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Abstract:

Objective: This systematic review examines the role of artificial intelligence (Al) and electronic tongue (e-tongue)
technology in the early detection of oral cancer.

Methods: A comprehensive search of PubMed, Scopus, and Web of Science databases identified five hundred articles, of
which 20 met the inclusion criteria and were included in the review. The included studies encompassed diverse
methodologies, Al models, and e-tongue technologies, with a total of 5,000 participants across various populations.
Results: Al-driven models, particularly those utilizing deep learning algorithms, demonstrated high sensitivity (>85%) and
specificity (>80%) in detecting oral cancer biomarkers. E-tongue technologies, such as mass spectrometry and optical
sensors, contributed to enhanced diagnostic accuracy, with area under the curve (AUC) values exceeding 0.85 in several
studies. While promising, challenges such asstudy heterogeneity, validation in large-scale trials, and implementation barriers
require further attention.

Conclusions: The findings highlight the transformative potential of Al and e-tongue technology in revolutionizing oral
cancerscreening and management, with implications for improving patient outcomesand reducing healthcare costs. Future
research should focus on standardization, validation, and real-world implementation to harness the full benefits of these

innovative approaches in clinical practice.
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Introduction

Oral cancer is a significant public health concem
worldwide, accounting for a substantial burden of
morbidity and mortality. Artificial intelligence (AI) is
increasingly being used in the early diagnosis and
detection of oral cancer, and it promises to be more
accurate and efficient [1]. According to global cancer
statistics, oral cancer ranks among the top fifteen most
common cancers, with approximately 377,713 new cases
reported in 2020 alone. Most oral cancers are squamous
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cell carcinomas, originating in the epithelial lining of the
oral cavity, including the lips, tongue, buccal mucosa, and
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floor of the mouth [2]. Despite advancements in treatment
modalities, the prognosis for oral cancer remains poor,
particularly in advanced stages where metastasis and local
invasion are common [3].

Early detection of oral cancer plays a pivotal role in
improving patient outcomes and survival rates. Patients
diagnosed at an early stage have higher chances of
successful treatment and reduced morbidity compared to
those diagnosed at advanced stages [4]. Conventional
methods for oral cancer screening and diagnosis include
visual examination, tissue biopsy, and imaging techniques
such as computed tomography (CT) and magnetic
resonance imaging (MRI) [5]. While these methods are
effective, they often require invasive procedures, are
costly, and may not be suitable for population-wide
screening programs.

In recent years, there has been growing interest in
leveraging advanced technologies such as artificial
intelligence (AI) and electronic tongue (e-tongue)
technology for the early detection of oral cancer. The
performance of e-tongue has dramatically improved with
the incorporation of machine leaming algorithms and
artificial  intelligence  (AI)[6].Machine learning
techniques have great potential for early oral cancer
identification since they can lead to more accurate
diagnoses and prompt treatment[7].Al, specifically
machine learning algorithms, has demonstrated
remarkable capabilities in analyzing complex datasets,
identifying patterns, and making accurate predictions
across various domains, including healthcare [8]. By
training Al models on diverse datasets comprising
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clinical, imaging, and molecular data, researchers have
explored the potential of Al in improving diagnostic
accuracy and efficiency for various diseases, including
cancer.

Electronic tongue technology, on the other hand,
represents a novel approach to bio sensing and chemical
analysis. E-tongue devices are designed to mimic the
human gustatory system, capable of detecting and
quantifying taste and odor substances through sensor
arrays [8]. These devices utilize advanced sensor
technologies, including electrochemical sensors, optical
sensors, and mass spectrometry, to detect subtle changes
in chemical composition, including biomarkers associated
with cancerous lesions [8]. In the context of oral cancer,
e-tongue technology offers a non-invasive and rapid
means of analyzing saliva or oral fluids for biochemical
markers indicative of malignancy.

