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Abstract
Introduction: Screening of suspicious oral precancerous lesions can aid in early detection of oral cancer thus reducing the
mortality and morbidity associated with this condition. Incisional biopsy remains a gold standard for diagnosis of oral potentially
malignant disorders. Toluidine blue is a basic metachromatic stain that demonstrates affinity for DNA and RNA. It offers a
potentially simple, inexpensive, and sensitive chair-side solution for screening of early oral squamous cell carcinoma and highgrade dysplasias. The aim of this study was to assess the reliability of toluidine blue stain as clinical screening test, for presence
of epithelial dysplasia in oral mucosal lesions. In this study, biopsy was done in patients with oral pre-malignant lesions to relate
their toluidine blue status to outcome as well as to conventional histopathologic features.
Method: Study Group consisted of 51 patients with potentially malignant oral mucosal lesions like homogenous leukoplakia
(20), non-homogenous leukoplakia (16), erythroplakia (6), oral submucous fibrosis (5) and tobacco pouch keratosis (4). Patients
were subjected to toluidine blue vital stain and were observed for positive and negative staining. Biopsy was taken from both
toludine blue positive as well as negative lesions and graded for epithelial dysplasia to analyze the role of toludine blue staining
in selecting lesions requiring biopsy.
Results: Out of 51 lesions 46 cases stained positive with toluidine blue vital stain. The overall sensitivity and specificity of
toluidine blue staining in identifying dysplastic lesions was found to be 97.6% and 50% respectively.
Conclusion: Staining with toluidine blue was demonstrated to be highly reliable in the detection of dysplasia since false-negative
results for the lesions did not occur. Toluidine blue staining can be an adjunct to clinical judgment and not a substitute for either
judgment or biopsy.
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Introduction
Detection of oral pre-malignant lesions (PML) at
an early stage is fundamental to improve the chances of
cure and lesser treatment associated morbidities. At
many instance, clinicians have difficulty in recognizing
patients at high risk of developing oral cancer. The
major problem is when and from which site the biopsy
should be taken from suspected lesions. It depends on
the clinician’s ability to differentiate PML from
reactive and inflammatory diseases.1 There is a pressing
need for development of visual aids that will help in
detection of these lesions with high-risk of
progression.2
Previous literature on toluidine blue showed that it
is a practical, inexpensive, rapid and effective adjunct
diagnostic tool for early recognition of oral PMLs.3

Toluidine blue (TB) (tolonium chloride) is a member of
thiazine group of metachromatic dyes. Its staining may
appear as a dark royal blue suggesting positive stain or
a pale royal blue color suggesting doubtful or no
stain.4,5
The aim of this study was to assess the reliability
of TB stain as clinical screening test, for presence of
epithelial dysplasia in oral mucosal lesions. In this
study, biopsy was done in patients with primary OPLs
to relate their TB status to outcome as well as to
conventional histopathologic features.
Materials & Method
This prospective study was conducted in
Department of Oral Pathology and Department of Oral
Medicine, Saraswati Dental College & Hospital,
Lucknow. The study group consisted of 51 patients
with potentially malignant oral mucosal lesions like
homogenous leukoplakia (20), non-homogenous
leukoplakia (16), erythroplakia (6), oral submucous
fibrosis (5) and tobacco pouch keratosis (4). The
exclusion criteria included patients with systemic
disorders, patients not willing for biopsy, patients with
lesions at sites where application of toloudine blue or
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biopsy was not possible and oral submucous fibrosis
patients with severe fibrosis or trismus. Traumatic
lesions and oral inflammatory changes were also
excluded from the study to avoid false positive results.
Subjects were selected from both genders and all age
groups. Informed consent was taken from patients
before application of TB vital stain and biopsy.
As described by Mashberg, toluidine blue solution
consists of 1 gm of TB powder, 10 ml of 1% acetic
acid, 4ml of absolute alcohol and 86ml of distilled
water to make up 100 ml of 1% solution of TB. The
solution is adjusted to 4.5 pH.6
Mucosal surfaces were stained preoperatively.
Initially the patient was asked to rinse his mouth twice
with water for 20 seconds to remove debris. Next 1%
acetic acid was applied using cotton swab for 20
seconds to remove any ropey saliva and remaining
organic debris. 1% TB solution is then applied for 20
seconds by means of cotton swab. This was followed by
application of 1% acetic acid once again on mucosa
attained by TB to remove nonspecific mechanically
retained stain from the lesion. Finally patient was asked
to rinse mouth with water and subsequently TB staining
was assessed. The clinical uptake of stain was evaluated
by same examiner and the cases were divided into two
groups: TB positive lesions – those which stain strongly
with the vital dye (Fig. 1), and TB negative lesions –
those which stain weakly or those which did not stain
with the vital dye.
Biopsies were performed from both TB positive as
well as TB negative lesions. All specimens were
subjected to formalin fixation, tissue processing
followed by hemotoxylin & eosin staining. The
pathologist examining all the biopsies was not clued-up
regarding the clinical or TB staining evaluation of each
sample. For the statistical analysis, we used
histopathologic assessment as the gold standard with
which we compared clinical examination and TB
staining of the lesions. The biopsy results were
correlated with clinical findings and the true positive,
true negative, false positive, false negative data were
derived. This data was used to calculate sensitivity and
specificity. Sensitivity and specificity were determined
from true positive and true negative results. Positive
predictive value was calculated as true positive/true
positive + false positive and negative predictive value
as true negative/false negative + true negative.
Results
The study group consists of 51 patients having oral
lesions suspicious of premalignancy. These included
patients
with homogenous leukoplakia (20),
nonhomogeneous leukoplakia (16), erythroplakia (6),
oral submucous fibrosis (4) and tobacco pouch
keratosis (5). Most of the patients were in the age
group of 30 - 60 years with a mean age of 45 years. In
our study a male preponderance was seen and majority
of patients had more than one risk factor predisposing

