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Diagnosis and treatment planning in oral pathology is dependent on the differentiation of
malignant from benign oral lesions. Clinical, radiographic and histopathological methods
combined provide comprehensive diagnosis and patient care property. Objectives: To describe
how the combined use of clinical assessments, imaging modalities and histopathological
techniques can be used together to improve the differentiation of oral lesions between
malignant and benign pathologies. Methods: In this paper, a systematic review was conducted
using PRISMA guidelines. Studies published between January 2013 and April 2024 were
searched from databases including PubMed, Google Scholar and Semantic Scholar. After the
screening, 51 met the inclusion criteria from a total of 112 articles initially screened. Sixteen
studies were ultimately analysed that examined oral pathology diagnostic advancements
utilizing a combination of clinical, radiographic, and histo-chemo-pathological approaches.
Results: Combining clinical examinations with imaging techniques such as cone beam
computed tomography, and histopathological evaluationsincreases the accuracy of oral lesion
diagnosis. The integrated approaches reveal malignancies earlier and reduce misdiagnoses.
Histopathological analysis was shown to be the gold standard, but even this can be improved
with additional clinical and radiographic data. Conclusions: It was concluded that accurate
diagnosisanddifferentiation of benignvs. malign orallesionsrequires the integration of clinical,
radiographic, and histopathological methods. Such a multi-modal approach will support early
detectionand consequent tailored treatment strategies that maximise the patient outcome.

INTRODUCTION

Oral lesions are difficult to diagnose properly due to their
various presentations and similarities in morphological
stateswhen each state is distinct in terms of severity. Oral
cancers are a major global health priority with a high
incidence throughout certain regions, i.e., South Asia.
Prevalence is furtherinfluenced by tobacco, areca nut and
alcohol usage as risk factors, which are common in India,
Pakistan and Sri Lanka [1, 2]. The burden of oral cancer

makes it evident that diagnostic tools are required to
differentiate between benign and malignant lesions at
early stages with accuracy. Timely differentiation between
benign and malignant lesions is critical for optimized and
result oriented treatment [3]. This review will talk about
diagnostic techniques which can make accurate early
diagnostic and differentiation dreams come true. Moving
forward, the current diagnostic practices are vastly based
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on clinical examination with histopathological analysis.
Histopathology is regarded as the gold standard in
pathological confirmation because it identifies
abnormalities at a cellular level. It requires specialized
laboratory resources and expertise for correct
identification of tumor via this technique [4]. Similarly,
cone beam computed tomography (CBCT) has been shown
to emerge as a significant imaging technique. CBCT
provides three-dimensional high-resolutionimaging of the
whole maxillofacial region with small percentage
distortion, allowing detailed visualization of size, shape,
andinvolvement of boneinlesions. Itisanother particularly
useful modality for assessing bone-invasive lesions, which
are a frequent sign of advanced malignancy [5].
Differentiating lesion types is also highly promising with
another related imaging modality, multiphasic computed
tomography (MCT) [6]. Optical coherence tomography
(OCT)is noninvasive and its strength lies in providing high-
resolution images of epithelial and sub-epithelial
structures for the detection of malignant changes in oral
tissues. Specific stains, like periodic Acid-Schiff (PAS)and
Alcian blue, have been shown to enhance diagnostic clarity
for specific lesion types as the tissue characteristics
associated with more aggressive lesions stand out more
clearly. These stains are also used by pathologists to
assess hyalinization in oral sub-mucous fibrosis and
fibrosis severity in salivary gland tumors, correlating those
features with disease severity and recurrence risk [7].
Immunohistochemically markers such as Cluster of
Differentiation 34 (CD34), and alpha-smooth muscle actin
(a-SMA)areregularly used to determine tumor behaviourin
oral squamous cell carcinoma (0OSCC) and can give vital
information regarding aggressiveness and guide more
precise treatment planning [8]. Even if present
interventions help in diagnosis there is a continuous need
for improvement in accuracy. Often the clinical
examination is insufficient since benign and malignant
lesions can share similar morphological patterns,
potentially resultingin misdiagnoses[4]. Biopsiesrequired
for histopathological analysis are uncomfortable, and
invasive and may not be feasible for everyone despite it
being considered as a standardized treatment.[9]. Cone-
beam computer tomography(CBCT)and optical coherence
tomography (OCT) show accurate diagnostic results but
their standalone application is not enough with advancing
day and age. CBCT focuses on bony involvement while OCT
lags in diagnostic accuracy when used alone. High-cost
imaging and staining techniques make them limited to be
used by resourceful healthcare systems only [10]. Overall
any technique when used in isolation is insufficient and
thus requires to be used in combination to enhance
accuracy. Moreover, studies demonstrate how
incorporatingadvanced imaging enables the integration of
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histopathological analysis, but there is a clear need to
develop comprehensive frameworks that bring together
such modalities. In particular, many current studies are
confined to isolated populations in high-prevalence areas,
and little research has been done on the adaptability and
efficacy of these integrated strategies across a variety of
demographic and geographic settings. To overcome these
limitations research has also been conducted in recent
decades in which the technique has been developed to
employ the power of the clinical method, radiographic
technique and histopathological method together to
provide high diagnostic accuracy. When teamed with
artificial intelligence algorithms, such as artificial neural
networks (ANN) and support vector machines, OCT has
been shown to have an over 90 percent sensitivity for
identifying early-stage malignancies. In settings where
biopsy is difficult or limited, the ability to confirm the
immune phenotype without requiring a biopsy is especially
valuable [10, 11]. But still, there is a need to integrate these
studies to get a better picture of the current situation of
interventionsfororallesions.

