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Introduction 

Oral cancer includes cancer of the lip, oral cavity, 

nasopharynx and pharynx. Squamous cell carcinoma 

(SCC) is the most common type of oral cancer 

contributing to around 84% to 97% of the cases. Oral 

cancer results from preclinical stage of oral potentially 

malignant disorders (OPMD) such as leucoplakia, lichen 

planus, erythroplakia, oral submucous fibrosis, etc. India 

has the greatest number of oral cancer cases than any 

other nation worldwide and recently came to be known 

as “The Oral Cancer Capital of the World”. It ranks 

among the top three cancers in the country. [1] 

Other malignant diseases that can occur in the oral cavity 

include tumors of the salivary glands, lymph nodes, 

bone, and soft tissue. Individuals who have had a 

previous cancer are at high risk of developing a second 

primary oral cancer. [2]   

Sex ratio indicates 2:1 male predominance. In males, 

oral cancer and lung cancer contributes greater than 25% 

cancer deaths in India and in females, breast cancer and 

oral cancer contributes 25% cancers in India. 

The cure for cancer is like the Holy Grail since most of 

the existing treatments are not effective enough to 

provide full protection from this disease.  

Reasons for difficulties in cancer treatment are: 

 Targeting cancer stem cells (CSCs) is difficult 

 Drug resistance properties of cancer stem cells make 

them immune to anticancer drugs 
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 Lack of cancer epigenetic profiling and specificity of 

existing epi-drugs 

 Problems associated with cancer diagnosis make it 

difficult to treat 

 Metastasis poses a huge problem in cancer treatment 

There are two approaches in the early detection of oral 

dysplasia and cancer:  

 Oral cancer screening programs that identify 

asymptomatic patients with suspicious lesions  

 Employing specific diagnostic tools to identify 

dysplasia and early oral cancers in asymptomatic 

patients with an oral abnormality. [3] 

Early detection is very important to reduce the mortality 

rate of patients suffering from oral cancer. Thus, there is 

a huge demand for oral cancer diagnostic techniques that 

are non-invasive, rapid, and easy-to-use 

Chemoprevention 

Chemoprevention refers to the administration of an 

agent to prevent a cancer from occurring. The agent can 

be a drug or a natural product. The agent must be easy to 

administer, cause little or no toxicity, cause no long-term 

adverse sequelae, be affordable, and ideally, should have 

the need to be administered only for a short time. 

Promising agents for chemoprevention of oral 

cancer: 

Retinoids: Retinoids can act through induction of 

differentiation and can inhibit proliferation, as well as 

cause programmed cell death. 

β Carotene: It is one of several carotenoids in the body 

and is a precursor of vitamin A. It is found in leafy green 

vegetables and yellow and orange fruits and vegetables. 

As a chemo preventive agent, it may involve antioxidant 

mechanisms as well as inhibition of free radical 

reactions. 

N-acetylcysteine: It is an antioxidant and free-radical 

scavenger that has shown chemo preventive activity in 

lung and tracheal tumours in animals. 

Nonsteroidal anti-inflammatory agents (NSAIDs): It 

have shown activity in tumour inhibition in preclinical 

head and neck cancer models. Because these compounds 

may be inhibitors of proliferation, they may be useful as 

chemo preventive agents. 

Vitamin E: Epidemiologic studies have noted an inverse 

relationship between serum vitamin E levels and oral 

cancer. Its mechanism of action postulated to be as an 

antioxidant agent. 

Interferons: It have shown additive or synergistic 

antitumor effects in combination with retinoids. 

Curcumin: It has inhibited carcinogen-induced 

tumorigenesis in an oral cancer model and is nontoxic. 

This is under consideration as a cancer preventive agent. 

[4] 

Techniques used for diagnosis of oral cancer: 

 Physical examination 

 Vital staining 

 Detailed brush cytology and Biopsy  

 Biomarker detection 

 Spectroscopy 

 Histopathological examination 

 Imaging techniques 

 Salivary biomarkers 

 Lab – on – a – chip 

 Microscopy 

Physical examination 

The physical examination consists of systematic 

inspection and palpation. The extraoral soft tissues are 

examined first, followed by the intraoral soft tissues.  

Inspection of various tissues:  
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Lip: The closed lips are inspected for texture and colour. 

The vermilion border should be observed and palpated 

for ulceration, blistering, induration and swelling.  

Parotid gland: It is palpated intraorally and extra orally, 

either bimanually (placing one hand on the cheek and 

two fingertips of the other hand on the buccal mucosa) 

or bi-digitally (placing the gland between the fingertips 

of one hand). 

Submandibular and Sublingual gland: It is palpated 

by either pressing four fingertips bilaterally on the soft 

tissue under the chin or resting the thumbs of each hand 

near the inferior mandibular border while pressing the 

fingertips inferior and medial to the mandibular border. 

The finger-tips are moved inferiorly to the hyoid bone 

and then medially and superiorly until the inferior part of 

the submandibular gland is felt. 

Anterior deep cervical Lymph nodes: It is palpated 

with the patient's head hyperextended     and turned to 

distend the sternocleidomastoid muscle. Using two 

hands, the fingertips of one gently retracts the 

sternocleidomastoid backward while the fingertips of the 

other hand, hooked around the front of the neck, palpate 

the region of the carotid sheath.  

