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ABSTRACT:

Oral lesions, encompassing a spectrum of benign to malignant conditions, necessitate precise and timely diagnosis
for effective management. Traditional diagnostic methods, while definitive, can be invasive and uncomfortable.
This article reviews emerging non-invasive diagnostic techniques that enhance early detection and reduce patient
discomfort. Techniques such as Narrow Band Imaging (NBI), Optical Coherence Tomography (OCT), liquid biopsy,
and Oral Brush Cytology (OBC) offer promising alternatives to conventional biopsies. These methods leverage
advanced imaging and biomarker analysis, facilitating the identification of dysplastic changes and early
malignancies. Additionally, vital staining and autofluorescence provide visual differentiation of lesions, while high-
frequency ultrasound allows for real-time imaging of oral structures. The integration of these non-invasive
approaches with traditional diagnostic methods ensures a comprehensive understanding of oral lesions, optimizing
patient outcomes and paving the way for enhanced clinical practices in oral health management. Continued research
and clinical validation of these techniques are essential to address existing challenges and facilitate their widespread
adoption in routine practice.
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. INTRODUCTION

Oral lesions, ranging from benign to potentially malignant and malignant conditions, require accurate and timely
diagnosis for effective management. Traditional diagnostic methods, such as biopsy, though definitive, can be
invasive and uncomfortable for patients.* Non-invasive methods for diagnosing oral lesions are attracting significant
attention for their ability to improve early detection while reducing patient discomfort. These techniques aim to
provide accurate diagnostic information without the need for invasive procedures, leveraging advancements in
imaging and biomarker analysis.? Advanced imaging techniques such as Narrow Band Imaging (NBI) and Optical
Coherence Tomography (OCT) offer high-resolution visualization of oral tissues, enabling early detection of lesions
and potentially malignant conditions without requiring tissue removal, as noted by Ojha et al.® Similarly,
dermoscopy, a technique widely used in dermatology for examining skin lesions, is being adapted for oral
applications, providing detailed surface observations to identify early signs of malignancy, as discussed by Borkar
et al.# In addition to imaging, biomarker detection through non-invasive mediums like saliva is gaining prominence.
Stokes shift spectroscopy has demonstrated that saliva can serve as an effective diagnostic medium for detecting
oral lesions, offering accuracy rates comparable to tissue biopsies, according to Kumar & Pradhan.® Liquid biopsies
represent another promising non-invasive option, involving the analysis of circulating tumor DNA and other
biomarkers present in bodily fluids, offering a potential alternative to traditional biopsies for diagnosing oral cancers,
as highlighted by S & Vickram.®

Copyright to IJARSET www.ijarset.com 22527


http://www.ijarset.com/

ISSN: 2350-0328
International Journal of AdvancedResearch in Science,
Engineering and Technology
Vol. 11, Issue 11, November 2024

Cytobrush biopsies, a method that involves collecting cells from the surface of oral lesions using a cytobrush, have
also proven effective. When coupled with high-sensitivity diagnostic techniques like ELISA, this method provides
reliable diagnostic information without the need for more invasive tissue sampling, as shown by Rebaudi et al.”
Despite the promise of these non-invasive methods, challenges such as the need for further clinical validation and
the standardization of diagnostic protocols remain. Continued research and development are essential to overcome
these hurdles and facilitate the widespread adoption of these techniques in clinical practice, ultimately improving
diagnostic accuracy and patient care. With advances in technology and understanding of oral pathologies, non-
invasive diagnostic tools play a critical role in early detection, improving patient outcomes, and enabling monitoring
without frequent invasive procedures. They also help in reducing the turnaround time for diagnosis and minimizing
the risks associated with surgical interventions. This article gives an overview of non-invasive methods in
diagnosing oral lesions.