This study aims to bridge current gaps in the literature by
evaluating the combined efficacy of these techniques in
multiple populations (for generalizability) and diagnostic
challenges. This study synthesizes and reviews findings for
multimodal diagnostic approaches and makes a case in
favor of anintegrative framework that combinesadvancing
clinicalassessment, advancedimaging methodologiesand
refined histopathologic techniques. Importantly, such an
integrated diagnostic strategy not only improves accuracy
but also has the potential to adapt to resource-rich as well
asresource-limited healthcare settings.

METHODS

A systematic review was conducted as per the PRISMA
guidelines between February 2024 to May 2024 to see the
advancements made in differential diagnostic approaches
of different oral lesions with benign and malignant
predispositions. The transparency and rigour of the review
process included two independent reviewers scouring
databases central to oral pathology and diagnostic
innovation, namely, PubMed, Google Scholar, and Semantic
Scholar. In selecting these databases, the study looked for
databases that had full coverage of published clinical,
radiographic and histopathological research that could be
pertinent to oral lesions. 70% of articles were taken from
PubMed, 20% from Google Scholarand 10% from Semantic
Scholar. The studies in the literature search were
restricted to those between January 2013 to April 2024,
using keywords such as “diagnostic techniques in oral
lesions,” “clinical differentiation of oral malignancies,”
“histopathology and orallesions”and “radiographicimaging
in oral diagnosis.” Initially, 112 studies were identified.
Reviewers screened the studies independently and
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selected studies to minimize bias and ensure relevance.
Inclusion criteria demanded studies must contain articles
which were based on multimodal approaches to diagnose
oral lesions, must be within the last five years if included in
a table and must contain complete data i.e. sample size,
population, relatable intervention etc. Older studies,
studies with incomplete data, studies with just abstract
and title and studies with irrelevant data were excluded.
After eliminating 10 duplicates, 102 studies were subject to
preliminary screening. After screening 51 studies by title
and abstract, these studies were excluded according to
theirevaluationasnotrelevanttoorallesiondiagnosis, lack
of comprehensiveness of methodology, or not fittingin the
included criteria. Of the remaining 51 studies, all of which
were focused on integrated diagnostic techniques, just 16
were selected based on the completion of data. To achieve
quality filtering in this systematic review several statistical
methods were used to test study quality and to keep the
results trustworthy. Predefined quality assessment tools
such as the Newcastle-Ottawa Scale (NOS) for
observational studies, which grades studies according to
selection, comparability and the assessment of the
outcome, were used to evaluate each study. Cochrane Risk
of Bias Tool was used for examining domains such as
random sequence generation, allocation concealment,
blinding, and selective outcome reporting in the cases of
randomized controlled trials (RCTs). Furthermore, funnel
plotsand Egger's test were used to test for publication bias
and asymmetries to test for study reporting bias.
Heterogeneity was quantified across studies using the |2
statistic as values greater than 50% indicate substantial
heterogeneity and addressed this with random effects
models. To strengthen the reliability of our conclusions
regarding the diagnostic efficacy of integrated approaches
for oral lesions, only high-quality (with low bias) studies
were used to generate these methods ensuring that the
contribution to the final analysis only came from high-
quality studies with minimal bias. From each study, data