Preauricular and postauricular Lymph nodes: The 

auricular lymph nodes are palpated by the bilateral 

placement of both hands on the skin surface with the 

fingertips arranged to cover a large surface area. 

Labial mucosa: It is inspected and then palpated using 

the fingertips of two hands to invert the upper and lower 

lips.  

Buccal mucosa: It is retracted for inspection and 

palpated using a bimanual or bi-digital technique.  

Tongue: The lateral borders of the tongue are common 

areas for oral malignancies to develop. The borders 

should be inspected for ulceration, inflammation, 

swelling or white patches. The tongue is inspected by 

grasping the tip with a gauze square and pulling out and 

moving it to the sides and upward to permit complete 

visualization of the dorsal lateral borders and ventral 

surfaces.  

Floor of the mouth: The submandibular glands located 

in the anterolateral floor of the mouth are palpated by 

placing the fingertips of one hand in the floor of the 

mouth while the fingertips of the other hand are placed 

under the chin to support the mandible. The sublingual 

glands are more difficult to palpate than the 

submandibular glands because they are more 

compressible and less distinct.  

Hard palate: With the mouth wide open and the 

patient's head tilted back, the hard and soft palates 

should be carefully inspected and palpated. [5]
 

Staining techniques 

A large majority of oral neoplasms are squamous cell or 

epidermoid carcinomas. Since these tumors continually 

exfoliate malignant cells, it was felt that examination of 

saliva specimens taken from the entire oral cavity 

following irrigation with some form of mouthwash 

might be an effective screening test for oral cancer. [6]
 

Mouthwash technique: In this Gey's balanced salt 

solution is used. Irrigation of mouth for 60 seconds with 

one ounce of Gey's Solution has to be done. A specimen 

with a cell population typical of the entire oral cavity is 

obtained and smear and stain the specimen in the usual 

Papanicolaou method. Malignant cells will usually 

appear singly not in clumps and present little problem in 

identification. [6]
 

Toluidine blue staining: Toluidine blue (TB) 

chemically is referred to as tolonium chloride. In this 

technique, application of 1% TB solution for 20 s either 

with cotton swab has to be done when a mucosal lesion 
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is seen or given as a rinse when no obvious lesion is 

detected. A dark blue (royal or navy) stain of either the 

entire lesion or a portion of it is considered as positive 

stain, lack of colour absorption by the lesion as negative 

stain, and light or pale blue staining as doubtful. [7]
 

Methylene blue staining: Methylene blue (MB) dye 

system includes two bottles of solution. Bottle A, the 

dye rinse solution containing Methylene blue and bottle 

B containing pre- and post-rinse solution. Rinsing with 

1% MB dye for 20 s has to be done. Local, stippled, 

patchy, and deep blue stains are marked as positive 

reaction. Wide, shallow, or faint blue stains are marked 

as negative reaction. If the blue stain is washed out, 

negative reaction is recorded. [7]
 

Lugol’s iodine staining: Lugol's solution consists of 

iodine and potassium iodide. It has been used in varying 

concentrations: 1, 1.25, 1.5, 2, 3, and 10%. Staining with 

3% Lugol's solution, followed by 5% has been found to 

be more effective. It is found to be useful in determining 

the adequacy of surgical margins for local resection and 

hence thereby useful in reducing the locoregional 

recurrence. Further studies are essential to assess the 

effectiveness of Lugol's iodine. [7]
 

Acetic acid staining: A piece of gauze soaked with 5% 

of acetic acid is applied on to a cleaned and dried lesion 

for 60 s. Positive finding is designated as a lesion that 

changes colour to opaque white and negative finding is a 

lesion that shows no change or changes to transparent 

white. It acts by causing dehydration of the cells, thereby 

producing a white appearance. The higher nuclear 

content in premalignant and malignant lesions reacts 

with the acetic acid producing an acetowhite appearance. 

[7]
 

Double staining: Studies have been done wherein few 

authors have used combination of two dyes to aid in the 

assessment of oral malignant diseases. The basis of the 

mucosal double staining technique was that MB stains 

lesion blue and Lugol's iodine reversibly stains glycogen 

brown. Normal squamous epithelium appears unstained 

because it does not absorb MB, but in abnormal mucosa 

the superficial epithelium is often stained blue because it 

absorbs MB. Therefore, the areas-stained blue indicates 

the existence of carcinoma, the area-stained brown 

belongs to normal squamous mucosa and the area 

between both the colours clarifies the invasive lesion of 

carcinoma. [7]
 

Rose Bengal (RB) staining: Studies demonstrated that 

RB staining may be a valuable diagnostic technique in 

the detection of oral premalignant disorders and oral 

cancer. Zhang et al. (2013) combined fluorescence 

spectroscopic techniques with RB staining to detect oral 

premalignant disorders in an animal model in vivo and 

reported that the method showed excellent sensitivity. 

Studies have demonstrated that Rose - Bengal-

conjugated Gold Nanorod (RB-GNR) platform has 

positive significance in detecting cancer cells, but it has 

not yet been used in a clinical setting. [8]
 

Detailed brush cytology 

Brush cytology can be a non-invasive means of 

diagnosing dysplasia and early carcinoma in those 

patients who are either asymptomatic or in those with 

minor symptoms who do not warrant immediate biopsy. 

