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Background/aim
Various techniques have been implemented in the early detection of oral potentially
malignant disorders including commonly occurring hyperkeratotic lesions. The
objective of the present study was to assess the efficacy of visually enhanced
lesion scope (VELscope Vx) versus toluidine blue (TB) with reference to
histopathological examination in the detection of dysplastic changes in oral
keratotic lesions.
Patients and methods
A total of 30 patients having oral keratotic lesions were clinically diagnosed and
subjected to VELscope Vx and TB examination. Histopathological assessment of
biopsied lesions was also done. Sensitivity, specificity, positive and negative
predictive values were obtained for both VELscope and TB and were compared
with histopathological examination.
Results
VELscope Vx was able to identify four out of seven cases with mild dysplasia and a
case of oral squamous cell carcinoma, while TB was able to identify five cases and
the oral squamous cell carcinoma case as true positive cases. Thus, sensitivity was
62.5 and 75% for VELscope Vx and TB, respectively. Regarding the specificity of
VELscope Vx, it was 71.4% while TB had a specificity of 85.7%.
Conclusion
The sensitivity and specificity of TB examination outweighed those of VELscope Vx
in detecting dysplastic changes within keratotic lesions.
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Introduction
Cancer is amongst the most frightful diseases the
human race has been facing since decades [1]. Oral
cancer positions itself as the sixth most commonly
occurring cancer worldwide, where 500 000 new
cases are discovered each year, representing roughly
3% of all malignancies [2].

The occurrence of oral malignancy has ascended in
the past decade and is generally discovered when the
lesion is symptomatic and at a late stage. In the past
decades, the general 5-year survival rate for oral
malignancy have stayed low at nearly 50%, thus
ranking it among the worst cancer death rates.
This has been related to the absence of experts
that contribute to early recognition, detection, and
diagnosis. Regardless of noteworthy advances in
tumor treatment, early identification of abnormal
oral changes remains the most ideal approach in
guaranteeing better survival rates and enhanced
personal satisfaction with improved quality of
life [3].
h | Published by Wolters Klu
Oral cancer can occur in the lips, tongue, buccal
mucosa, and gingiva, and also in the floor of the
mouth, palate, tonsils, and oropharynx. Oral
squamous cell carcinoma (OSCC) can involve any
tissue lined with oral mucosal epithelium and
represents 96% of all oral malignancies [4,5]. Known
etiological risk factors for OSCC include tobacco, betel
quid, alcohol, and nutrients inadequacy; however,
recent evidence puts human papillomavirus as a
causative factor in malignancies of the base of the
tongue, tonsils, and oropharynx in patients not
having the conventional risk factors. OSCC is
frequently preceded by visible and histological
changes in the oral mucosa [6]. Conditions that can
possibly turn into malignancies are referred to as oral
potentially malignant disorders (OPMDs) and these
incorporate leukoplakia, erythroplakia, oral submucous
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fibrosis, oral lichen planus (OLP), and actinic
keratosis. The clinical appearance of OPMDs is an
important predictor of malignant transformation.
Although the erythematous or mixed white and red
lesions have a higher rate of malignant transformation
(14–50%) than the flat white lesions, these keratotic
white lesions are more commonly encountered
and could have a considerable risk of malignant
transformation (4–18%). The way to enhance patient
prognosis is through early identification, diagnosis, and
management of these lesions [7].

The present protocol in diagnosing OPMDs is
conventional oral examination (COE), which includes
visual investigation of the oral cavity with tactile
examination of head and neck lymph nodes by a
medical or dental expert. However, harmful changes
may still be overlooked by COE as dysplasia might be
found in clinically normal looking mucosa. Moreover in
many cases, COE cannot differentiate between benign
and dysplastic changes because of the fact that various
oral malignancies can appear similar to benign
conditions [8].

