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Abstract. Background: Oral carcinoma remains a significant global
health burden, particularly in low- and middle-income countries where
delayed diagnosis leads to poor clinical outcomes. Conventional
diagnostic methods are often limited by subjectivity and inter-observer
variability. Artificial intelligence (AI) powered systems offer a novel
approach to enhance diagnostic accuracy and consistency in oral
oncology. Objective: This study aimed to assess the role of Al-
powered anatomical mapping of the oral cavity in improving the
diagnosis and treatment planning of oral carcinoma. Methods: A cross-
sectional analytical study was conducted using high-resolution
intraoral images and clinical data from patients with suspected oral
lesions. Deep learning—based Al models were trained to identify oral
anatomical landmarks and detect malignant and premalignant lesions.
Diagnostic performance was evaluated using sensitivity, specificity,
accuracy, and area under the receiver operating characteristic curve,
with histopathological findings as the reference standard. Results: The
Al-powered system demonstrated high accuracy in mapping oral
cavity anatomy and localizing lesions across various subsites,
including the tongue, buccal mucosa, and floor of the mouth. The
model showed improved sensitivity and specificity compared with
conventional clinical assessment, enabling clearer delineation of lesion
boundaries and extent, which supported more precise treatment
planning. Conclusion: Al-driven anatomical mapping of the oral
cavity is a promising adjunct to traditional diagnostic approaches for
oral carcinoma. Its implementation may enhance early detection,
reduce observer-related variability, and improve clinical decision-
making. Further large-scale and multicenter studies are recommended
to validate their clinical applicability.
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INTRODUCTION

Oral carcinoma, predominantly oral squamous cell
carcinoma (OSCC), accounts for over 90% of
malignancies arising in the oral cavity and remains a
major contributor to cancer-related morbidity and
mortality worldwide [1,2]. According to
GLOBOCAN 2020, more than 377,000 new cases
and 177,000 deaths occur annually, with South Asia
bearing a disproportionate disease burden [3].
Pakistan is among the high-risk countries due to
widespread tobacco, betel nut, and areca nut
consumption. Early diagnosis of oral carcinoma
significantly improves survival; however, most cases
are diagnosed at advanced stages [4]. Conventional
diagnostic methods such as visual inspection,
palpation, and biopsy rely heavily on clinician
expertise and are subject to inter-observer variability
[5]. Recent advances in computer vision and machine
learning have enabled the development of AT-powered
diagnostic systems capable of processing complex
visual patterns beyond human perception. Deep
learning models, particularly convolutional neural
networks, can automatically learn hierarchical image
features, allowing accurate detection and
segmentation of pathological changes within medical
images [6]. In oral oncology, this capability is
especially relevant due to the heterogeneous
appearance of oral lesions, variations in lighting
conditions, and anatomical complexity of the oral
cavity. Al-based systems have demonstrated strong
potential in distinguishing malignant from non-
malignant lesions by analyzing subtle textural and
color variations that may not be apparent during
routine clinical examination [7].

Anatomical mapping using Al represents a critical
evolution from simple lesion detection toward
clinically meaningful decision-support systems. By
integrating spatial localization with anatomical
landmark identification, Al-driven mapping provides
detailed visualization of lesion extent relative to
critical oral structures, facilitating accurate staging
and surgical margin assessment [8]. This is
particularly important in oral carcinoma, where
incomplete excision and positive margins are
associated with higher recurrence rates and reduced
survival [9]. Al-assisted anatomical mapping may
therefore play a pivotal role in optimizing treatment
planning, especially in cases requiring complex

surgical or multidisciplinary management. The
integration of Al-powered diagnostic tools into
routine dental and medical practice also holds
significant public health implications. In low- and
middle-income countries, limited access to specialists
and diagnostic infrastructure contributes to delayed
diagnosis of oral carcinoma [10]. Al-enabled systems,
when incorporated into primary care or community-
based screening programs, may help bridge this gap by
supporting early detection and appropriate referral
[11]. Such technologies align with global cancer
control strategies emphasizing early diagnosis, task
shifting, and digital health innovation, underscoring
the relevance of AT-powered anatomical mapping in
addressing oral cancer disparities [12].

Artificial intelligence (AI), particularly deep learning,
has shown substantial promise in medical image
analysis, enabling automated detection,
segmentation, and classification of pathological
lesions [13]. In oncology, Al-based systems have
demonstrated diagnostic accuracy comparable to
expert clinicians in dermatology, radiology, and
pathology [14]. Within oral medicine, Al applications
have expanded to include lesion detection,
histopathological grading, and risk prediction [15].
Anatomical mapping using AI allows precise
localization of lesions relative to oral cavity
landmarks, providing clinically relevant information
regarding lesion extent and spatial distribution [7].
This capability is particularly important for surgical
planning and margin assessment in oral carcinoma.
Despite growing interest, evidence on Al-driven
anatomical mapping of the oral cavity remains
limited. This study evaluates the diagnostic
performance of an Al-powered anatomical mapping
system for oral carcinoma and compares its
effectiveness with conventional clinical examination.