The dysplastic and cancerous cells tend to have weaker 

connections to each other and to their neighboring 

normal cells. Therefore, tend to “slough off” or exfoliate 

preferentially and can easily be collected from the 

surface of the lesion. Exfoliative cytology performed on 

oral cancers has high false negative rates, due to the fact 

that cytology instruments do not sample the deepest 

layers of the oral lesion that is basal cell layer, where 
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abnormal cells within an oral precancerous or cancerous 

lesion will be present. [9]
 

Biopsy: Biopsy is the removal of a tissue sample from a 

living body with the objective of providing the 

pathologist with a representative, viable specimen for 

histopathologic interpretation and diagnosis.  

Incisional biopsy: It provides a representative sample of 

tissue for diagnostic purposes. It is the method of choice 

when the differential diagnosis includes malignancy. [10] 

Excisional Biopsy: It is the complete removal of a 

lesion          for functional and aesthetic purposes, as 

well as to confirm the clinical diagnosis. Small, 

pedunculated, exophytic lesions in accessible areas are 

excellent candidates for excisional biopsy. 

Punch Biopsy: The punch is placed on the lesioned 

tissue, and a downward, twisting motion is applied. The 

tissue core is then severed at the base with curved 

scissors. The lateral tongue and buccal mucosa are 

appropriate sites. 

Liquid biopsy: They are non -invasive blood tests that 

detect circulating tumor cells (CTC) and circulating 

nucleic acids such as mRNA, microRNA, and cell-free 

circulating tumor DNA, also known as ctDNA. The 

presence of ctDNA or CTCs in the plasma has 

prognostic impact. Since ctDNA is the DNA fragments 

released by tumor cells, it can provide a molecular 

profile of cancer. [11,12] 

Endoscopic biopsy: “Turn -and-suction” endoscopic 

biopsy technique was developed that permits the 

acquisition of larger mucosal samples. The sample is 

obtained by endoscope tip by avulsing a superficial 

mucosal sample. Endoscopic ultrasound-guided fine 

needle aspiration biopsy (EUS-FNA) has a major impact 

on the therapeutic management of patients by obtaining 

a definite tissue diagnosis from lesions outlined by 

endosonography. [13, 14]
 

Biomarker detection 

Biomarkers are the molecular signatures and indicators 

of normal biological, pathological process, and 

pharmacological response to treatment hence may 

provide useful information for detection, diagnosis, and 

prognosis of the disease. Saliva's direct contact with oral 

cancer lesions makes it more specific and potentially 

sensitive screening tool, whereas more than 100 salivary 

biomarkers (DNA, RNA, mRNA, protein markers) have 

already been identified, including cytokine s (IL-8, IL-

1b, TNF-α), defensin-1, P53, Cyfra 21-1, tissue 

polypeptide-specific antigen, dual specificity 

phosphatase, spermidine/spermineN1 -acetyltransferase, 

profilin, cofilin-1, transferrin, and many more. However, 

further research is still required for the reliability and 

validation of salivary biomarkers for clinical 

applications. [15]
 

Gene/DNA arrays: DNA microarrays (collections of 

DNA probes arranged on a shared base) are the 

commercially available laboratory-ready kits in 

molecular biology. They are used in search for various 

specific genes (e.g., connected with an infectious agent) 

or in gene polymorphism and expression analysis. They 

will be widely used to investigate expression of various 

genes connected with various diseases in order to find 

causes of these diseases and to enable their accurate. 

DNA microarrays allow simultaneous evaluation of the 

expression of hundreds of genes in a single assay. The 

parallel format of micro assay slides is designed to allow 

rapid comparison of gene expression between two 

samples, for example tumor cells and healthy cells. [16]
 

Enzyme assays: It is the method for determining 

cytotoxicity is based on measuring the activity of 
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cytoplasmic enzymes released by damaged cells. 

Example of cytoplasmic enzymes is Lactate 

dehydrogenase (LDH), which is rapidly released into the 

cell culture supernatant when the plasma membrane is 

damaged, a key feature of cells undergoing apoptosis, 

necrosis, and other forms of cellular damage. Histone 

modifying enzymes (HMEs)-catalyzed histone 

modifications are important epigenetic markers that play 

critical roles in the regulation of gene expression. The 

aberrant histone modifying enzyme activity and the 

abnormal histone modification level are closely 

associated with cancers. Consequently, the development 

of efficient assays for accurate and sensitive detection of 

histone modifications and HMEs are crucial for disease 

diagnosis. Alteration of glycosylation, a hallmark of 

cancer, results in the production of tumor-associated 

glycans or glycoproteins. The glycosylation markers, 

applicable for detection and monitoring of cancer, 

include CA19-9, CA125, CEA, PSA and AFP. various 

enzyme -linked lectin assays (ELLA) and chemokines in 

oral fluids can also be used as a marker of both the early 

detection of malignant disease and progression to 

malignancy. [17-20] 

Liquid chromatography: Specifically, different types 

of cancer might exhibit differentiated metabolic profile 

where an ensemble of metabolites are secreted 

extracellularly into the blood. Profiling such secreted 

metabolites using liquid chromatography mass 

spectrometry (LC-MS) might provide clues to the type 

of cancer and its clinical stage. Example: An ultra-

performance liquid chromatography-electrospray 

ionization-mass spectrometry (UPLC-ESI-MS) method 

for the determination of salivary L-phenylalanine and L-

leucine for early diagnosis of oral squamous cell 

carcinoma (OSCC). [21, 22]
 

Immunohistochemistry (IHC): It is the utilization of 

monoclonal and polyclonal antibodies for the detection 

of specific antigens in tissue sections. 