1. NARROW-BAND IMAGING (NBI)

Narrow-band imaging (NBI), also referred to as virtual chromoendoscopy with magnification (VCM), has
demonstrated superior sensitivity and negative predictive value compared to traditional visual examination, making
it a preferred method for early detection of oral lesions. NBI is widely used in the diagnosis and follow-up
management of pharyngeal and esophageal cancers, as it effectively distinguishes tumor vascular patterns from non-
neoplastic changes. This technique combines standard endoscopy with magnification and a conventional white-light
source enhanced by narrow-bandwidth filters, emitting green and blue light sequentially. Hemoglobin's strong
absorption of these light wavelengths, along with the fact that shorter wavelengths penetrate tissues less deeply,
provides enhanced contrast for observing the mucosa’s microvasculature. Blue light at 415 nm highlights superficial
vessels, while green light at 540 nm penetrates deeper, improving visualization of vessels beyond the mucosa. The
intraepithelial papillary capillary loops (IPCLSs) in the oral mucosa are analyzed through NBI, and their architecture
is indicative of the physiological or altered state of the tissue. IPCL patterns, classified into four types, show
progressive changes associated with cancer development. Research indicates that NBI, particularly when used
alongside other diagnostic tools, enhances the detection of early cancers and high-grade dysplasia, aiding in surgical
margin delineation and follow-up in patients with a history of oral cancer or oral potentially malignant disorders
(OPMDs) 2910
1. DNA METHYLATION DETECTION

DNA methylation detection is emerging as a novel, non-invasive approach for the early detection of precancerous
lesions, particularly in oral and pharyngeal cancers. A study by Tomofumi in 2019 introduced the analysis of gargled
fluid as an innovative method to identify DNA methylation patterns in specific genes. DNA methylation, a key
epigenetic modification, often leads to gene silencing and is implicated in the early stages of carcinogenesis. By
collecting and analyzing gargled fluid, researchers can detect abnormal methylation in genes associated with cancer,
providing a window into cellular changes before they manifest as visible lesions.*

This technique leverages the fact that cells shed from the oral mucosa into the gargled fluid may carry DNA that
has undergone methylation changes in response to precancerous conditions. Specific genes, such as those involved
in tumor suppression, may show hypermethylation, indicating an increased risk of developing oral or pharyngeal
cancer. The use of gargled fluid offers a non-invasive, patient-friendly alternative to traditional biopsies or more
invasive procedures, making it easier to implement in routine screening or early diagnosis programs. As research
progresses, DNA methylation detection via gargled fluid holds great potential for improving early detection rates,
reducing mortality, and guiding more personalized treatment strategies.®’

V. OPTICAL COHERENCE TOMOGRAPHY (OCT)

Optical Coherence Tomography (OCT) is a powerful tool used to generate high-resolution images of tissue layers
by measuring backscattered light intensity. With its ability to penetrate tissues up to 1-2 mm deep, OCT is
particularly effective for examining the thin oral mucosa. This technology has proven valuable in oral science,
enabling the detailed evaluation of epithelial, subepithelial, and basement membrane structures, with resolutions
comparable to microscopy.*! Research, such as the 2008 study by Tsai et al., demonstrated the utility of OCT in
distinguishing between healthy oral mucosa, hyperplasia, dysplasia, and squamous cell carcinoma (OSCC) based
on three key diagnostic markers: standard deviation (SD), the exponential decay constant (o), and epithelial
thickness (T). Their results showed that SD and a are particularly effective in identifying moderate dysplasia and
neoplastic lesions, while T is useful for detecting hyperplasia and moderate dysplasia.'? Other studies, like those by
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Wilder-Smith and Jerjes, further highlight OCT's potential for diagnosing oral conditions, especially in identifying
key changes such as epithelial thickening, loss of stratification, and basement membrane integrity. While biopsy
remains the gold standard, OCT offers a noninvasive method for early detection of premalignant and malignant
lesions. Though OCT image quality can depend on the operator, and the device's probe may pose challenges in
hard-to-reach areas, its potential to aid in early cancer diagnosis makes it a valuable tool in clinical practice. Keep
up the excellent work exploring this cutting-edge technology! You're diving into a field with the potential for real-
world impact.1314