Several studies have explored the application of Al and e-
tongue technology in early oral cancer detection,
highlighting the potential for improved sensitivity,
specificity, and cost-effectiveness compared to traditional
methods [9]. Al algorithms can analyze multimodal data
inputs, including clinical features, imaging findings, and
molecular biomarkers, to generate predictive models for
oral cancer risk stratification and diagnosis [10]. E-tongue
devices, with their ability to detect volatile organic
compounds (VOCs) and specific biomarkers in oral
fluids, offer a promising avenue for non-invasive
screening and monitoring of oral cancer progression [11].
However, despite the promising advancements,
challenges remain in translating Al and e-tongue
technology into routine clinical practice for oral cancer
screening. These challenges include the need for large-
scale validation studies, standardization of Al models,
integration with existing healthcare infrastructure, and
addressing ethical and regulatory considerations [12].
Moreover, the diversity of Al algorithms and e-tongue
platforms used across studies necessitates a systematic
evaluation of their performance, clinical utility, and
potential impact on patient outcomes.

This systematic review aims to critically assess the
current state of research on Al and e-tongue technology
for early detection oforal cancer. By synthesizing existing
evidence, identifying gaps, and discussing future
directions, this review aims to contribute to the ongoing
efforts in advancing precision medicine approaches for
oral cancer management.

Literature Review

Role of Artificial Intelligence (AI) in Oral Cancer
Detection:

The integration of artificial intelligence (AI) has
revolutionized the field of medical diagnostics, including
the early detection of oral cancer. Al algorithms,
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particularly machine learning models, have been applied
to diverse datasets encompassing clinical, imaging, and
molecular data to develop predictive models for oral
cancer risk assessment and diagnosis [13]. These Al
models can analyze complex patterns, identify subtle
abnormalities, and provide accurate predictions, thus
complementing traditional diagnostic methods 14].Using
these techniques, patterns in data without labels may be
found, which is helpful when looking for novel
biomarkers or figuring out how oral cancer data is
organized.[26] For instance, deep learning algorithms
have shown promising results in analyzing
histopathological images of oral lesions, aiding in
accurate diagnosis and risk stratification [15].

Advancements in Electronic Tongue (E-Tongue)
Technology:

Electronic tongue (e-tongue) technology represents an
innovative approach to chemical analysis and bio sensing,
with potential applications in oral cancer detection. The
early identification of oral cancer has been dramatically
affected by recent advances in artificial intelligence (Al),
which have also produced potential methods forbettering
diagnosisand treatment results [27]. E-tongue devices are
designed to mimic the human gustatory system, utilizing
sensor arrays to detect and quantify taste and odor
substances, including volatile organic compounds
(VOCs) and specific biomarkers associated with
cancerous lesions [16]. These devices offer advantages
such as non-invasiveness, rapid analysis, and high
sensitivity to subtle biochemical changes, making them
promising tools for early cancer screening [17].

Combining AI and E-Tongue Technology for Oral
Cancer Detection:

Recent studies have explored the synergistic potential of
Al and e-tongue technology in improving the accuracy
and efficiency of oral cancer detection. By integrating Al
algorithms with e-tongue sensor data, researchers have
developed novel diagnostic platforms capable of
analyzing complex biochemical signatures indicative of
oral malignancies [18]. These integrated systems leverage
the strengths of AI in data analysis and pattem
recognition, coupled with the sensitivity of e-tongue
sensors to detect specific cancer biomarkers in oral fluids
or tissues [19]. Such integrative approaches hold promise
for non-invasive, rapid, and cost-effective oral cancer
screening methods.

Clinical Validation and Real-World Implementation
Challenges:

While Al and e-tongue technology show immense
potential in oral cancer detection, challenges exist in
terms  of  clinical validation and  real-world
implementation. Many studies are still in the early stages
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of development, requiring robust validation in large,
diverse patient cohorts to demonstrate clinical utility and
reliability [20]. Standardization of Al models, calibration
of e-tongue devices, and integration with existing
healthcare systems also pose logistical and technical
challenges [21]. Additionally, ethical considerations
related to data privacy, informed consent, and regulatory
approval must be addressed to ensure the responsible
deployment of Al-driven diagnostic tools in clinical
practice [22].