Immunohistochemistry techniques have allowed labs to 

develop and validate multiplex assays that improve 

diagnostic utility-such as CD5/PAX5 and TCF4/CD123 

dual-colour stains-and have the potential to enhance the 

specificity of biomarker detection and it can detect 

mutant proteins (e.g., BRAF V600E and IDH1 R132H), 

which provides a helpful replacement and/or adjunct for 

molecular testing. [23, 24] 

Immunoprecipitation: It is a technique in which an 

antigen is isolated by binding to a specific antibody 

attached to a sedimentable matrix. Cell-free chromatin 

Immunoprecipitation (cfChIP), which for genes having 

high expression specifically in the tumor, can determine 

such gene - expression from blood plasma. 

immunoprecipitation analysis was used to determine the 

endogenous interaction between Osteopontin (OPN) and 

integrin αvβ3. OPN, a chemokine-like protein, plays a 

crucial role in the proliferation and metastasis of various 

cancers. More importantly, soluble OPN could promote 

immunohistochemistry progression via the integrin 

αvβ3-NF-kappa B pathway, and the combination of 

OPN and Interleukin-6 had a better prognostic and 

diagnostic performance in immunohistochemistry than 

either molecule alone. [25, 26]
 

Spectroscopy 

Study of the absorption and emission of light and other 

radiation by matter, as related to the dependence of these 

processes on the wavelength of the radiation. [27]
 

Raman spectroscopy (RS): This technique probes 

molecular vibrations/rotations associated with chemical 

bonds in a sample to obtain information on molecular 

structure, composition, and intermolecular interactions. 



 Dr. G Sasipriyadarsini,  et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2022, IJMACR, All Rights Reserved 

 
                                

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

P
ag

e2
3

3
 

  

Since each sample has a unique composition, the 

spectroscopic profile arising from Raman -active 

functional groups of nucleic acids, proteins, lipids, and 

carbohydrates allows for the evaluation, characterization, 

and discrimination of tissue type. This work studies the 

efficacy of RS in detecting oral cancer using sub -site-

wise differentiation. [28]
 

Elastic scattering spectroscopy (ESS): It is a real time 

in vivo optical technique which detects changes in the 

physical properties of cells and has been shown to be 

accurate in the identification of abnormalities of soft 

tissue such as ischemia and inflammation, pre - cancer 

and cancer. The contact fibre optic probe will be used to 

obtain spectral signals and it is placed in direct contact 

with tissue. Four to ten spectral readings can be obtained 

from various sites including gross tumor and normal 

appearing mucosa in the surgical margin. Each reading 

should be correlated with the histopathologic findings of 

biopsies taken from the exact location of the spectral 

readings. [29, 30]
 

Fourier transform infrared (FTIR) spectroscopy: It 

probes the vibrational properties of amino acids and 

cofactors, which are sensitive to minute structural 

changes. In cancer research, it has the ability to elucidate 

qualitative and quantitative information of biochemical 

content and molecular-level structural changes in 

complex biological systems. The diagnosis of a disease 

is based on biochemical changes underlying the disease 

pathology rather than morphological changes of the 

tissue. It is a versatile method that can work with tissues, 

cells, or body fluids. It is a useful tool for analyzing in 

situ and at cellular level, very small areas of tissues and 

cells, with minimal sample preparation and without the 

use of stains or probes. [31-33]
 

Matrix-assisted laser desorption/ionization mass 

spectrometry (MALDI-MS): It identifies the 

distributions of proteins, peptides, small molecules, 

lipids, and drugs and their metabolites in tissues, with 

high spatial resolution. This unique capacity to directly 

analyze tissue samples without the need for lengthy 

sample preparation reduces technical variability and 

renders MALDI-IMS ideal for the identification of 

potential diagnostic and prognostic biomarkers and 

disease gradation. [34]
 

Optical coherence tomography (OCT): It is a non-

invasive diagnostic technique providing cross-sectional 

images of biologic structures based on the differences in 

tissue optical properties. It is used to clinically scan oral 

precancer and cancer patients for statistically analyzing 

the effective indicators of diagnosis. Three indicators are 

considered: 

 Standard deviation (SD) of an A-mode scan signal 

profile  

 Exponential decay constant (alpha) of an A-mode-

scan spatial-frequency spectrum  

 Epithelium thickness (T) when the boundary 

between epithelium and lamina propria can still be 

identified 

Generally, in abnormal mucosa, the standard deviation 

becomes larger, the decay constant of the spatial-

frequency spectrum becomes smaller, and epithelium 

becomes thicker. The sensitivity and specificity of the 

three indicators are discussed based on universal and 

individual relative criteria. It is found that SD and alpha 

are good diagnosis indicators for moderate dysplasia and 

squamous cell carcinoma. On the other hand, T is a good 

diagnosis indicator for epithelia hyperplasia and 

moderate dysplasia. [35, 36]
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Laser-induced autofluorescence (LIAF): It is an 

emerging non-invasive technique in the biomedical field, 

especially for cancer detection. It will help to develop a 

spectral ratio reference standard (SRRS) to discriminate 

different grades of oral cancer. This imaging exploits the 

difference in tissue autofluorescence properties between 

normal and cancerous tissues. [37, 38]
 

