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Abstract Oral cancer; the sixth most common malignancy in
the world has one of the lowest 5 year survival rates. This can
be attributed mainly to the delay in diagnosis. The purpose of
this study was to evaluate the efficacy of vital staining with
toluidine blue dye as an adjunct to standard clinical exami-
nation to facilitate early detection of malignant lesions of oral
cavity and oropharynx. A hospital based diagnostic test
accuracy study was carried out on 55 subjects with oral
mucosal disorders that included clinically suspicious prema-
lignant or malignant lesions, in the Department of ENT,
Academy of Medical Sciences, Pariyaram, Kannur, Kerala
over a period of 2 years. All lesions were subjected to
detailed clinical examination and toluidine blue staining; and
dye retention was recorded with photographs. The results of
staining were compared with findings on histopathological
examination. The Sensitivity and specificity of toluidine blue
test for the detection of malignancy was 92.6 and 67.9%
respectively; and the overall diagnostic accuracy was 80%.
The result was highly significant with a ‘p value’ <0.001. The
results indicate that toluidine blue staining is a simple, non-
invasive technique which can be a valuable adjunct in the
diagnostic process of oral and oropharyngeal cancers.
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Introduction

Cancer is one of the most dreaded diseases human race is
suffering nowadays. Oral cancer is the sixth most common
cancer worldwide and third most common in Southeast
Asia [1]. The incidence of oral cancer is very high in India
accounting to about 30-40% of the cancer load [2] and this
malignancy poses a significant challenge to health services,
both preventive and diagnostic. Now the incidence of oral
premalignant lesions in Indian population has increased
manifold, especially among the young, may be due to the
rising trend of pan masala and gutkha chewing [3].

Despite numerous advances in management, oral cancer
has one of the lowest 5 year survival rates of about
50-60% [2]. This can be attributed to the advanced extent
of the disease at the time of diagnosis, with over 60% of
patients presenting in stages 3 and 4 [4]. If diagnosed
earlier (stage 1) it is often curable with survival rates of up
to 86% [5, 6].

Currently biopsy with histopathological examination
is considered the gold standard for diagnosis of oral
cancer. The major problem is when and where the biopsy
should be taken and this depends on the clinical ability
of the medical practitioner to differentiate premalignant
and malignant lesions from reactive and inflammatory
diseases [7]. There is no reliable method for early
diagnosis in these cases and this is the most important
factor responsible for the delay in diagnosis and thus
poorer prognosis.

Various techniques have been developed to supplement
clinical examination with the aim of improving early
diagnosis of oral and oropharyngeal cancer such as tolu-
idine blue staining [8-10, 12, 14, 16-23], autofluorescence
[9], veloscope [10], acetic acid staining, chemilumines-
cence [11] and oral exfoliative cytology [10, 12].
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Among these, most commonly used and widely stud-
ied technique is invivo staining with toluidine blue.
However studies published over the last 3 decades using
toluidine blue to identify dysplastic and malignant
lesions of oral mucosa have reported very disparate data
resulting in controversies for its use [8, 9, 12, 14, 16-23].
Also there is a dearth of published studies on toluidine
blue staining of oral cancer in our state where the
prevalence of oral cancer is on the rise representing
about 14% of all cancer cases at Regional Cancer Centre,
Kerala [13]. Hence the need for this study, in which we
assessed the diagnostic efficacy of 1% solution of mod-
ified toluidine blue to identify oral premalignant and
malignant lesions.

Materials and Methods

This hospital based diagnostic test accuracy study was
conducted over a period of 2 years after approval from the
institutional ethics committee. 55 subjects presenting to
ENT OPD with suspicious oral lesions were enrolled after
obtaining full informed written consent. From the selected
subjects with oral and oropharyngeal lesions, detailed
history and epidemiological data, with special emphasis
on age, duration of disease and exposure to possible
carcinogenic substances was recorded with a question-
naire, after obtaining informed consent. All underwent
detailed head and neck examination and were subjected to
staining with 1% solution of Modified toluidine blue. All
the lesions were biopsied under local anaesthesia by
punch biopsy/wedge biopsy and sent for histopathological
evaluation.