MATERIALS AND METHODS

This cross-sectional analytical study was conducted
from January 2023 to December 2024 at tertiary care
dental and maxillofacial units in Pakistan. Ethical
approval was obtained from the institutional review
board prior to initiation, and all participants provided
written informed consent. The study followed the
principles outlined in the Declaration of Helsinki.
Adult patients aged 18 years or older presenting with
clinically suspicious oral mucosal lesions were
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recruited using consecutive sampling. Suspicious
lesions included non-healing ulcers, erythroplakia,
leukoplakia, indurated masses, and unexplained
mucosal discoloration. Patients with previously
treated oral carcinoma, recurrent disease, systemic
mucocutaneous disorders, or poor-quality intraoral
images were excluded. High-resolution intraoral
images were captured using standardized intraoral
cameras under controlled lighting and positioning to
minimize variability. Multiple views of each lesion
were obtained to ensure comprehensive anatomical
coverage. Clinical variables including age, gender,
tobacco and betel nut use, lesion site, and duration
were recorded. All lesions underwent biopsy, and

histopathological diagnosis served as the reference
standard. A convolutional neural network-based deep
learning model was developed to perform anatomical
mapping and lesion detection. The model was trained
to identify oral cavity landmarks and to segment and
classify lesions as benign, premalignant, or malignant.
The dataset was divided into training (70%),
validation (15%), and testing (15%) sets to ensure
robust performance evaluation. Diagnostic
performance was assessed using sensitivity and
specificity. Subsite-specific analysis was also
performed to evaluate consistency across different
anatomical regions.

RESULTS

A total of 240 patients were included, with a mean age of 46.8 + 12.3 years. Males constituted 65% of the study population,
and tobacco or betel nut use was reported by 71.7% of participants. Lesions were most frequently located on the tongue

and buccal mucosa as shown in table 1.

Table 1. Demographic and Clinical Characteristics of Study Participants (n = 240)

Variable Frequency (%)
Male 156 (65.0)
Female 84 (35.0)
Tobacco/betel nut use 172 (71.7)
Tongue 92 (38.3)
Buccal mucosa 76 (31.7)
Floor of mouth 38 (15.8)
Other sites 34 (14.2)

The Al-powered anatomical mapping system showed superior diagnostic performance compared with conventional clinical

examination as shown in table 2.

Table 2. Diagnostic Performance of Al System Compared with Clinical Examination

Parameter Al System (%) Clinical Examination (%)
Sensitivity 924 78.6
Specificity 89.7 74.3
Accuracy 91.1 76.8
AUC 0.94 0.81

Subsite-wise evaluation revealed consistent performance across anatomically complex regions as shown in table 3.

Table 3. Subsite-Wise Performance of AI-Based Anatomical Mapping

Oral Subsite Sensitivity (%) Specificity (%)
Tongue 94.1 90.3
Buccal mucosa 91.5 88.6
Floor of mouth 90.2 87.9
DISCUSSION compared with conventional clinical examination.

The findings of this study demonstrate that Al-
powered anatomical mapping significantly enhances
the diagnostic accuracy of oral carcinoma when

The AI system achieved higher sensitivity (92.4%),
specificity (89.7%), and overall accuracy (91.1%),
indicating superior performance in distinguishing
malignant from non-malignant oral lesions. These
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results are consistent with previous studies reporting
that deep learning—based image analysis outperforms
routine visual examination by identifying subtle
textural and color variations that may be overlooked
by clinicians [16,17]. Early and accurate diagnosis is
critical in oral squamous cell carcinoma, as delayed
detection is strongly associated with advanced disease
stage and reduced survival rates, particularly in high-
burden regions such as South Asia [18].

Subsite-wise analysis revealed consistently high
diagnostic performance across anatomically complex
and high-risk regions, including the tongue, buccal
mucosa, and floor of the mouth. These subsites are
frequently associated with aggressive tumor behavior
and poorer prognosis due to rich lymphatic drainage
and delayed symptom recognition [19]. Conventional
clinical examination often demonstrates reduced
sensitivity in these regions because of anatomical
constraints and subtle early changes [20]. The ability
of the AI system to accurately map lesion location and
extent across different oral subsites highlights its
robustness and potential utility as a standardized
diagnostic aid, supporting more reliable clinical
decision-making irrespective of operator experience

[21].

Accurate delineation of lesion boundaries is a critical
determinant of effective surgical planning and
oncologic outcomes in oral carcinoma. Positive
surgical margins are well established as a predictor of
local recurrence and decreased overall survival [22].
In the present study, Al-powered anatomical mapping
provided clearer visualization of lesion margins and
spatial relationships to key oral structures, which may
facilitate improved margin assessment and treatment
planning. Similar advantages of Al-assisted mapping
and segmentation have been reported in head and
neck oncology, where such tools have enhanced
preoperative planning and reduced inter-observer
variability [23]. By offering objective and reproducible
anatomical information, Al systems may serve as
valuable adjuncts to clinician judgment rather than
replacements for clinical expertise.

From a public health perspective, the integration of
Al-powered diagnostic systems into routine dental
and primary healthcare settings holds significant
promise, particularly in low- and middle-income
countries where access to specialists is limited. AI-
based tools can support early detection, task shifting,
and timely referral, thereby addressing systemic gaps
in oral cancer care delivery [24]. The strong diagnostic
performance observed using image-based analysis
suggests feasibility for deployment in community
screening and telehealth models. Nevertheless, this
study has limitations, including reliance on a single-
country dataset and static intraoral images. Future
research should focus on multicenter validation,
inclusion of diverse populations, and integration with

clinical and histopathological data to enhance
generalizability and real-world applicability.

CONCLUSION

Al-driven anatomical mapping of the oral cavity is a
valuable adjunct to conventional diagnostic methods
for oral carcinoma. By improving early detection,
lesion localization, and treatment planning, Al-
powered systems have the potential to significantly
enhance clinical outcomes. Wider clinical adoption
following large-scale validation is recommended.
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