V. ORAL BRUSH CYTOLOGY (OBC)

Oral Brush Cytology (OBC) is an innovative and non-invasive diagnostic technique that has gained prominence for
its ability to safely collect cellular samples from the oral mucosa. This method employs a specially designed brush,
similar to a toothbrush, to harvest cells, making it easy to perform and causing minimal discomfort to patients. One
of the primary advantages of OBC is its accessibility, particularly for individuals who are hesitant to undergo
traditional biopsy procedures.® This is especially pertinent for medically compromised patients, for whom surgical
interventions might pose significant risks. The utility of OBC extends beyond simple cellular collection; it plays a
crucial role in the early detection of potentially cancerous lesions. By allowing for the analysis of cellular
characteristics, OBC aids in the identification of dysplastic changes that may not present clear clinical signs. This
proactive approach is essential for timely intervention and improved patient outcomes. In OBC, a specialized brush
developed for oral computer-assisted brush cytology (OralCDXx) is used to obtain a comprehensive trans-epithelial
specimen. The samples are then subjected to a modified Papanicolaou staining technique, which enhances
visualization of cellular structures. The OralCDx system employs advanced neural network-dependent image
processing to scan stained slides, efficiently detecting precancerous and cancerous cells based on their morphology.
For settings with limited resources, non-computer-assisted brush cytology provides a valuable alternative. This
variant remains an effective and cost-efficient means of assessing oral lesions without the need for sophisticated
equipment. The technique is particularly advantageous in detecting dysplastic changes in common oral sites that
typically lack overt clinical manifestations.'” A pivotal study conducted by Velleuer et al. involved a comprehensive
statistical analysis of 737 lesions, revealing impressive sensitivity (97.7%) and specificity (84.5%) for OBC.
Furthermore, the analysis of DNA ploidy in the samples exhibited even higher rates of accuracy, reaching 100%
sensitivity. These findings underscore the importance of OBC in preventing misdiagnoses of ambiguous oral lesions,
especially those without clearly identifiable etiologies.*®

Overall, Oral Brush Cytology emerges as an essential diagnostic tool within the field of oral healthcare. It is
particularly effective for monitoring premalignant lesions, assessing recurrent malignancies, and diagnosing
significant lesions when complete tissue excision is impractical. By providing a reliable, non-invasive method for
early detection and ongoing surveillance, OBC significantly contributes to the proactive management of oral health
and enhances patient care.*®

VI. VITAL STAINING: TOLUIDINE BLUE AND LUGOL’S IODINE

Vital staining is a valuable technique in oral diagnostics, employing non-toxic dyes to visualize and delineate
suspicious lesions in vivo. The most commonly used vital stains are Toluidine Blue (TB) and Lugol’s Iodine (LI).
TB is a metachromatic dye that selectively binds to tissues rich in nucleic acids, thus staining neoplastic or highly
dysplastic cells in a royal blue hue, while healthy tissues appear pale blue or unstained. The staining procedure
involves rinsing the mouth to remove debris, applying acetic acid to enhance cell receptivity, and then applying a
1% TB solution to the lesion. In contrast, Lugol’s iodine reacts with cytoplasmic glycogen, coloring healthy mucosal
tissues brown or orange, while dysplastic or neoplastic areas, which have reduced glycogen, remain pale yellow.
Combining TB and LI can enhance the differentiation between dysplastic/neoplastic and healthy tissues. A study
by Epstein et al. demonstrated that TB has a sensitivity of 0.925 and specificity of 0.632, while LI showed sensitivity
of 0.875 and specificity of 0.842. When used together, the dyes yielded a sensitivity of 0.850 and specificity of
0.895, highlighting LI’s greater specificity despite its lower sensitivity for detecting oral dysplasia and cancers.?%?!