Preparation of Mouth Rinses

As described by Mashberg [14], a 100 ml of 1% toluidine
blue solution was prepared by mixing 1 g toluidine blue
powder, 10 ml 1% acetic acid, 4.19 ml absolute alcohol
and 86 ml distilled water with pH regulated at 4.5.

1% acetic acid solution was prepared by diluting 5%
acetic acid. It was done by mixing 1 part of acetic acid with
4 parts of distilled water.

Staining Protocol [14]

The technique of application involved rinsing of the mouth
with water for 20 s to remove debris. Followed by appli-
cation of 1% acetic acid for 20 s to remove ropey saliva.
Then 1% toluidine blue oral rinse was given for 20 s.
Again 1% acetic acid rinse was performed to remove
mechanically retained stain. Finally the mouth was rinsed
with water.

Interpretation

The interpretation was based on colour; dark blue (royal/-
navy) stain was considered positive (Figs. 1, 2). Light blue
staining or when no colour was observed it was interpreted
as negative.

For statistical analysis, we used histopathologic assess-
ment as the gold standard with which toluidine blue stain
retention was compared. We computed sensitivity, speci-
ficity, positive predictive value and negative predictive
value from true positive, true negative, false positive and
false negative results to get the diagnostic accuracy of the
test.

Data analysis was performed using SPSS version 17.0
for qualitative data. Chi-square test and Fischer’s exact t
test was used to compare the groups and assess the asso-
ciation. ‘p value’ of less than 0.05 was considered
significant.

Results and Analysis

Most of the subjects in the study were above 50 years of
age (78.2%) with mean age being 60.87 of which 60%
were males. Of the 55 subjects, 76.4% (42/55) had lesions
of oral cavity and 23.6% (13/55) had lesions of orophar-
ynx. In the oral cavity, buccal mucosa was the commonest
site; accounting for 38.2% (21/55). Next common site was
anterior 2/3™ of tongue with 36.4%.

61.8% (34/55) of the lesions were positively stained
with toluidine blue and 38.2% (21/55) were stained nega-
tive. Following histological examination of the biopsy
samples, 27 (49.1%) were diagnosed as malignant i.e. Oral
squamous cell carcinoma; of which 29.1% (16/55) were
moderately differentiated; 18.2% (10/55) well differenti-
ated; and 1.8% (1/55) were poorly differentiated. 28
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Fig. 1 Benign lesion after toluidine blue staining
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Fig. 2 Malignant lesion after toluidine blue staining
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Fig. 3 Diagnostic validity of toluidine blue

Table 1 Diagnostic validity of toluidine blue (sensitivity = TP/
(TP 4+ FN) = 92.6% specificity = TN/(TN + FP) = 67.9%

positive)
Toluidine Histopathology Total
blue staining - -

Malignant Benign
Positive 25 9 34
Negative 2 19 21
Total 27 28 55

(50.9%) were diagnosed as benign (with no dysplasia)
(Fig. 3).

88.9% of subjects with malignancy (24/27) had one or
more addictions (smoking, alcoholism, pan chewing)
with a significant association, “p value” of 0.002; while
only 50% (14/28) of subjects with benign lesions had
addiction.

Of the 27 cases of malignant lesions, 25 (92.6%)
retained toluidine blue stain i.e. True Positive (TP) while 2
(7.4%) lesions failed to retain the dye i.e. False Negative
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(FN). 9 Out of 34 toluidine blue positive lesions were
diagnosed as benign/inflammatory lesions i.e. False Posi-
tive (FP). Out of the 21 toluidine blue negative lesions; 19
were histologically proved to be benign i.e. True Negative
(TN) (Table 1).