for oral cancer, which included smoking, alcohol,
quid/tobacco chewing, and spicy food. Buccal mucosa
was the most common site of lesion with 41 cases
(80.3%) followed by vestibule in 8 cases (16.6%) and
commisure of lip 2 cases (4.1%).
Overall 46 cases stained positive with TB vital
stain. These cases when subjected to biopsy, 41
(89.1%) were positive for dysplasia (Fig. 2) and 5
(10.9%) were nondysplastic histologically (Table 1).
These 5 cases (10.9%) which stained TB positive but
were negative for dysplasia on biopsy, constituting false
positives, included 3 cases of tobacco pouch keratosis,
and 1 each of homogeneous leukoplakia and oral
submucous fibrosis (Table 2).
5 cases which did not take up TB stain clinically
included two cases of oral submucous fibrosis and one
each of homogeneous leukoplakia, nonhomogeneous
leukoplakia, and erythroplakia. Out of these 5 TB
negative cases, both oral submucous fibrosis cases were
found negative for dysplasia on histopathological
examination (true negative,) while remaining showed
epithelial dysplasia (false negative). The overall
sensitivity and specificity of TB staining in identifying
dysplastic lesions was found to be 97.6% and 50%
respectively.
Of 20 cases of homogeneous leukoplakia 19
stained positive with TB out of which 18 cases were
found to be dysplastic on histopathological examination
and 1 case was non-dysplastic thus giving a sensitivity
of 94.7% (Table 3). One case which did not clinically
take up the stain was found to be histologically
dysplastic while there was no true negative case in this
group. Because of lack of true negative cases in this
group we could not comment on the specificity of this
technique for these cases.
For non-homogenous leukoplakia our study group
consisted 16 cases. Out which 15 stained TB positive.
All these 15 cases were found dysplastic on
histopathological evaluation, while one case which did
not take up stain clinically was also found to be
dysplastic giving 93.75% sensitivity (Table 3). Since
there were no true negative cases we could not
comment on specificity.
Next group in our study included 6 cases of
erythroplakia. Out of which 5 cases were stained
positively by TB and were found to be dysplastic on
histological evaluation. One case which did not stain by
TB was dysplastic on histological examination. This
group gave sensitivity of 83.3% and specificity cannot
be commented as there were no true negative cases
(Table 3).
There were 4 cases of oral submucous fibrosis, out
of which 2 cases stained with TB and 2 cases did not
stain clinically. When histopathology was analyzed, it
was found that only 1 case was dysplastic and rest 3
cases were non-dysplastic giving sensitivity of this
group as 100% and specificity as 66.7% (Table 3).
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Last group of our study consisted 5 cases of
tobacco pouch keratosis. All the cases were positively
stained with TB clinically. On histopathological
examination it was found that 2 out 5 cases were

dysplastic and 3 cases were non dysplastic. So
sensitivity for this group was 100% (Table 3). Since
there were no cases of true negative so we cannot
comment on specificity of this technique in this group.