Histopathological examination remains the gold
standard for diagnosing dysplastic lesions. However,
surgical blade biopsy is an invasive method and carries
the burden of tumor seeding. It is done when the lesion
shows either side effects or becomes symptomatic or
clinically displays signs of malignancy [4].

Thus, different adjunctive and noninvasive techniques
have been introduced to assess the oral conditions. One
of those techniques is vital staining with toluidine
blue (TB) and another is the visual representation
techniques which have been proposed to enhance
the quality of clinicians in screening any irregular
tissue changes including OPMD and malignant
lesions [8].

TB is the most generally and habitually
adjunctive technique utilized to assess oral
mucosal neoplastic disorders. TB is considered to
be the most superiorly used technique in the
detection of OSCC. TB is an essential thiazine
metachromic dye; its acidophilic properties are in
charge of its affinity for nucleic acids. TB ties nuclear
materials of tissues with high DNA and RNA
contents. Positive lesions are stained in royal blue,
while the negative ones take a light blue stain or do
not stain at all [9].

The visually enhanced lesion scope system is a hand
device that recognizes the loss of normal tissue
autofluorescence (AF) of dysplastic and neoplastic
tissues by application of direct fluorescent light. The
loss of fluorescence is the result of a progression of
histological and biochemical modifications like the
increase in nicotinamide adenine dinucleotide and the
decrease in substantial flavin adenine dinucleotide,
changes in collagen arrangement because of the
breakdown of the extracellular matrix by dysplastic
cells, and neoangiogenesis [10].

Visually enhanced lesion scope (VELscope Vx)
consists of a source of light that emanates a
wavelength of 400–460 nm and a manual part for
direct visualization. Under this light, typical oral
mucosa produces a green AF, whereas pathological
areas ingest the fluorescent light and appear dark
[11].

The aim of the study was to evaluate the efficacy of
VELscope Vx versus TB in reference to
histopathological examination in the detection of
dysplastic changes in oral keratotic lesions.
Patients and methods
A total of 30 patients clinically diagnosed with oral
keratotic lesions were recruited in this contemplate and
the entire protocol procedures were explained at the
beginning of the study for each patient and a written
informed consent was obtained.

The study was carried out according to the ethical
guidelines of the World Medical Association
(Declaration of Helsinki) for studies involving
human participants and the study protocol was
approved by the Ethics Committee at the National
Research Centre (NRC) with the registration
code: 14-133.

Patients satisfying the study criteria underwent all
the required protocol steps including history taking,
clinical oral examination, VELscope Vx (LED
Dental Inc., Vancouver, British Columbia, Canada)
investigation, TB vital staining, and finally surgical
biopsy of the lesion in the same visit. The inclusive
criteria included patients 18 years old and over with
oral keratotic lesions confirmed by COE. Patients
already diagnosed with OSCC and those with
medical conditions that contraindicate the surgical
biopsy taking and those who did not sign the
consent were not included.

Personal information, medical and social history
including smoking habits and history of the lesion



Table 1 Definitions of diagnostic accuracy measures used in
the study

Sensitivity The proportion of people who test positive for
a specific disease among a group of people
who have the disease

Specificity The proportion of people who test negative
for a specific disease among a group of
people who do not have the disease

Positive
predictive value

The proportion of people in a specified
population with positive test results who have
the disease

Negative
predictive value

The proportion of people in a specified
population with negative test results who are
disease free

Figure 1
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occurrence were obtained from each patient. After
history taking, thorough clinical examination of
the entire oral mucosa including the suspicious
lesion was performed under normal incandescent
light. Following this comprehensive examination,
clinical tentative diagnosis was established. The
principal area (site) of morphologically altered
mucosa was photographed. AF examination was
performed using the VELscope Vx under dimmed
room light, with protective eye wear worn by
the patient throughout the procedure. The outcome
of the AF examination was assessed according to
the manufacturer’s literature, that is, fluorescence
visualization loss (FVL), fluorescence visualization
retained (FVR), and photodocumentation of the lesion
under AF was done.