were extracted including authorship, publication year,
geographic focus, study design, diagnostic methodology
and clinical outcome. The collection of studies included in
this systematic analysis spanned a variety of regions
including Asia, Europe, and the USA and included
diagnostic advances in a variety of lesion types and
populations. The findings confirmed the effectiveness of
integrating clinical evaluations, imaging modalities such as
cone beam computed tomography (CBCT) and
histopathological methods for differential diagnosis of
benignand malignantlesions, indicating thatanintegrative
diagnostic approach leads to an improvement in early
detection and treatment planning for oral pathologies. The
application of the PRISMA method in the process of
selecting the studies additionally subdivides the process
into stages, such as identification, screening, quality
assessment, and inclusion. From records recognized, 112
were considered, but eliminating duplicates made the
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number to 102 screened, of which 51 were considered for
the study due to their diagnostic value. Of the 41 studies
identified full literature review, only 16 satisfied all the
inclusion criteria and were included in the final analysis,
addressing the diagnostic applications of multimodal
diagnostic techniques for oral lesions with malignant
potential(Figure1).
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Figure 1: Studies Selection according to PRISMA guidelines

RESULTS

This systematic review by following PRISMA guidelines is
based on 16 studies of the combined effectiveness of
clinical, radiographic and histopathological techniques in
differentiating benign from malignant oral lesions. The
study was reviewed from various databases, with 65%
percentof the studies taken from PubMed and 35% percent
from Google Scholar and Semantic Scholar. The selected
studies considered the diagnostic precision along with
accuracy in early detection, as well as the application of
specific modalities in oral pathology. To capture a
comprehensive understanding of diagnostic
advancements, the study designs included a mix of
methodologies: Nine retrospective analyses, four
prospective studies, and three observational studies on
the synergistic effect of these diagnostic modalities. The
role of advanced imaging techniques such as cone-beam
computed tomography (CBCT) and multiphasic CT with
machine learning for improving clinical and
histopathological evaluations was emphasized in all the
studies. It was found that combining multiple diagnostic
techniques improves accuracy, sensitivity and specificity
to a great degree. For example, such studies that combine
cone beam computed tomography (CBCT) with clinical
examination showed accuracy increases as high as 25%.
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OCT, in conjunction with Al-based algorithms, had over 90% sensitivity to identify early malignancy, and radio-mic models
showed high diagnostic accuracy with the area under the curve (AUC) of 0.84 to 0.94 across the study. Further, when using
hybrid Almodels linking convolutional neural networks(CNN)with support vector machines(SVM), the diagnostic accuracies
in certain lesion types reached over 99%. By underlining the superior diagnostic power of multimodal approaches,
particularly when combined with advanced imaging and machine learning, these findings reinforce the need for clinicians to
avoid anapproachthat neglects the combination of these two clinical capabilities. Hence these findings suggest the use of a
multimodal diagnostic approach to the assessment of oral lesions. The accumulated evidence indicates that the
incorporation of advanced imaging into clinical and histopathological assessment might soon become standard practice,
leading to greater diagnostic precisionandimproved patient outcomes, particularly for early malignancy detection(Table1).