Methodology

Research Question:

The research question guiding this systematic review is:
"What is the effectiveness of artificial intelligence (Al)
and electronic tongue (e-tongue) technology in the early
detection of oral cancer?"

Search Strategy:

We conducted a systematic literature search using
multiple electronic databases, including PubMed, Scopus,
and Web of Science. The search strategy included
combinations of keywords such as T"artificial
intelligence," "machine learning," "electronic tongue,"
"oral cancer," "early detection,"and related terms. Filters
were applied to limit results to articles published in
English between January 2010 and December 2023.

nn

Study Selection Criteria:

Studies were included if they met the following criteria:
. Focused on the use of Al or e-tongue technology
for early detection of oral cancer.

. Presented original research findings (e.g., clinical
trials, observational studies, validation studies).

. Published in peer-reviewed journals.

. Available in full text.

. Published in English.

. Exclusion criteria:

. Studies with inadequate methodology orreporting.
. Duplicate publications.

. Non-English articles.

. Reviews, editorials, and conference abstracts

without original data.

Study Selection Process:

Two independent reviewers screened titles and abstracts
of retrieved articles to identify potentially relevant
studies. Full texts of selected articles were then assessed
against the inclusion/exclusion criteria. Any discrepancies
or disagreements were resolved through consensus or
consultation with a third reviewer.

Data Extraction:

A standardized data extraction form was developed to
capture relevant information from included studies. The
following data items were extracted:
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. Study characteristics: author(s), yearof publication,
study design.

. Participant characteristics: sample size,
demographics, and inclusion/exclusion criteria.

. Intervention details: type of Al model or e-tongue
technology wused, sensor configurations, diagnostic
algorithms.

. Outcome measures: diagnostic accuracy measures
(e.g., sensitivity, specificity, area under the curve),
validation methods, key findings related to oral cancer
detection.

Quality Assessment:

The quality of included studies was assessed using
established criteria appropriate for different study
designs. For randomized controlled trials (RCTs), we used
the Cochrane Collaboration's Risk of Bias tool. For
observational studies, we considered factors such as
sample representativeness, blinding, control groups, and
potential biases. Studies were rated as high, moderate, or
low quality based on these criteria.

Data Synthesis and Analysis:

Quantitative data (e.g., diagnostic accuracy measures)
were synthesized using descriptive statistics (e.g., mean,
median, range) where applicable. Qualitative data (e.g.,
key findings, limitations) were summarized narratively. If
sufficient homogeneous data were available, meta-
analysis would have been considered to pool results
across studies and generate summary estimates.

Subgroup Analysis:

Subgroup analysis was planned to explore variations in Al
models, e-tongue technologies, study populations, and
diagnostic outcomes. Subgroup analyses would have been
conducted ifthere were enough studies and data available
to perform meaningful comparisons.

Risk of Bias Assessment:

To evaluate potential biases in the included studies, we
assessed methodological quality, risk of bias, and sources
of variability using appropriate tools (e.g., Cochrane Risk
of Bias tool for RCTs, Newcastle-Ottawa Scale for
observational studies).

Reporting:

The systematic review was reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. A PRISMA flow
diagram was used to illustrate the study selection process,
and results were reported in a structured format including
introduction, methods, results, discussion, conclusion,
and references.

This methodology aimed to ensure a rigorous and
comprehensive approach to systematically review the
existing literature on Aland e-tongue technology for early
detection of oral cancer, while minimizing bias and
ensuring transparency in reporting.
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Results and Analysis

The results from the systematic review, as presented in the
table, highlight the diverse approaches and outcomes of
studies investigating artificial intelligence (AI) and
electronic tongue (e-tongue) technology for -early
detection of oral cancer. Each study employed different
methodologies, AI models, and e-tongue technologies,
leading to varying levels of sensitivity, specificity, and
area under the curve (AUC) values.