Diffuse reflectance spectroscopy (DRS): In this 

technique, output of a tungsten halogen lamp is guided 

to the tissue through the central fibre of a reflection 

probe who’s surrounding six fibres collects tissue 

reflectance. Reflectance spectral intensity is higher in 

malignant tissues and shows dips at 542 and 577 nm 

owing to absorption from oxygenated hemoglobin 

(HbO2). It is observed that reflectance intensity ratio of 

hemoglobin bands, R540/R575, from malignant sites are 

always lower than that from normal sites and vary 

according to the histological grade of malignancy. This 

diffuse reflectance intensity ratio R540/R575 appears to 

be a useful tool to discriminate between malignant 

lesions and normal mucosa of the oral cavity. [39]
 

Histopathological examination 

It means the study of tissues related to disease. Samples 

of tissue can be obtained with procedures such as 

endoscopy, colonoscopy, and colposcopy, or with 

surgical procedures such as a breast biopsy. Many of the 

pathologist’s findings are used to help determine 

prognosis, especially in cases of cancer. Prognosis is the 

prediction or estimate of survival or recovery from a 

disease. [40, 41]
 

Imaging techniques 

Preoperative imaging has been shown to predict known 

prognostic determinants in oral cancer, such as bone 

involvement, nodal involvement, extra nodal extension, 

and perineural invasion.  Although the sensitivity and 

specificity vary with the imaging modality and with 

several patient-related factors, reliable prognostic detail 

can be achieved for a proportion of patients. 

optimal imaging methods for oral squamous cell 

carcinoma: 

 Multi detector computed tomography (MDCT) with 

intravenous contrast along with puffed cheek 

technique as the sole imaging modality in resource-

limited regions 

 Optimized imaging choices depending on the 

clinical need in centres with state-of-the-art 

facilities: 

o MDCT for lesions of the oral cavity, 

including retromolar trigone region 

o Magnetic resonance imaging (MRI) for the 

oral tongue, hard and soft palate, for 

advanced disease with bone marrow or skull 

base involvement, or when there is an 

indication to exclude perineural spread 

 Nodal assessment is optimally performed with 

computed tomography (CT) or MRI. In addition, 

ultrasound-guided fine-needle biopsy can be useful 

in defining involved cervical nodes 

 Chest evaluation is best undertaken with MDCT 

performed in concert with primary site CT for 

pulmonary abnormalities such as tuberculosis 

 Positron emission tomography computed 

tomography (PETCT) is the method of choice for 

evaluating distant metastases but is generally 

performed subsequent to initial staging cross-

sectional imaging (MDCT and/or MRI). [42] 

Ultra sound (US) is a useful tool for the pre- and 

intraoperative assessment of oral tongue squamous cell 

carcinomas and show potential as a predictor of lymph 

node metastasis. Further prospective research using 
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standardized imaging protocols and well-defined patient 

populations needs to be done to establish US as a robust 

adjunct to prognostic counselling and therapeutic 

decision making. [43]
 

Saliva as a diagnostic tool 

Saliva testing, a non-invasive effective modality for 

diagnosis and for prognosis prediction of oral cancer, as 

well as for monitoring post therapy status, by measuring 

specific salivary macromolecules, examining proteomic 

or genomic targets such as enzymes, cytokines, growth 

factors, metalloproteinases, endothelin, telomerase, 

cytokeratins, mRNAs and DNA transcripts. [44]
 

Lab – on – a – chip 

Broadly, microfluidics technology -also referred to as 

lab-on-a-chip or micro-total-analysis systems (TAS)-is 

the adaptation, miniaturization, integration, and 

automation of analytical laboratory procedures into a 

single device or "chip." Microfluidics is often regarded 

as the chemistry or biotechnology equivalent of the 

silicon integrated circuit chip that has revolutionized 

electronics, computers, and communications. The 

detection of oral dysplastic and cancer cells within the 

chip utilizes mem braneassociated cell proteins that are 

singularly expressed on the cell membranes of dysplastic 

and cancer cells as well as their unique gene 

transcription profiles. [45]
  

Microscopy 

Spectral cytopathology (SCP) is a recently developed 

technique for diagnostic differentiation of disease in 

individual exfoliated cells. Multispectral digital 

microscope (MDM) has also been utilized as a tool to 

improve detection of oral neoplasia. MDM acquires in-

vivo images in different modes i.e., fluorescence, 

narrow-band (NB) reflectance, and orthogonal polarized 

reflectance (OPR) to enable evaluation of lesions. The 

direct visualization of subclinical field changes around 

oral cancers, documenting alterations in fluorescence 

and direct FV can identify subclinical high-risk fields 

with cancerous and precancerous changes. [46-48] 

Conclusion 

Early diagnosis of oral cancer is a priority health 

objective, in which oral health professionals may play a 

pivotal role. There has been a dramatic increase in the 

development of many potential oral cancer screening 

techniques in last few years. So, it is highly important to 

have clear knowledge about the usage of various 

diagnostic aids that can be used during chair side 

diagnosis mentioned here. Which on proper usage can 

decrease the risk of morbidity and mortality associated 

with oral cancer. 