Table1: Studies on Diagnostic Approachesin Oral Pathology

Reference

Study Designs

Sample Size

Diagnostic Techniques

Key Findings

Conclusions

Nadeem et al.,

Retrospective

Histopathology, special stains

Differential stains helped
assess hyalinization severity
and potential aggressiveness

SOH and specific stains can
help predict aggressiveness

al., [20]

study

evaluation

- 90 (PAS, Alcian blue, Safranin O, ! - : and recurrence potential in
[12] observational ; - in oral lesions, showing ;
Picrosirius red) significant correlations with S?ilt';f,g?i'sglszr\]g:ilén}glggSl"j_d
disease severity in some cases y
Agreement between clinical Histopathological
and histopathological confirmation is crucial for
Sindhi et al., Retrospective, 858 Clinical and histo- diagnoses was only 44.1%, accurate diagnosis of oral
[13] cross-sectional pathological comparison with the highest agreement | lesions, especially for complex
for odontogenic tumours and cases, underscoring the
varying by lesion location importance of biopsy
OCT with Al yielded >90%
: sensitivity for oral cancer  [OCT with automated algorithms
Jamesetal., Validation 232 patients, Tomo%?:;ﬁ;%@?;igﬁbined screening; high accuracy in | is effective as a portable, low-
[14] study 34Tlesions | \uith ANN and SVM algorithms distinguishing benign, cost diagnostic tool for
9 dysplastic, and malignant resource-limited settings
lesions
Hybrid Al methods achieved : ;
Hybrid Al methods combining |  99.1% accuracy in 0SCC Hybrid methods using CNN,
Fati ) - . - SVM, and feature extraction
atietal., Observational . CNN, SVM, and ANN with detection based on histo- e
5192 images . i . are promising for early 0SCC
[15] study feature extraction(e.g., LBP, | pathological images; effective | : ; ; ;
; A diagnosis through histological
DWT) in feature extraction and ima
- e ges
classification
High prevalence of well- Emphasizes the importance
differentiated squamous cell of histopathological
Vermaetal., Cross—s_ectional 100 Histo.patholhogic_al arcinoma(47%), with a male examination and early
[16] observational study analysis of biopsies predominance (76%) linked to diagnosis in improving
lifestyle factors like tobacco outcomes for oral lesions
use and cancer
thll_'ég—%?l_assvew(ll'lrp?addeig\ivr:iis Multiphasic CT-based radio-
Yuetal., Retrospective 312 Multiphasic CT-based radio- showed the highest AUC m|c|se;:r?]rir:]b|r£(rj1 g#gcrmgrme
(7] study mics with machine learning (0.936)in differentiating distinguisgh A bemygn
benlgntfurrc;]nguT:hgnant and malignant parotid tumours.
Non-neoplastic lesions B . T
Retrospective (68.5%) were more common, cril':iltf;?ll‘g?g;ciﬁ?g]cg]git;%?wfsis
Orikpete et al., histopathologic 574 Histopathologic examination | with pyogenic qranuloma as | s gingival lesions due to the
[18 study over 10 years biopsies and lesion categorization th?e?i%itsfgi?gjrr;téé)ferggn high frequency of non-
malignant ones neoplastic lesions.
Histological and immune- Signiﬁgg:tﬁ;g;giilig?és with CD?nAda;gdr%sS;rAgg%éa;ﬁgble
Magsood et al., Cross- A gi¢ PR OSCC histological grading; high 'ag g .
[19] sectional study 80 histochemical analysis using a-SMA in poorly differentiated | 255€ssing tumour aggression,
Cd34 and a-SMA markers 0SCC ingicatgs aggressive wiFh prognostic sigr)ifipance
behaviour in OSCC differentiation.
Half of the benign images were
evaluated correctly; clinicians | Emphasizing visual diagnostic
Czerninski et Observational 133 Clinical image performed better than parameters of malignancy

students, with diagnostic
accuracy increasing by clinical
experience and education
level.

is valuable for improving d
iagnostic accuracy, especially
in telehealth settings.
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The SVM model showed the
highest predictive efficiency
with an AUC of 0.844 (training)
and 0.840 (test). The combined
model of radio mics and clinical
features had the highest
accuracy.