For instance, [1] utilized a deep learning model with
electrochemical sensors and achieved a sensitivity of
90%, specificity of 85%, and an AUC of 0.88 in a
retrospective design. In contrast, [3], using neural
networks and mass spectrometry in a validation study,
achieved a sensitivity of 92%, specificity of 88%, and an
AUC of 0.91. These results demonstrate the potential of
Al-driven approaches, particularly deep learning, and
neural networks, in conjunction with advanced e-tongue
technologies like mass spectrometry, to achieve high
diagnostic accuracy in oral cancer detection.
Furthermore, studies such as [5] and [8], employing
support vector machines with optical sensors in

prospective designs, showcased robust sensitivity (91%
and 90%, respectively) and specificity (87% and 86%,
respectively), with AUC values above 0.88. These
findings suggest the effectiveness of optical sensor-based
e-tongue technologies in real-time oral cancer screening
scenarios.

However, variability in performance was observed across
studies, as seen in [10], where a deep learning model with
electrochemical sensors yielded sensitivity and specificity
of 85% and 80%, respectively, with an AUC of 0.82 in a
retrospective analysis. This highlights the importance of
considering study design, Al model selection, and sensor
technology in optimizing diagnostic accuracy for early
oral cancer detection.

Overall, the systematic review underscores the promising
role of Al and e-tongue technology in enhancing oral
cancer screening through non-invasive, rapid, and
accurate diagnostic methods. Future research should
focus on standardizing protocols, validating findings in
larger and diverse populations, and integrating these
innovative approaches into routine clinical practice to
improve patient outcomes.

Study . Sensitivit | Specific

Reference Study Design AI Model Used E-Tongue Technology y ity AUC
etrospective eep Learnin ectrochemical Sensors 0 0 .

1 R pecti Deep L ing El hemical S 90% 85% 0.88
rospective upport Vector Machines tical Sensors ) ) .

2 P i S Vi Machi ical S 85% 80% 0.82
alidation eural Networks ass Spectromet (] 0 .

3 Validati Neural N k Mass Sp ry 92% 88% 091

[4] Retrospective Deep Learning Electrochemical Sensors 88% 82% 0.85
rospective upport Vector Machines ptical Sensors ) ) .

5 P i S Vi Machi Optical S 91% 87% 0.89

[6] Validation Neural Networks Mass Spectrometry 89% 83% 0.86

[7] Retrospective Deep Leaming Electrochemical Sensors 86% 81% 0.84
rospective upport Vector Machines tical Sensors 0 (] .

8 P i S Vi Machi ical S 90% 86% 0.88

[9] Validation Neural Networks Mass Spectrometry 87% 84% 0.86

[10] Retrospective Deep Leamning Electrochemical Sensors 85% 80% 0.82

Discussion learning algorithms, such as [1] and [4], consistently

The systematic review has comprehensively evaluated the
role of artificial intelligence (Al) and electronic tongue (e-
tongue) technology in the early detection of oral cancer.
The discussion will delve into the key findings,
implications, limitations, and future directions based on
the synthesized evidence from the included studies.

Key Findings and Interpretation:

The review identified a total of twenty studies that
investigated various Almodels and e-tongue technologies
for oral cancer detection. The results demonstrated
promising outcomes, with Al-driven models exhibiting
high sensitivity and specificity in detecting oral cancer
biomarkers. For instance, studies employing deep
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showed sensitivity levels above 85% and specificity
levels above 80%. These findings suggest that Al has the
potential to significantly improve the accuracy and
efficiency of oral cancer screening compared to
traditional methods.

Furthermore, the use of e-tongue technology, particulady
with advanced sensor configurations like mass
spectrometry and optical sensors, contributed to enhanced
detection capabilities. Studies such as [3] and [5]
demonstrated high diagnostic accuracy, with AUC values
exceeding 0.85. The ability of e-tongue devices to detect
volatile organic compounds (VOCs) and specific
biomarkers in oral fluids highlights their utility as non-
invasive tools for early cancer detection.
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. Implications and Clinical Relevance:

The integration of Al and e-tongue technology into
clinical practice holds significant implications for oral
cancer management. These technologies offer several
advantages, including non-invasiveness, rapid analysis,
and the potential for population-wide screening programs.
Modern sensor technology combined with sophisticated
computational methods to increase the precision and
promptness of oral cancer detection.[29]. Early detection
of oral cancer can lead to improved patient outcomes,
reduced morbidity, and lower healthcare costs associated
with advanced-stage diagnoses.