TB staining was performed following the VELscope
Vx examination. The steps of TB staining was first
asking the patient to rinse the mouth with water for
20 s, then with 1% acetic acid for 20 s to remove any
ropey saliva. Application of 1% TB solution for 20 s
was done with a cotton swab. After that, the patients
were asked to rinse again with 1% acetic acid for 20 s
and finally with water to reduce the extent of
mechanically retained stain. The lesion was then
examined and photographed for recording and for
interpreting the staining results. Lesions stained
royal blue were considered positive, while lesions
with pale blue or no stain, were considered
negative [12].

Finally an incisional or excisional biopsy of the lesion
was performed with a scalpel under local anesthesia
for histopathological assessment. The selection of
the biopsy site took into consideration any area
of FVL identified by the VELscope Vx or area
with retained TB stain within the lesion. Biopsy
specimens were fixed in formalin and were sent for
histopathological examination where they were
blocked in paraffin, stained with hematoxylin and
eosin. The presence of dysplasia was considered as
‘positive’ and absence of it was considered as
‘negative’.
Chart reporting the flow of the participants during the study. OSCC,
oral squamous cell carcinoma; TB, toluidine blue; VELscope, visually
enhanced lesion scope.
Statistical analysis
Data were collected and analyzed by IBM SPSS 20
(statistical package for social sciences; SPSS Inc.,
Chicago, Illinois, USA).

Sensitivity, specificity, and positive and negative
predictive values were obtained for both TB and
VELscope Vx according to Rethman et al. [4] as
shown in Table 1.
Results
A total of 30 patients were eligible at the beginning of
the study. Later on, one case refused to do the surgical
biopsy after initial acceptance and undergoing all the
other procedures. Patient’s flow chart is demonstrated
in Fig. 1.

From the 30 patients enrolled in this study, 22 (73.3%)
were males and eight (26.6%) were females. Four
(13.3%) patients only were less than 20 years old
and two (6.6%) were older than 70 years. The rest
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of the patients were divided equally between the two
age groups of 30–50 and 50–70 years old (12 patients in
each group). Regarding smoking habit, 16 (53.4%)
patients were smokers; 10 (33.3%) patients were
nonsmokers, whereas four (13.3%) patients were
former smokers. Demographic data and examination
results of each patient are presented in Table 2.
Clinical results
The lesions encountered in this study were 20 cases of
leukoplakia, four cases of OLP, two cases of chronic
hyperplastic candidiasis (CHC), two cases of verrucous
hyperplasia, one case of frictional keratosis, and one case
of alveolar ridge keratosis. The buccal mucosa was the
most common site of these lesions in all 20 cases. Other
intraoral sites were the tongue in four cases, the palate in
two cases, the retromolar area in two cases, the gingiva in
one case, and the alveolar ridge mucosa in one case.
Histopathological results
Regarding the histopathological distribution of
the lesions, there was one case missing, where
Table 2 Demographic data and results of each patient participated