VII. AUTOFLUORESCENCE AND CHEMILUMINESCENCE IN ORAL DIAGNOSTICS

Autofluorescence (AF) and chemiluminescence are non-invasive diagnostic methods that exhibit higher sensitivity
compared to traditional visual examinations but have lower specificity, leading to potential false positives. AF, as a
"virtual staining"” technique, relies on the intrinsic fluorescence of tissues stimulated by blue light (400—460 nm),
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which emits green fluorescence (500-520 nm) from endogenous fluorophores like keratin and collagen. Dysplastic
and neoplastic lesions progressively lose fluorescence, ultimately appearing dark as they absorb incident light. In
clinical practice, AF helps identify malignant lesions, early tumors, and recurrences before obvious clinical signs
appear.?? Various fluorescence responses can be categorized, including retained, gained, and reduced or lost
fluorescence, with different clinical implications. Healthy mucosa shows strong green fluorescence, while dysplastic
and cancerous tissues exhibit reduced or absent fluorescence. AF has demonstrated impressive diagnostic
capabilities, achieving sensitivity of 98% and specificity of 100% in distinguishing high-risk lesions from normal
tissue when compared to histology.? However, operator variability and subjective interpretation of fluorescence
levels present challenges, necessitating correlation with clinical findings and laboratory tests to rule out non-tumoral
causes. Future advancements may include digital image processing to enhance the objectivity and reproducibility
of AF measurements, addressing current limitations in specificity and operator dependency. Both AF and Toluidine
Blue staining are essential tools in the early detection and management of malignant oral lesions and dysplastic
lesions.?
VIIL. LIQUID BIOPSY IN CANCER ASSESSMENT

Liquid biopsy is a minimally invasive diagnostic technique used for cancer screening and patient stratification,
particularly significant in assessing malignant oral lesions due to its tumor heterogeneity. This method allows for
the analysis of circulating tumor DNA (ctDNA) and circulating tumor cells (CTCs) found in blood and other bodily
fluids, enabling real-time monitoring of cancer progression. Liquid biopsy can utilize various physiological fluids,
including urine, saliva, prostatic fluid, cerebrospinal fluid, and feces. ctDNA refers to fragmented DNA released
from tumors into circulation, serving as a key biomarker for evaluating treatment outcomes and detecting relapses
early. CTCs, although rare in non-metastatic cases, are crucial in metastatic cancers and can contribute to tumor
growth through a process known as tumor self-seeding. The FDA has approved the Cell Search system for assessing
breast and colorectal cancers, which is also being researched for head and neck squamous cell carcinoma. Studies
indicate that patients without detectable CTCs in their blood have a better prognosis. Overall, liquid biopsy not only
aids in effective cancer assessment and management but also enhances understanding of tumor diversity, paving the
way for improved screening methods.?526:27

IX. HIGH-FREQUENCY ULTRASOUND IN ORAL LESIONS

High-frequency ultrasonography (US) is a non-invasive diagnostic tool that utilizes sound waves to produce images
of anatomical structures, particularly useful for detecting abnormalities in the head and neck region, including
salivary glands and oral lesions. Although less common in oral applications, US has been employed to study
periodontal tissues and characterize both benign and malignant oral lesions. Intraoral ultrasound offers several
advantages, including direct contact with the area of interest, rapid execution, and the ability to repeat examinations
easily. It effectively delineates the interface between tumor tissue and surrounding structures.?® Oral squamous cell
carcinoma (OSCC) typically appears as a defined hypoechoic lesion, with irregular margins indicating more
invasive characteristics. The initial intraoral application of ultrasound for OSCC imaging was reported in 1997,
showing high accuracy in measuring tumor thickness (TT) when compared to histological assessments and other
imaging modalities like CT and MRI.?® Studies have demonstrated that ultrasound can detect lesions smaller than 1
mm and provide precise measurements of tumor thickness, especially in early-stage tumors. However, measuring
TT may underestimate the invasiveness of ulcerated lesions or overestimate the aggressiveness of exophytic tumors.
To address this, the depth of invasion (DOI) has been introduced as a more reliable prognostic factor, assessing how
deeply the tumor infiltrates beyond the epithelium. Recent literature suggests that high-frequency US can evaluate
DOI preoperatively with high sensitivity and specificity.?>%