Fig. 1: Lesion with Toluidine blue positive stain

Fig. 2: Haematoxline and Eosine stained section showing Dysplastic Epithelium
Table 1: Toludine blue positive and negative lesions and their histopathological evaluation
Type of lesion
Number
Clinical
Histology
of cases
Toluidine
Toluidine
Dysplastic
Non
(n= 51)
Blue Positive Blue Negative
(44)
Dysplastic
(46)
(5)
(7)
Homogenous Leukoplakia
20
19
1
19
1
Non
Homogenous
16
15
1
16
0
Leukoplakia
Erythroplakia
6
5
1
6
0
Oral Submucous Fibrosis
4
2
2
1
3
Tobbaco Pouch Keratosis
5
5
0
2
3
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Table 2: The results of individual lesions
N
True
True
Positive
Negative
Homogenous Leukoplakia
20
18
Non Homogenous Leukoplakia
16
15
Erythroplakia
6
5
Oral sub mucous fibrosis
4
1
2
Tobacco pouch keratosis
5
2
Total
51
41
2
Lesions

Table 3: Sensitivity and specificity of lesions
Lesions
Sensitivity
Homogenous leukoplakia
94.7%
Non homogenous leukoplakia
93.75%
Erythroplakia
83.3%
Oral sub mucous fibrosis
100%
Tobacco pouch keratosis
100%
Discussion
Several adjuncts to visual examination, specifically
application of TB and exfoliative cell collection, may
lead to advances in recognition of lesions and may
guide selection of biopsy sites. TB staining is
considered to be a sensitive adjunct tool for identifying
early oral squamous cell carcinoma and high-grade
dysplasias.2 TB was first used by Riechart in 1963 to
stain uterine cervical carcinoma in Situ. Its use in vivo
is based on the fact that dysplastic and anaplastic cells
contain quantitatively more nucleic acids than normal
tissues. In addition, malignant epithelium may contain
intracellular canals that are wider than normal
epithelium; this is a factor that enhances penetration of
dye.7,8 Further proposals for uptake of TB stain in
dysplasias and carcinomas include presence of high
density of nuclear material, loss of cell cohesion, and
increased mitotic activity.5
The results of our study showed that, TB when
used as a vital stain is highly sensitive in identifying
oral lesions with dysplastic epithelium. Out of 44
lesions which were diagnosed positive for presence of
dysplasia on histological examination, 41 cases (Table
1) stained positively with TB, thus giving a sensitivity
of 97.6% and positive predictive value of 89.1%. These
findings are in concordance with many previous
studies.6,9,10,11,12 Even though the sensitivity of toluidine
blue staining was found to be high in our study the
specificity was only 50% and negative predictive value
was 40%. 5 lesions which stained positive were found
to be histologically negative. Out of these cases, 3 were
tobacco pouch keratosis, and 1 each of homogenous
leukoplakia and oral submucous fibrosis. It has been
proposed that in certain lesions the premalignant
changes might have started at molecular level but may
not have been expressed at light microscopic levels yet.
In fact Guo have shown that a group of lesions showing
false positivity with toluidine blue have shown allelic
losses and loss of heterozygosity.13 Hence it may be

False
Positive
1
1
3
5

False
Negative
1
1
1
3

Specificity
0
0
0
66.7%
0

assumed that some of the false positive lesions may
represent lesions which are actually positive at
molecular level. For this reason, molecular study of
these lesions may help us in resolving the nature of
these false positive lesions. Another suggestion for
reducing the false positive cases have been given by M.
Eslami et al who stated that false positive lesions
should be reviewed after 7 to 14 days by second
staining, thus allowing time for healing of traumatic or
inflammatory lesions as these lesions have shown
tendency to take up the stain.14 The reasons for false
negative staining are not very well understood. In cases
of leukoplakia and other lesions with hyperkeratotic
epithelium,14,15 it could be possible that thick,
impermeable layer of keratin may prevent penetration
of the dye to deeper layers which usually show nucleic
acid changes hence causing false negative staining. An
additional reason which has been suggested is that there
may be variability in assessing the staining by different
observers,16 leading to different definition of false
negative staining. Even though this might be a
limitation, in our study we found that the rate of false
negative was quite low hence may not be considered as
a limitation in utility of the stain.
Conclusion
Early detection and timely intervention is the
essence of any pre-cancer and cancer treatment
protocol. Supravital staining with toluidine blue is
useful in the early detection of malignancies.
We felt that it is an appropriate adjunct to visual
examination, especially for patients with suspicious
lesions. Further studies with larger cohort of patients
are needed to better understand the potentiality of the
different ancillary methods employed in the early
detection and prevention of oral precancerous lesions.
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