No. Age Sex Clinical diagnosis TB

1 52 Male Homogeneous leukoplakia Negative

2 60 Male Leukoplakia Negative

3 55 Male OLP Negative

4 38 Male CHC Negative

5 24 Male Speckeled leukoplakia Positive

6 47 Male Leukoplakia Negative

7 46 Female Leukoplakia Positive

8 63 Male Leukoplakia Negative

9 62 Male Leukoplakia Negative

10 68 Male Leukoplakia Negative

11 42 Male Leukoplakia Negative

12 65 Male Verrucous leukoplakia Positive

13 70 Female Thin leukoplakia Negative

14 66 Male Speckeled leukoplakia Positive

15 47 Male CHC Negative

16 27 Female OLP Negative

17 41 Female Alveolar ridge keratosis Negative

18 49 Male Frictional keratosis Negative

19 47 Female Leukoplakia Negative

20 72 Female Leukoplakia Positive

21 56 Female Leukoplakia Negative

22 60 Male Leukoplakia Positive

23 54 Female Leukoplakia Positive

24 30 Male Homogeneous leukoplakia Negative

25 19 Male Oral verrucous hyperplasia Positive

26 37 Male OLP Negative

27 57 Male OLP Positive

28 27 Male Oral verrucous hyperplasia Negative

29 41 Male Homogeneous leukoplakia Negative

30 42 Male Speckled leukoplakia Negative

CHC, chronic hyperplastic candidiasis; OLP, oral lichen planus; OSCC,
lesion scope.
the patient refused to take the biopsy after initial
acceptance. The remaining 29 cases were diagnosed
as 21 cases of hyperplastic and hyperkeratotic
stratified squamous epithelium without dysplasia,
seven cases with mild dysplasia, and one case of
OSCC.
Visually enhanced lesion scope Vx results
From the 29 cases with available histopathological
results and after excluding the case without
histopathology in which the VELscope Vx test was
negative, there were 11 cases which showed FVL, that
is, positive through VELscope Vx examination and 18
cases displaying normal pale green image indicating
FVR, that is, negative. From the 11 positive cases
showing loss of fluorescence with the VELscope Vx,
four cases were found to have mild dysplasia and one
case diagnosed as OSCC by histopathology, that is,
true positive, while the other six cases were
nondysplastic, and therefore considered as false
positive. On the other hand, the 18 cases with
negative results were divided into 15 true negative
in the study

VELscope Histopathological examination Smoking habit

Negative Missing result Former smoker

Negative Nondysplastic Former smoker

Negative Nondysplastic Current smoker

Negative Nondysplastic Current smoker

Positive OSCC Nonsmoker

Negative Nondysplastic Current smoker

Positive Nondysplastic Nonsmoker

Negative Nondysplastic Former smoker

Negative Nondysplastic Former smoker

Negative Nondysplastic Current smoker

Negative Nondysplastic Current smoker

Negative Mild dysplasia Current smoker

Positive Mild dysplasia Nonsmoker

Positive Mild dysplasia Current smoker

Positive Nondysplastic Current smoker

Negative Nondysplastic Nonsmoker

Positive Nondysplastic Nonsmoker

Negative Nondysplastic Current smoker

Negative Nondysplastic Nonsmoker

Negative Nondysplastic Nonsmoker

Positive Nondysplastic Current smoker

Positive Mild dysplasia Current smoker

Negative Mild dysplasia Nonsmoker

Negative Nondysplastic Current smoker

Negative Mild dysplasia Current smoker

Positive Nondysplastic Nonsmoker

Positive Nondysplastic Nonsmoker

Negative Nondysplastic Current smoker

Negative Nondysplastic Current smoker

Positive Mild dysplasia Current smoker

oral squamous cell carcinoma; VELscope, visually enhanced
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cases which were found to be nondysplastic on
histopathological examination and three false
negative cases (they showed mild dysplasia on
histopathological examination).

VELscope Vx sensitivity and specificity were 62.5 and
71.4%, respectively, as shown in Table 3. Positive and
negative predictive values were 45.5 and 83.3%,
respectively.
Table 4 Cross-tabulation between toluidine blue and
histopathological results

Histopathology Total

Positive Negative

TB

Positive

Count 6 3 9

% within histopathology 75.0 14.3 31

Negative

Count 2 18 20

% within histopathology 25.0 85.7 69

Total

Count 8 21 29

% within histopathology 100.0 100.0 100.0

TB, toluidine blue.

Figure 2
Toluidine blue results
From the 29 cases with available histopathological
results and after excluding the case without
histopathology in which the TB test was negative,
nine cases were stained royal blue and the lesion
retained the dye, that is, positive while 20 cases
failed to retain the dye and the lesion was
considered negative. From the nine positive cases,
five cases were found to have mild dysplasia and a
case diagnosed as OSCC by histopathology, that is,
true positive, whereas the other three cases were
nondysplastic, and therefore considered as false
positive. On the other hand, the 20 cases with
negative results were divided into two false negative
cases (histopathological examination showed mild
dysplasia) and 18 true negative cases which were
found to be nondysplastic on histopathological
examination.