The study showed a significant association between
toluidine blue staining and malignancy, with a “p value” of
<0.001.

Discussion

Prevention, early detection and prompt referral for diag-
nosis offer the best hope to a patient with cancer, providing
the best chance to cure. Vital dyes or stains such as Crystal
violet, Lugol’s iodine, toluidine blue [15] etc. have
emerged in the recent years as useful diagnostic tools in
detecting early potentially malignant and malignant
lesions. It is a simple, easy to perform, non-invasive,
inexpensive method which can be done as an outpatient
procedure without time delay.

One of the first published reports of toluidine blue was
cited in 1949 in the Journal of American Medical Associ-
ation (JAMA) [16]. It selectively stains acidic tissue
components (carboxylates, sulphates and phosphate radi-
cals) such as DNA and RNA [8] and can detect early
nuclear changes of malignancy.

In our study, we found a sensitivity of 92.6% and
specificity of 67.9%. These values were comparable to
those reported by Hegde et al. [17] (97.29 and 62.5%
respectively) and were considerably higher than those
reported by Ram and Siar in their study [18] (70.3 and 25%
respectively).

Our sensitivity was comparable to the study of Shedd
et al. [19], meta-analysis done by Rosenberg and Cretin [6]
(92.6 vs 93% and 93.5-97.8% respectively) and the study
by Allegra et al. [20] (92.6 vs 96.2% respectively). But our
specificity being lower than all three of them (67.9 vs
100%, 92.9-73.3% and 77.7% respectively).

Our sensitivity was slightly lower than that reported by
Nagaraju et al. [21] (92.6 vs 100% respectively) with a
higher specificity (67.9 vs 40% respectively).

The variations in results may be due to the fact that
inflammatory and ulcerative lesions tend to retain the dye
and therefore yield a higher number of false positives. Also
in hyperkeratotic lesions dye penetration to the deeper
epithelial layers is hampered there by producing false
negative results. Moreover staining results may vary sub-
jected to interobserver variation, staining protocol and
procedure and type of lesions.

Our positive predictive value was 73.5% which was
higher than that reported by Onofre et al. [22] (43.5%)
and Rodriguez et al. [23] (35.2%) but lower than that
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reported by Nagaraju et al. [21] (94.8%) and Allegra
et al. [20] (86.6%). This may be due to the fact that
prevalence of dysplastic/malignant lesions was higher in
our study when compared to the first two studies (49.09
vs 26% and 18.1% respectively), and lower when com-
pared to the last two (49.09 vs 91.67% and 60%
respectively). Negative predictive value of our study was
90.4% which was comparable to studies of Onofre et al.
[22] (88.9%), Rodriguez et al. [23] (90.2%) and Allegra
et al. [20] (93.3%) and slightly lower to that of Nagaraju
et al. [21] (100%).

This suggests that if prevalence is high, positive results
will confirm the presence of the disease whereas if preva-
lence is low, a positive result does not permit its confir-
mation. Hence if toluidine blue dye test is used in high risk
population, diagnostic validity of the test increases. On the
other hand, when prevalence is low, a negative test result
permits to rule out the disease safely.

The limitation of our study was that it being a hospital
based study, does not discuss the utility of toluidine blue
dye test in primary care settings.

Conclusion

The diagnostic efficacy of toluidine blue in detecting oral
premalignant and malignant lesions was assessed in our
study and we got a high sensitivity of 92.6% and a mod-
erate specificity of 67.9% and a diagnostic accuracy of
80%.

To conclude, toluidine blue staining can be a valuable
adjunctive method to clinical examination to decide the
biopsy site and whether a biopsy should be taken when the
clinical examination shows dubious lesions and this can
contribute to the early diagnosis of oral and oropharyngeal
cancer. Also it can be used in the follow up of oral pre-
malignant lesions. The simplicity of the test procedure
advocates for its role in routine practice. But as a definite
consensus has not been achieved so far regarding the
routine use of toluidine blue; further studies are needed.
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