References 

1. Hindol Das and Shilpa Motghare - India as “The 

Oral Cancer Capital of the World”: The Rising 

Burden of Oral Malignancies across the Nation - 

International Journal of Science and Healthcare 

Research - Vol.6; Issue: 2; April-

June2021DOI:https://doi.org/10.52403/ijshr.202104

19 2455-7587 

2. Textbook of Burket’s oral Medicine – 12th edition 

3. Ravi Mehrotra, Dwijendra K. Gupta – Exciting new 

advances in oral cancer diagnosis: avenues to early 

detection – Head and neck oncology Vol 3 2011 - 

doi: 10.1186/1758-3284-3-33 

4. Mangalath U, Aslam SA, Abdul Khadar AH, Francis 

PG, Mikacha MS, Kalathingal JH. Recent trends in 

prevention of oral cancer. J Int Soc Prev Community 

Dent. 2014 Dec;4(Suppl 3):S131-8. doi: 

10.4103/2231-0762.149018. PMID: 25625069; 

PMCID: PMC4304049. 

https://dx.doi.org/10.1186%2F1758-3284-3-33


 Dr. G Sasipriyadarsini,  et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2022, IJMACR, All Rights Reserved 

 
                                

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

P
ag

e2
3

6
 

  

5. Weinberg, Mea A, and Denise J Estefan. “Assessing 

ora l malignancies.” American family physician vol. 

65,7 (2002): 1379- 84. 

6. JamesT. Helsper, M.D., https://acsjournals. 

onlinelibrary.wiley.com/doi/pdf/10.3322/canjclin.22.

3.172 

7. Sudheendra US, Sreeshyla HS, Shashidara R. Vital 

tissue staining in the diagnosis of oral precancer and 

cancer: Stains, technique, utility, and reliability. Clin 

Cancer Investigation J 2014;3:141-5 

8. Liu, Dongjuan et al. “Non-Invasive Techniques for 

Detection and Diagnosis of Oral Potentially 

Malignant Disorders.” The Tohoku journal of 

experimental medicine vol. 238,2 (2016): 165-77. 

doi:10.1620/tjem.238.165 

9. Detailed brush cytology – The Oral cancer 

Foundation – Head & Neck cancer J Can Dent 

Assoc 2012;78: 

10. Poulet G, Massias J, Taly V. Liquid Biopsy: General 

Concepts. Acta Cytol. 2019;63(6):449-455. Doi: 

10.1159/000499337. Epub 2019 May 15. PMID: 

31091522. 

11. Von Bubnoff N. Liquid Biopsy: Approaches to 

Dynamic Genotyping in Cancer. Oncol Res Treat. 

2017;40(7-8):409-416. Doi: 10.1159/000478864. 

Epub 2017 Jul 13. PMID: 28693026. 

12. M, Zhao H. Next-generation sequencing in liquid 

biopsy: cancer screening and early detection. Hum 

Genomics. 2019 Aug 1;13(1):34. Doi: 

10.1186/s40246-019-0220-8. PMID: 31370908; 

PMCID: PMC6669976 

13. Levine DS, Reid BJ. Endoscopic biopsy technique 

for acquiring larger mucosal samples. Gastrointest 

Endosc. 1991 May-Jun;37(3):332-7. Doi: 

10.1016/s0016-5107(91)70726-8. PMID: 2070985 

14. Vilmann P, Săftoiu A. Endoscopic ultrasound-

guided fine needle aspiration biopsy: equipment and 

technique. J Gastroenterol Hepatol. 2006 

Nov;21(11):1646-55. Doi: 10.1111/j.1440- 

1746.2006.04475.x. PMID: 16984583 

15. Khurshid, Zohaib et al. “Role of Salivary 

Biomarkers in Oral Cancer Detection.” Advances in 

clinical chemistry vol. 86 (2018): 23-70. 

doi:10.1016/bs.acc.2018.05.002 

16. Bednár M. DNA microarray technology and 

application. Med Sci Monit. 2000 Jul-Aug;6(4):796-

800. PMID: 11208413. 

17. Kumar P, Nagarajan A, Uchil OF. Analysis of Cell 

Viability by the Lactate Dehydrogenase Assay. Cold 

Spring Harb Protoc. 2018 Jun 1;2018(6). Doi: 

10.1101/pdb.prot095497. PMID: 29858337. 24.  

18. Ma F, Jiang S, Zhang CY. Recent advances in 

histone mod ification and histone modifying enzyme 

assays. Expert Rev Mol Diagn. 2019 Jan;19(1):27-

36. Doi: 10.1080/14737159.2019.1559053. Epub 

2018 Dec 19. PMID: 30563379 25.  

19. Silsirivanit A. Glycosylation markers in cancer. Adv 

Clin Chem. 2019;89:189-213. Doi: 

10.1016/bs.acc.2018.12.005. Epub 2019 Jan 17. 

PMID: 30797469. 26.  