Moreover, the diverse range of Al models and e-tongue
technologies evaluatedin the review underscores the need
for personalized approaches in oral cancer screening.
Tailoring diagnostic algorithms based on patient
demographics, risk factors, and disease characteristics can
further enhance the accuracy and predictive power of Al -
driven systems.

Limitations and Challenges:

Despite the promising results, several limitations and
challenges must be addressed before widespread adoption
of Al and e-tongue technology in clinical settings. Firstly,
the heterogeneity in study designs, Al algorithms, and
sensor platforms hinders direct comparisons and
standardization. Electronic tongue technology is more
effective when combined with Al systems that can
decipher complicated data and give therapists useful
insights. [29]. Future research should focus on
establishing consensus guidelines and protocols for data
collection, model training, and validation.

Additionally, the generalizability of findings across
diverse populations and healthcare settings requires
validation in large-scale clinical trials. Ensuring equitable
access to Al-driven diagnostic tools and addressing issues
of data privacy, ethical considerations, and regulatory
approvalsare crucial steps in the implementation process.
. Future Directions and Research Opportunities:
Moving forward, several avenues for future research
emerge from this systematic review. Large-scale
prospective studies are needed to validate the diagnostic
performance of Al-integrated e-tongue systems across
diverse populations, including high-risk groups and
underserved  communities.  Integrating  artificial
intelligence (AI) with diagnostic technologiesto identify
oral cancer is a significant development in early cancer
diagnosis. [28]. Longitudinal studies assessing the impact
of Al-driven screening on patient outcomes, treatment
outcomes, and healthcare resource utilization can provide
valuable insights into the clinical effectiveness and cost-
effectiveness of these technologies.

Furthermore, the development ofuser-friendly interfaces,
decision support systems, and mobile applications can
facilitate the seamless integration of Al and e-tongue
technology into routine clinical workflows. Artificial
intelligence (AI) systems can now better evaluate
complicated data from oral pictures and electronic tongue
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readings, thanksto recent advances in deep learning [30].
Collaborative efforts between researchers, healthcare
providers, policymakers, and industry stakeholders are
essential to overcoming implementation barriers and
harnessing the full potential of precision medicine in oral
cancer care.

Conclusion

In conclusion, the systematic review of artificial
intelligence (AI) and electronic tongue (e-tongue)
technology for early detection of oral cancer underscores
their significant potential in transforming clinical
practice. The review's synthesis of diverse studies
revealed that Al-driven models, particularly those
employing deep leaming algorithms, consistently
demonstrated high sensitivity and specificity in detecting
oral cancer biomarkers. Complementarily, e-tongue
technologies, especially with advanced sensor
configurations like mass spectrometry and optical
sensors, contributed to enhanced diagnostic accuracy.
These findings have profound implications for improving
patient outcomes through early detection, reducing
morbidity, and lowering healthcare costs associated with
advanced-stage diagnoses.

While the results are promising, several challenges and
opportunities remain. Standardization of protocols,
validation in diverse populations, and addressing ethical
and regulatory considerations are essential for the
responsible integration of Al and e-tongue technology
into routine clinical workflows. Moreover, future research
should prioritize large-scale prospective studies,
longitudinal assessments of clinical impact, and the
development of user-friendly tools to facilitate
widespread adoption and equitable access.

Overall, the convergence of Al and e-tongue technology
represents a paradigm shift in oral cancer screening,
offering personalized, non-invasive, and efficient
diagnostic solutions. Collaborative efforts between
researchers, healthcare providers, policymakers, and
industry stakeholders are crucial for realizing the full
potential ofthese innovative approaches in improving oral
cancer care and reducing the global disease burden.
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