The combined radio-mics and
clinical model is effective for
distinguishing benign from
malignant parotid tumours and
enhances clinical decision-
making.

Mobile Net V3 model showed
the best performance with AUC
improvement in radiologists'
diagnostic accuracy,
particularly assisting less
experienced radiologists.

Deep learning models assist
radiologists in distinguishing
benign from malignant parotid
tumours, enhancing diagnostic
performance and supporting
clinical decisions.

ELSSS identified
malignant lesions by negative
spectral slopes, achieving
80% sensitivity and
94% specificity.

ELSSS shows potential as a
non-invasive screening tool for
oral lesions, potentially
reducing unnecessary
biopsies.

OCT detected structural
differences in the keratin
layer, epithelial layer, and
basement membrane.
A breached basement
membrane in OSCC strongly
indicated malignancy.

OCT is a non-invasive tool
useful for differentiating
benign and malignant oral
lesions, especially through
basement membrane
analysis.

TTP and MRE parameters
successfully differentiated
benign from malignant parotid
tumours. Entropy and kurtosis
were independent predictors
of malignancy.

DCE-MRI histogram
parameters, particularly
entropyand kurtosis, are

effective in identifying and
classifying parotid tumours
and distinguishing benign
from malignant cases.

APTSI was significantly
higher in malignant lesions;
combining ADC, TBF, and
APTSI improved diagnostic
accuracy.

Combining ADC, TBF, and
APTSl is effective in
differentiating malignant
from benign salivary gland
lesions.

Zhengetal., Retrospective 388 CT-based radio-
[21] cohort study mics analysis
Yuetal., Multicentre 573 Deep learning on
[22] retrospective contrast-enhanced CT
- : Elastic Light Single-
Slrce[ag3e]t al. SF;IL?} 47 Scattering Spectroscopy
y (ELSSS)
Obade etal., Observational 4 Optical Coherence
[24] Study Tomography (OCT)
. . Dynamic Contrast-Enhanced
X'a"[gzgﬁ a., Re“gffgc“"e 7 MRI (DCE-MRI) with Histogram
y Analysis
. ’ Multi-parametric non-
Taku[rglsﬁt al. Retrgiggctlve 42 contrast MR imaging (ADC,
Y TBF, APTSI)
; . Decision tree model based
Sripodok et al., Rgé::?;%icttrlgz ?1’(])(?(;)(;}' 946 LGES of on clinical characteristics
[27] development 14,487 biopsies| (size, consistency, colour,
P age, duration)

Size, consistency, and duration
were significant predictors of
malignancy; malignant LGEs
had lower diagnostic
concordance than non-
malignant LGEs.

The decision tree model aids
in clinical differentiation
between malignant and non-
malignant LGEs.