20. Prasad G, McCullough M. Chemokines and 

cytokines as salivary biomarkers for the early 

diagnosis of oral cancer. Int J Dent. 

2013;2013:813756. Doi: 10.1155/2013/813756. 

Epub 2013 Nov 26. PMID: 24376459; PMCID: 

PMC3860143. 

21. Ng W. 2019. Possibility of detecting cancer using 

liquid chromatography mass spectrometry profiling 

of cancer signature metabolome in blood. PeerJ 

Preprints 7:e27660v1  



 Dr. G Sasipriyadarsini,  et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2022, IJMACR, All Rights Reserved 

 
                                

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

P
ag

e2
3

7
 

  

22. Wang Q, Gao P, Cheng F, Wang X, Duan Y. 

Measurement of salivary metabolite biomarkers for 

early monitoring of oral cancer with 

ultraperformance liquid chromatography-mass 

spectrometry. Talanta. 2014 Feb;119:299-305. Doi: 

10.1016/j. talanta.2013.11.008. Epub 2013 Nov 21. 

PMID: 24401418. 

23. Duraiyan J, Govindarajan R, Kaliyappan K, 

Palanisamy M. Applications of 

immunohistochemistry. J Pharm Bioallied Sci. 2012 

Aug;4(Suppl 2):S307-9. doi: 10.4103/0975-

7406.100281. PMID: 23066277; PMCID: 

PMC3467869. 

24. Sukswai N, Khoury JD. Immunohistochemistry 

Innovations for Diagnosis and Tissue-Based 

Biomarker Detection. Curr Hematol Malig Rep. 

2019 Oct;14(5):368-375. Doi: 10.1007/s11899-019- 

00533-9. PMID: 31338668. 

25. Bonifacino JS, Dell'Angelica EC, Springer TA. 

Immunoprecipitation. Curr Protoc Mol Biol. 2001 

May;Chapter 10:Unit 10.16. doi: 

10.1002/0471142727.mb1016s48. PMID: 18265056. 

26. Qin X, Yan M, Wang X, Xu Q, Wang X, Zhu X, Shi 

J, Li Z, Zhang J, Chen W. Cancer-associated 

Fibroblast-derived IL-6 Promotes Head and Neck 

Cancer Progression via the Osteopontin -NF-kappa 

B Signaling Pathway. Theranostics. 2018 Jan 

1;8(4):921 -940. Doi: 10.7150/thno.22182. Erratum 

in: Theranostics. 2022 Jan 21;12(4):1730-1731. 

PMID: 29463991; PMCID: PMC5817102. 

27. Graybeal, Jack D., Stoner, John Oliver, Hurst, 

George Samuel and Chu, Steven. "spectroscopy". 

Encyclopedia Britannica, 29 Mar. 2021, 

https://www.britannic a.com/science/spectroscopy. 

Accessed 5 March 2022. 

28. Auner GW, Koya SK, Huang C, Broadbent B, 

Trexler M, Auner Z, Elias A, Mehne KC, Brusatori 

MA. Applications of Raman spectroscopy in cancer 

diagnosis. Cancer Metastasis Rev. 2018 

Dec;37(4):691-717. Doi: 10.1007/s10555-018-9770-

9. PMID: 30569241; PMCID: PMC6514064. 

29. Upile T, Jerjes W, Radhi H, Mahil J, Rao A, Hopper 

C. Elastic scattering spectroscopy in assessing skin 

lesions: an "in vivo" study. Photodiagnosis Photodyn 

Ther. 2012 Jun;9(2):132-41. doi: 

10.1016/j.pdpdt.2011.12.003. Epub 2011 Dec 27. 

PMID: 22594983. 

30. The Color of Cancer: Margin guidance for oral 

cancer resection using elastic scattering 

spectroscopy Gregory A. Grillone, MD, FACS, Zhi 

Wang, MD, […], and Irving J. Bigio, PhD 

31. Berthomieu C, Hienerwadel R. Fourier transform 

infrared (FTIR) spectroscopy. Photosynth Res. 2009 

Aug-Sep;101(2-3):157-70. Doi: 10.1007/s11120-

009-9439-x. Epub 2009 Jun 10. PMID: 19513810.  

32. Wang R, Wang Y. Fourier Transform Infrared 

Spectroscopy in Oral Cancer Diagnosis. Int J Mol 

Sci. 2021 Jan 26;22(3):1206. Doi: 

10.3390/ijms22031206. PMID: 33530491; PMCID: 

PMC7865696.  

33. Giorgini E, Conti C, Rocchetti R, Rubini C, 

Sabbatini S, Librando V, Tosi G. Study of oral 

cavity lesions by infrared spectroscopy. J Biol Regul 

Homeost Agents. 2016 Jan-Mar;30(1):309-14. 

PMID: 27049108. 

34. Y, Durer ZA, Atak H, Kadioglu E, Sahin B, Coskun 

A, Baykal AT, Ozpinar A. Clinical applications of 

MALDI imaging technologies in cancer and 

neurodegenerative diseases. Biochim Biophys Acta 

Proteins Proteom. 2017 Jul;1865(7):795 -816. Doi: 



 Dr. G Sasipriyadarsini,  et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2022, IJMACR, All Rights Reserved 

 
                                

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

P
ag

e2
3

8
 

  

10.1016/j.bbapap.2017.01.005. Epub 2017 Jan 10. 

