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ABSTRACT
Oral mucosa undergoes continuous rapid turnover and this result in exfoliation of cells. These cells play a vital role in pre-diagnostic assays as they
reflect the systemic conditions which induce cyto-morphological and nucleo-morphological variations in the cell. Though it was initially used for
diagnosis of potentially malignant disorders and other malignancies, its use has extended to diagnose hormonal activities, iron deficiency anemia,
diabetes and many more systemic disorders. They are usually directly stained and visualized under a light microscope. However molecular analysis,
DNA analysis and other immune histochemical studies are also performed using this technique. Its rapidity, simplicity and specificity makes it a test
of high diagnostic value. This review discusses the concepts, historical aspects and recent advancements of exfoliative cytology and its use in clinical
scenario.
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INTRODUCTION
Oral mucosa exhibits a rapid turnover of cells and these
exfoliated cells have a valuable role in diagnosis of certain local
and systemic diseases. Oral cavity reflects the various events
occurring in the body and this is reflected by cytomorphological
and nucleomorphological variations in the exfoliated cells.
Exfoliative cytology is based on the monitoring the exfoliated
cells or cells flake off the mucosa wither through natural or
artificial means [1].
It is implemented a prediagnostic tool in potentially malignant
disorders like leukoplakia and oral cancers chiefly oral squamous
cell carcinoma. Recently, its role has extended into predicting
systemic conditions like determination of diabetes, iron deficiency
anaemia and hormonal changes [2]. Cytological specimens are
recently analysed for nuclear DNA content, immunohistochemical

tumour cell marker identification and molecular analysis [3]. It is
also used in extraction of RNA to which markers are exposed.
Epigenetic alterations (promoter hypermethylation), genomic
instability and loss of heterozygosity (LOH), microsatellite instability
(MSI), and restriction fragment length polymorphism (RFLP) are
other molecular markers that are being used [4].
Historical aspects of exfoliative cytology
The history of exfoliative cytology dates back to 1860 when Bhale
described the morphology of malignant cells in sputum of
oropharyngeal carcinoma [2]. The use of exfoliative cytology was
restricted to gynaecological diagnosis. However Papianacolaou and
Traut introduced new methods of staining and collection of
specimens [5,6]. The use of exfoliative cytology extended into oral
cavity when comparative studies were conducted to study the
cervical and oral cytology in menstrual cycles [7].

Table 1: Milestones in the development of Oral exfoliative cytology
Authors
Beale
Weinmann
Ziskin et al.
Papanicolaou
Papanicolaou andTraut
Morrison et al.

Year
1860
1940
1941
1942
1943
1949

Landmarks
Cytological examination of sputum in a case of pharyngeal carcinoma 1940
Cytological examination of oral cellular keratinization
Effects of the menstrual cycle on oral cellular morphology
Introduction of a staining procedure for cytological smears
Cytological diagnosis of uterine cancer
Cytological diagnosis of nasopharyngeal malignancies

Table 2: Methodolgies and its modifications of exfoliative cytology
Authors
Gladstone
Schneider
Cawson
King
Staats and Goldsby
Sandler
Dumbach et al

Year
1951
1952
1960
1963
1963
1964
1981

Landmarks
Improved quantities of obtained cells by use of a ‘‘sponge biopsy’’
Modifications of staining
Modifications of staining
Use of frosted glass slides
Comparison of wooden and metal spatula. Recommendation of the metal spatula
Removal of keratotic layers with a sharp curette
Smear curettage’. Inclusion of deeper cell layers by use of a curette

Montgometry and Von Haam were the first to examine the
application of cytology in oral cavity [8]. Later, various other
techniques were applied in the upcoming years to improvise on the
quality of smears and to obtain large number of cells [9]. This prompted
new sampling tools, modified object slides and staining dyes. Light

microscopy was first used to visulize the cytonucleo-morphological
changes. With the advent of fluorescent stains, Fluorescent DNA specific
dyes such as acridine orange has been used to measure the cellular
DNA[10]. Additional parameters like nuclear and cytological
morphometry are based on Image amalysis methods [11]. The
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sensitivity of cytology was improvised later with modifications in
the collecting devices. However, to collect the parabasal cells, a
sharper collecting tool was employed to remove the atypical
keratotic cell layers. Sharper tools included metal spatula, curette
which gave 100% specificity and 76.9 – 95% sensitivity. However it
was not a successful method as it had an invasive approach [12].

Combining this technique with liquid based cytology helped in
visualization of malignant cells using antibodies against cytokeratin
AE1 and AE3. Mutations in p53 gene and demonstration of other
essential protein structures in DNA replication – the minin
chromosome maintenance proteins helps in determination of the
tumour prognosis [27].