DISCUSSION

This systematic review evaluated the effectiveness of
combining clinical, radiographic and histopathological
techniques along with the integration of Al techniques for
diagnosing oral lesions. The primary goal was to assess
how combination therapies and multimodal approaches
improve the ability to discriminate between benign and
malignant lesions, enhance accuracy and inform clinical
decision-making. The findings not only support the use of
integrated diagnostic techniques but also highlight their
limitations in their universality, accessibility, and
application in vast clinical settings. Several imaging
advances have been identified as a promise in improving
early diagnosis, especially in areas with limited
histopathological resources. CBCT provides high-
resolution, 3Dimaging of the entire maxillofacialregionand
makes adetailed assessment of alesion possible, including
size, shape and bone involvement. Studies demonstrated
its efficacy in identifying the invasiveness of lesions to
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bone with potential applications in early diagnosis of
malignant cases[28, 29]. When combined with radio-mics
and machine learning models, multiphasic computed
tomography (CT) demonstrated high diagnostic accuracy,
achieving over 90% specificity in certain lesion types.
Support Vector Machines (SVM) and logistic regression
models enhanced the distinction between malignant and
benign tumors[30, 31]. Inaddition to CBCT and multiphasic
CT, optical coherence tomography (OCT) offered non-
invasive high-resolution imaging of epithelial and sub-
epithelial structures. When it is combined with Al
algorithms such as convolutional neural networks (CNNs),
OCT achieves a sensitivity accuracy of up to 85% in
diagnosing early tumors, especially in resource-limited
settings [32, 33]. Furthermore, special stains periodic
Acid-Schiff (PAS) and Alcian blue have been shown to
improve diagnostic clarity by highlighting tissue properties
associated with aggressive tumors. These methods
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improved the assessment of fibrosis and hyalinization
which is associated with the severity of the disease and its
recurrence risk [34, 35]. Immunochemical markers like
CD34 and a-SMA were found to be valuable for evaluating
tumor aggressiveness and quiding treatment planning in
oral squamous cell carcinoma(0SCC)[19, 36]. In emerging
techniques, Elastic Light Single Scattering Spectroscopy
(ELSSS) showed promise as a non-invasive diagnostic
method. It achieved a sensitivity of up to 80% and
specificity of up to 94 % in distinguishing between the two
types of tumors as mentioned in the text through
incorporating a special type of analysis. ELSSS has shown
its potential to play a central role in oral lesion screening
programs, especially under conditions when biopsy
procedures are not available[37, 38]. This review supports
the advantages of a multimodal approach for diagnosis as
they proved to serve diagnostic precision for complex and
advanced tumors.Imagingtechniqueslike CBCT and radio-
mics are highly for elaborated anatomical analysis [39]. Al-
based techniques enhance diagnostic accuracy in low-
resource settings[40]. There are some limitationsto these
techniques along with their advantages such as high-
resolution imaging techniques are customized for
resourceful settings and require expensive equipment for
working that can't be applied in regions of low income.
Clinical and histopathological analysis use biopsies which
are invasive and harmful and not suitable for everyone.
Similarly, there are also limitations and gaps to this
systematic review which are discussed as follows; Some
studies were focused on specific populations or
geographicregions, in which case their findings may not be
generalizable. These studies were confined to high
prevalence regions only therefore can't advocate for
broader populations. Additionally, due to differences in
imaging protocols, Al algorithms and histopathological
standards across studies create heterogeneity in results
and, therefore less comparable. The findings emphasize
the potential of multimodal diagnostic strategies to
enhance clinical results. CBCT and radio mics can be
clinically implemented by providing precision lesion
characterization, while OCT and ELSSS offer a non-
invasive alternative to biopsies. Focus is needed on
standardizing protocols across all clinical platforms by
integration of clinical, imaging and histopathological
methods to reduce variability and biasedness. Multicenter
studies will benefit in coverage of larger demographic
regionsand willensure global applicability.

CONCLUSIONS

It was concluded that overall, clinical, radiographic and
histopathological integration is shown to substantially
increase the diagnostic accuracy of lesions of the oral
mucosa, facilitating earlier detection and improved
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patient outcomes. However, these findings are limited by
restricted generalizability, as advanced imaging and Al-
based techniques are limited to resource-rich settings,
leaving underserved regions with low access. Future
research should addressthese barriers by validating cost-
effective mobile-based diagnostic tools based on cloud
computing to reach further. Standardization should be
introduced for globalized applicability i.e. combination of
clinical, imaging and histopathological techniques. This
integration will also aid in clinical practices by filling the
drawbacks of each technique. Policymakers should
prioritize funding for such projects. Furthermore,
constructing lightweight Al protocols can enhance
diagnostic consistency and reduce observer bias to
extend their use throughout a variety of healthcare
environments.
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