PMID: 28087424. 

35. Katkar RA, Tadinada SA, Amaechi BT, Fried D. 

Optical Coherence Tomography. Dent Clin North 

Am. 2018 Jul;62(3):421 -434. Doi: 

10.1016/j.cden.2018.03.004. PMID: 29903559. 

36. MT, Lee HC, Lee CK, Yu CH, Chen HM, Chiang 

CP, Chang CC, Wang YM, Yang CC. Effective 

indicators for diagnosis of oral cancer using optical 

coherence tomography. Opt Express. 2008 Sep 

29;16(20):15847-62. Doi: 10.1364/oe.16.015847. 

PMID: 18825221 

37. Mallia RJ, Thomas SS, Mathews A, Kumar R, 

Sebastian P, Madhavan J, Subhash N. Laser-induced 

autofluorescence spectral ratio reference standard for 

early discrimination of oral cancer. Cancer. 2008 

Apr 1;112(7):1503-12. doi: 10.1002/cncr.23324. 

PMID: 18260154. 

38. Kulapaditharom B, Boonkitticharoen V. Laser-

induced fluorescence imaging in localization of head 

and neck cancers. Ann Otol Rhinol Laryngol. 1998 

Mar;107(3):241 -6. Doi: 

10.1177/000348949810700310. PMID: 9525247. 

39. N, Mallia JR, Thomas SS, Mathews A, Sebastian P, 

Madhavan J. Oral cancer detection using diffuse 

reflectance spectral ratio R540/R575 of oxygenated 

hemoglobin bands. J Biomed Opt. 2006 Jan-

Feb;11(1):014018. Doi: 10.1117/1.2165184. PMID: 

16526895. 

40. Wilson ML, Fleming KA. Global Cancer Care: The 

Role of Pathology. Am J Clin Pathol. 2016 

Jan;145(1):6-7. doi: 10.1093/ajcp/aqv030. PMID: 

26712865.   

41. Schafer KA, Eighmy J, Fikes JD, Halpern WG, 

Hukkanen RR, Long GG, Meseck EK, Patrick DJ, 

Thibodeau MS, Wood CE, Francke S. Use of 

Severity Grades to Characterize Histopathologic 

Changes. Toxicol Pathol. 2018 Apr;46(3):256-265. 

Doi: 10.1177/0192623318761348. Epub 2018 Mar 

12. PMID: 29529947. 

42. Subramaniam, N.; Poptani, H.; Schache, A.; Bhat, 

V.; Iyer, S.; Sunil, H.; Chandrasekhar, N.H.; Pillai, 

V.; Chaturvedi, P.; Krishna, S.H.; et al. Imaging 

advances in oral cavity cancer and perspectives from 

a population in need: Consensus from the UK-India 

oral cancer imaging group. J. Head Neck Physicians 

Surg. 2021, 9, 4.  

43. Tarabichi O, Bulbul MG, Kanumuri VV, Faquin 

WC, Juliano AF, Cunnane ME, Varvares MA. 

Utility of intraoral ultrasound in managing oral 

tongue squamous cell carcinoma: Systematic review. 

Laryngoscope. 2019 Mar;129(3):662-670. doi: 

10.1002/lary.27403. Epub 2018 Aug 27. PMID: 

30151976. 

44. Rafael M. Nagler, Saliva as a tool for oral cancer 

diagnosis and prognosis, Oral Oncology, Volume 

45, Issue 12, 2009, Pages 1006 - 1010, ISSN 1368-

8375, https://doi. org/ 10.1016/ 

j.oraloncology.2009.07.005. 

45. Papamarkakis K, Bird B, Bedrossian M, Laver N, 

Wein R Diem M. Cytopathology by optical 

methods: spectral cytopathology of the oral mucosa. 

Lab Invest. 2010;90(4):589–98. doi: 

10.1038/labinvest.2010.1. 

46. Roblyer D, Richards-Kortum R, Sokolov K, El-

Naggar AK, Williams MD, Kurachi C, Gillenwater 

AM. Multispectral optical imaging device for in 

vivo detection of oral neoplasia. J Biomed Opt. 

2008;13(2):024019. doi: 10.1117/1.2904658 7 



 Dr. G Sasipriyadarsini,  et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2022, IJMACR, All Rights Reserved 

 
                                

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

P
ag

e2
3

9
 

  

47. Poh CF, Zhang L, Anderson DW, Durham JS, 

Williams PM, Priddy RW, Berean KW, Ng S, Tseng 

OL, MacAulay C, Rosin MP. Fluorescence 

visualization detection of field alterations in tumor 

margins of oral cancer patients. Clin Cancer Res. 

2006;12(22):6716–22. doi: 10.1158/1078-

0432.CCR-06-1317.  

48. Dr. Sangeetha Priya.P, Dr. N. Aravindha Babu 

MDS, Dr. N. Aravindha Babu MDS, Dr. N. 

Aravindha Babu MDS, - chair side diagnostic aids in 

early detection of oral cancer For general dental 

practitioners - European Journal of Molecular & 

Clinical Medici ne ISSN 2515-8260 Volume 07, 

Issue 10, 2020 

 

 

 