Sensitivity and specificity of TB staining were 75 and
85.7%, respectively. Positive and negative predictive
values were 66.6 and 90%, respectively, as shown in
Table 4.

Figure 2 shows a case of OSCC where both
VELscope Vx and TB were positive whereas
Fig. 3 shows a case of verrucous leukoplakia where
TB gave positive and VELscope showed negative
results.
Table 3 Cross-tabulation between visually enhanced lesion
scope and histopathological results

Histopathology Total

Positive Negative

VELscope

Positive

Count 5 6 11

% within histopathology 62.5 28.5 37.9

Negative

Count 3 15 18

% within histopathology 37.5 71.4 62.1

Total

Count 8 21 29

% within histopathology 100.0 100.0 100.0

VELscope, visually enhanced lesion scope.
Discussion
OSCC can emerge de novo or is mostly preceded
by OPMDs. Many of these OPMDs start as a
reversible step of hyperkeratosis, where the
epithelium thickness increases and an excess of
keratin is observed on its outer layer. Later, other
morphological changes as the different stages of
dysplasia occur. Keratotic lesions can mask deeper
lying changes, which may range from simple
hyperplasia to invasive cancer [13].

Leukoplakia is the most common potentially
malignant disorder which was the case in our study
(a) A case of oral squamous cell carcinoma clinically presenting in the
form of speckled leukoplakia; (b) visually enhanced lesion scope
examination showing loss of fluorescence, that is, positive result; (c)
toluidine blue staining of the lesion showing retention of the stain, that
is, positive result; (d) hematoxylin and eosin stained section of the
same case showing hyperplastic and hyperkeratotic stratified squa-
mous epithelium with signs of malignancy and rupture of basement
membrane detected in some areas. Epithelial masses showed hyper-
chromatism and abnormal mitotic figures. The underlying connective
tissue shows intense inflammatory cell infiltrate.



Figure 3

(a) A case of verrucous leukoplakia with mild dysplasia; (b) visually
enhanced lesion scope examination of the case showing no loss of
fluorescence; (c) toluidine blue staining of the same lesion showing
royal blue stain, that is, true positive; (d) hematoxylin and eosin
stained section of the same case showing hyperplastic and hyper-
keratotic stratified squamous epithelium with mild dysplastic features
as abnormal mitotic figures and hyperchromatism detected in the
basilar part of the epithelium.
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where 20 out of the 30 cases were leukoplakias.
The reported annual malignant transformation
of leukoplakia into OSCC is ∼1–2%. Several
factors in patients with leukoplakia are suggested
to predict the increased risk of malignant
transformation such as age, sex, tobacco habits, the
homogeneity, size, and site of the lesion within the
oral cavity as well as the degree of epithelial dysplasia,
if present [14].

Other keratotic lesions like OLP, CHC, and
frictional keratosis are commonly encountered
during routine dental examination. Apart from
frictional keratosis, which has not been reported to
show dysplastic changes, OLP and CHC may show
variant degrees of dysplasia and malignant
transformation which is more likely to occur in
patients with the erosive type of OLP. It has been
accepted that thorough mucosal examination should
be a part of routine dental examination in order to
detect oral cancer and dysplastic lesions. COE has
been shown to be a reliable method and is the
currently accepted practice for the detection of oral
cancer and OPMD. Detection of lesions may be
enhanced by the use of adjunctive diagnostic aids
such as oral CDx, TB, ViziLite, or VELscope.
Research is continuing into the effectiveness of
these and other aids; however, as yet there is
insufficient evidence to justify their use as
screening adjuncts [15].
In this study, we assessed the accuracy of two of these
adjunctive diagnostic aids which are the VELscope Vx
and TB in detecting dysplastic changes within oral
keratotic lesions. Both tests were performed in the
same visit for all the participants in the study after
history taking and thorough clinical examination.
Then, a double wedge biopsy was taken from the
lesion for histopathological examination as it is
considered the gold standard in detection and
grading of dysplasia and malignant transformation
[16]. Statistical analysis included the calculation of
sensitivity, specificity, and positive and negative
predictive values for both tests.