Weigum and et al have introduced a novel lab-on-a-chip (LOC) sensor
technique for analysis of oral cancer biomarkers in exfoliative cytology
specimens, targeting both biochemical and morphologic changes
associated with early oral tumourigenesis [13]. N.shara et al clarified the
histological aspect of human deciduous teeth using exfoliative cytology
[14]. Greater understanding of the type of mutation present may, in the
future, predict notonly tumour behavior, but also its response to both
traditional and novel forms of therapy[15].

Nuclear organizer regions (NOR) measures the cellular proliferation
and thereby differentiates a reactive lesion from nonneoplastic
lesion. This technique has limitations due to feasibility though it has
a superior role in assessing the proliferation rates [28]. A combined
method of cytogenetic FISH and cytomorphometric analysis has high
specificity for predicting the natire of the lesion [29]. Other studies
include the increased expressions of extracellulat matrix proteins
namely gamma 2-chain of laminin-5 and high molecular tenascin C
for determination of oral cancer [30]. They have a vital role in the
cascade of invasion and metastasis of oral squamous cell
carcinomas.

Cytological Techniques
A biopsy brush was first used in 1980’s to demonstrate cervical
smears. This had a better spread of cells on the slide as compared to
wooden spatula. Sampling of deeper mucosa with minimal invasion
was an added advantage [16]. This classical technique of obtaining
cells is used in oral candidiasis, Leucoplakia, Oral carcinoma where
adequate saple is required to yield representative findings
[17].Scraping was done and directly smeared onto the glass slide and
fixed in isopropyl alcohol, before staining with the standard
papanicolaou stain for cytological demonstration [18]
The LOC sensor utilizes an embedded track-etched membrane, which
functions as a micro-sieve, to capture and enrich cells from brush
cytology suspensions. Once captured, immunofluorescent assays
reveal the presence and phenotype of interrogated cells via automated
microscopy and fluorescent image analysis. Here, the epidermal
growth factor receptor (EGFR) biomarker was examined due to its
high diagnostic, prognostic, and therapeutic potential, with up to 90%
of all oral cancers overexpressing EGFR [13]. Cytological smears were
stained by papanicolaou technique using commercially available
staining kit RAPIDPAPTM(Biolab diagnostics, Tarapur, Maharashtra).
The slides were mounted with cover glass using DPX mountant [19].
Liquid Based Cytology
Liquid based cytology is commonly used on oral smears collected
by cytobrush to show a significant improvement in smear
thickness and cellular distribution which leads to easier
identification of abnormal cells [20]. This method of improving
cell spreading leads to destruction of epithelial fragments which
allows better evaluation of epithelial cell architecture [21]. This
method has a sensitivity of 95.1% and specificity of 99% which
makes it a technique in demand [22].
Cytomorphometry
Oral CDx presents a computer assisted method for analysis of cellular
samples sampled by Brush biopsy technique. It is an oral tranepithelial
biopsy system that is used along with computer assisted techniques.
This technique improves accuracy of the interpretation as it samples
the entire thickness of the epithelium. Computer analysis is based on
working of a digital microscopic image of the sampled cells through a
specialized neural network based image processing system designed
to detect oral precancerous and cancerous cells.Oral CDx have shown
a specificity and sensitivity over 90% with greater positive and
negative predictive values [23,24].
DNA analysis
DNA image cytometry measures the malignant potential of cells by
DNA ploidy. This technique involves comparision of the test group
with controls consisting of normal epithelial cells following staining
with Feulgen dye. A computer assisted programme identifies the
deviations in the cellular DNA content thereby giving the results.
This method has 100% sensitivity and specificity [25].
Molecular analysis
Oegden et al evaluated the role of immunohistochemistry in Smears
from Oral Squamous cell carcinoma by directing antibodies against 8
and 19. However this technique demonstrated low sensitivity [26].

Protein- Chip arrays (SELDI) is a recent technique of monitoring oral
lesions based on expression of protein levels. The use of exfoliative
cytology has also extended into determination of aberrant promoter
hypermethylation in exfoliated cells [31].
The use of toluidine blue (tolonium chloride) as a diagnostic aid for
the detection of oral cancer has been evaluated in a large number of
studies over many decades. It has also been suggested that TB may
provide information on lesion margins, accelerate the decision to
biopsy, and guide biopsy site selection and the treatment of oral
potentially malignant and malignant lesions. Based on data available
up to 1989, a meta-analysis assessing the effectiveness of TB for
identifying oral squamous cell carcinomas, revealed a sensitivity
between 93% and 97% and a specificity between 73% and 92%[18].
CONCLUSION
Oral cytology plays a major role in preventing misdiagnosis of
lesions which are interpreted clinically. It is a simple chairside test
which provides as a predictive diagnosis. However its limited
sensitivity and specificity and high negative values are its
limitations. However improved accuracy is obtained by combining
cytology with computer assisted morphometry. This method also
serves to be used a regular chair monitoring tool in patients who
need a routine follow up to diagnose any changes in the early stages
of development.
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