A, Ghods K. Application of art-
ificial intelligence in clinical dentistry, a comprehensive
review of literature. J Dent (Shiraz). 2023; 24: 356-371.

[6] FuQ, ChenY, LiZ, Jing Q, Hu C, Liu H, et al. A deep
learning algorithm for detection of oral cavity squa-
mous cell carcinoma from photographic images: A ret-
rospective study. EClinicalMedicine. 2020; 27: 100558.

[7] Bahramian A, Motahari P, Hanifenezhad A. Expression
of Ki-67 in Oral Lichen Planus: A Systematic Review
and Meta-Analysis. J Dent (Shiraz). 2024; 25: 288-295.

[8] Reddy MS, Shetty SR, Shetty RM, Vannala V, Sk S.
Future of periodontics lies in artificial intelligence: Myth
or reality? J Investig Clin Dent. 2019; 10: e12423.

[9] Krishnan MM, Pal M, Bomminayuni SK, Chakraborty C,
Paul RR, Chatterjee J, et al. Automated classification of
cells in sub-epithelial connective tissue of oral submu-
cous fibrosis: An SVM based approach. Comput Biol
Med. 2009; 39: 1096-1104.



This in press article needs final revision

Bajpai M

J Dent Shiraz Univ Med Sci

[10] Revilla-Ledn M, Gémez-Polo M, Barmak AB, Inam W,
Kan JYK, Kois JC, et al. Artificial intelligence models
for diagnosing gingivitis and periodontal disease: A sys-
tematic review. J Prosthet Dent. 2023; 130: 816- 824.

[11] Hegde S, Ajila V, Zhu W, Zeng C. Artificial intelligence
in early diagnosis and prevention of oral cancer. Asia Pac
J Oncol Nurs. 2022; 9: 100133.

[12] Tanriver G, Soluk Tekkesin M, Ergen O. Automated
detection and classification of oral lesions using deep
learning to detect oral potentially malignant disorders.
Cancers. 2021; 13: 2766.

[13] Uthoff RD, Song B, Sunny S, Patrick S, Suresh A, Kolur
T, et al. Small form factor, flexible, dual-modality handh-
eld probe for smartphone-based, point-of-care oral and o-
ropharyngeal cancer screening. J Biomed Opt. 2019; 24:
1-8.

[14] Rahman MS, Ingole N, Roblyer D, Stepanek V, Rich-
ards-Kortum R, Gillenwater A, et al. Evaluation of a low-
cost, portable imaging system for early detection of oral
cancer. Head Neck Oncol. 2010; 2: 10.

[15] Bajpai M, Gupta S. Dermoscopy of oral squamous cell
carcinoma. J Ayub Med Coll Abbottabad. 2018; 30: 315-
316.

[16] Garcia-Pola M, Pons-Fuster E, Suarez-Fernandez C, Seo-
ane-Romero J, Romero-Méndez A, L6pez-Jornet P. Role
of artificial intelligence in the early diagnosis of oral can-
cer. A scoping review. Cancers (Basel). 2021; 13: 4600.

[17] llhan B, Lin K, Guneri P, Wilder-Smith P. Improving
oral cancer outcomes with imaging and artificial intelli-
gence. J Dent Res. 2020; 99: 241-248.

[18] Krishna AB, Tanveer A, Bhagirath PV, Gannepalli A.
Role of artificial intelligence in diagnostic oral patholo-
gy-A modern approach. J Oral Maxillofac Pathol. 2020;
24: 152-156.

[19] Cruz JA, Wishart DS. Applications of machine learning
in cancer prediction and prognosis. Cancer Inform. 2007;
2:59-77.

[20] Jha S, Topol EJ. Adapting to artificial intelligence: Radi-
ologists and pathologists as information specialists. JA-
MA. 2016; 316: 2353-2354.

[21] Shield KD, Ferlay J, Jemal A, Sankaranarayanan R, Cha-
turvedi AK, Bray F, et al. The global incidence of lip,
oral cavity, and pharyngeal cancers by subsite in 2012.
CA Cancer J Clin. 2017; 67: 51-64.

[22] Komura D, Ishikawa S. Machine learning methods for hi-

stopathological image analysis. Comput Struct Biotech-
nol J. 2018; 16: 34-42.

[23] Das DK, Bose S, Maiti AK, Mitra B, Mukherjee G, Dutta
PK. Automatic identification of clinically relevant regio-
ns from oral tissue histological images for oral squamous
cell carcinoma diagnosis. Tissue Cell. 2018; 53: 111-119.

[24] European Commission. High-level expert group on artifi-
cial intelligence. In Ethics Guidelines for Tustrworthy Al.
Auvailable at: https://merlin.obs.coe.int/article/ 8608

[25] Chandolia B, Rajliwal JP, Bajpai M, Arora M. Prognostic
Potential of N-Cadherin in Oral Squamous Cell Carci-
noma via Immunohistochemical Methods. J Coll Physi-
cians Surg Pak. 2017; 27: 475-478.

[26] Heuillet A, Couthouis F, Diaz-Rodriguez N. Explainabil-
ity in deep reinforcement learning. Available at:
https://arxiv.org/pdf/2008.06693

[27] Narayanan M, Chen E, He J, Kim B, Gershman S, Doshi-
Velez F. How do humans understand explanations from
machine learning systems? An evaluation of the human-
interpretability ~ of  explanation.  Awvailable at:
https://arxiv.org/pdf/1802.00682

[28] Markus AF, Kors JA, Rijnbeek PR. The Role of Explain-
ability in Creating Trustworthy Artificial Intelligence for
Health Care: A Comprehensive Survey of the Terminol-
ogy, Design Choices, and Evaluation Strategies. J Bio-
med Inform. 2021; 113: 103655.

[29] Adamidi ES, Mitsis K, Nikita KS. Artificial intelligence
in clinical care amidst COVID-19 pandemic: A systemat-
ic review. Comput Struct Biotechnol J. 2021; 19: 2833-
2850.

[30] Lundberg M, Leivo I, Saarilahti K, Makitie AA, Mattila
PS. Increased Incidence of Oropharyngeal Cancer and P-
16 Expression. Acta Oto-Laryngol. 2011; 131:1008-1011.

[31] Baik J, Ye Q, Zhang L, Poh C, Rosin M, MacAulay C, et
al. Automated classification of oral premalignant lesions
using image cytometry and random forests-based algo-
rithms. Cellular Oncol. 2014; 37: 193-202.

[32] Kearney V, Chan JW, Valdes G, Solberg TD, Yom SS.
The application of artificial intelligence in the IMRT
planning process for head and neck cancer. Oral Oncol.
2018; 87: 111-116.

[33] Bang C, Bernard G, Le WT, Lalonde A, Kadoury S,
Bahig H. Artificial intelligence to predict outcomes of
head and neck radiotherapy. Clin Transl Radiat Oncol.
2023; 39: 100590.