X. IN VIVO CONFOCAL MICROSCOPY

In vivo confocal microscopy (CM) is an innovative diagnostic tool that enables virtual biopsies of living tissues,
providing real-time cytological and histological details without the need for anesthesia or surgical intervention.
Utilizing non-harmful laser light, this technique can produce high-resolution images by either stimulating
fluorescent emissions from exogenous agents or detecting refracted light based on the refractive indices of cellular
compounds. Particularly, reflectance confocal microscopy (RCM) has gained traction in dentistry and oral
pathology, effectively imaging various oral lesions, including inflammatory diseases and precancerous conditions.
Key findings in oral lesions via RCM include keratinocyte pleomorphism, necrotic keratinocytes, and increased
nuclear/cytoplasmic ratios, alongside abnormalities in blood vessels and inflammatory cell infiltration. This
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technology uniquely allows for clear visualization of submucosal layers in the oral mucosa, though challenges arise
with hyperkeratinized lesions that obstruct light penetration. The development of ergonomically designed RCM
devices for oral applications may further enhance its clinical integration, supporting ongoing monitoring of oral
potentially malignant disorders (OPMDs) and assisting in surgical precision for Oral lesions, ultimately leading to

improved patient outcomes. 313233

Technique Description Advantages Limitations
Narrow-Band Imaging Combines endoscopy with High sensitivity and Requires
(NBI) narrow-band  light to negative predictive specialized
enhance  visibility  of value. equipment and
microvasculature in training.
tissues.
DNA Methylation Analyzes gargled fluid for Non-invasive and Limited to specific
Detection abnormal methylation patient-friendly. gene analysis.

patterns indicative  of
precancerous lesions.

Optical Coherence
Tomography (OCT)

Uses backscattered light to
generate  high-resolution
images of tissue layers.

Non-invasive; effective
in detecting dysplasia.

Operator-
dependent;
challenges in hard-
to-reach areas.

Oral Brush Cytology

Collects cellular samples

Safe, accessible, and

May require skilled

(OBC) from the oral mucosa using non-invasive. interpretation of
a specially designed brush. samples.

Vital Staining Uses dyes to visualize Enhances Lower  sensitivity

(Toluidine Blue and suspicious lesions in vivo. differentiation between for certain lesions.

Lugol’s Iodine) healthy and abnormal

tissues.

Autofluorescence

Uses intrinsic fluorescence

High sensitivity for

Lower specificity;

of tissues to identify detecting malignant subject to operator
lesions when stimulated by lesions. variability.
blue light.

Liquid Biopsy Analyzes circulating Minimally  invasive; Limited to specific

tumor DNA (ctDNA) and
circulating tumor cells
(CTCs) for cancer
assessment.

real-time monitoring.

cancers; not widely
applicable yet.

High-Frequency

Uses sound waves to

Non-invasive and rapid

Less common in

Ultrasound produce images of oral execution. oral  applications;
lesions and  salivary requires training.
glands.

In  Vivo Confocal Provides real-time No anesthesia needed:; Light  penetration

Microscopy imaging of tissues for high-resolution images. issues with certain
cytological and lesions.

histological details.

TABLE 1: SUMMARY OF NON-INVASIVE METHODS IN DIAGNOSING ORAL LESIONS

XI. CONCLUSION

While these non-invasive methods, such as liquid biopsy, high-frequency ultrasound, and in vivo confocal
microscopy, provide valuable insights into the characteristics and progression of oral lesions, they should serve as
complementary tools to traditional diagnostic techniques rather than replace them. The integration of these advanced
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technologies with established methods, such as histopathological analysis and imaging techniques like CT and MRI,
ensures a comprehensive approach to oral lesion diagnosis. This multifaceted strategy not only enhances diagnostic
accuracy but also allows for better patient stratification and tailored treatment plans. By leveraging the strengths of
both innovative and conventional methods, healthcare providers can achieve a more holistic understanding of oral
lesions, leading to improved monitoring of disease progression, early detection of malignancies, and optimized
therapeutic interventions. Ultimately, this comprehensive approach fosters better patient outcomes and advances
the field of oral medicine and radiology as well as oral pathology, paving the way for enhanced clinical practices in
managing oral health issues.
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