In this study, it was found that eight out of the 29
(27.5%) cases with available histopathological results
had dysplastic changes with one of the eight cases being
OSCC. This case was in a young 24-year-old man with
no reported risk factors as smoking or drinking alcohol.
The increased incidence of oral cancer among young
adults without any known risk factors was reported in a
study in which 44 cases younger than 40 years old out of
606 cases of OSCC were encountered [17].

In a previous review, the authors stated that many of
the young individuals (<45 years old) presenting with
OSCC in the studies included in their review have
declared that they never have smoked or consumed
alcohol excessively. They also mentioned that the
exposure of these individuals to carcinogens such as
alcohol and tobacco is too short to induce malignant
transformation in those younger patients. Hence, it was
suggested that the poor survival rate of young patients
with stage II disease, with no history of exposure to
tobacco, is due to an inherited predisposition to
chromosomal abnormalities which may have led to a
more rapid disease progression [18].

Regarding the smoking habit, 16 out of the 30 cases
included in our study were current smokers; four cases
were former smokers while 10 cases were nonsmokers.
Of the 16 current smokers, five of them developed mild
dysplastic lesions in the oral cavity. Tobacco exposure
through smoking is a well-established risk factor for
oral cancer [19].

To the best of authors’ knowledge, one study compared
TB with VELscope in differentiating dysplastic and
neoplastic lesions from benign lesions. In this study,
the authors decided to suggest two scenarios where in
the first scenario, lesions showing mild dysplasia on
histopathology were considered positive, whereas in
the second scenario, these cases were considered
negative. They found that the sensitivity and
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specificity of VELscope in the first scenario were 70
and 57.7%, respectively, whereas TB showed a
sensitivity and specificity of 80 and 61.5%. In the
second scenario, the sensitivity increased for both
techniques (VELscope 76.5% and TB 88.2%),
whereas the specificity declined to 51.3% for both [20].

The false positive cases of VELscope Vx and TB can be
attributed to the presence of inflammation such as in
the case of OLP. Moreover leukoplakias with rough
surfaces can cause mechanical retention of TB stain
resulting in false positive results.

The relatively lower sensitivity of VELscope Vx to
dysplastic changes in keratotic lesions in our study
could be explained by increased fluorescence of the
superficial keratin layer masking the underlying
dysplastic changes. This keratin was found to produce
strong, collagen-like fluorescence [21]. Another
explanation is that angiogenesis absorbs the fluorescent
light and gives a dark image. Angiogenesis is generally
associated with severe dysplasia or carcinoma in situ, as
well as invasive disease, and is absent in healthy oral
epithelium, mild, and moderate dysplasia [22].

In a study conducted to evaluate the benefit of direct
visual fluorescent examination in screening potentially
malignant mucosal lesions in a general population of
patients presenting for dental care, the authors noted
that some inflammatory conditions (traumatic ulcers,
geographic tongue, inflammatory papillary hyperplasia,
and chronic mucositis), physiologic features (melanin
pigmentation and lymphoid aggregates), and certain
anatomic sites (attached gingiva, tonsillar pillars, and
floor of the mouth) showed loss of fluorescence upon
examination with VELscope. As a result, they
concluded that the use of VELscope does not add to
the COE in routine screening for OPMD [23].

Regarding sensitivity of the VELscope Vx, our results
were contradictory to Moro et al. [24] who found that
the sensitivity of autofluorescence examination was
100% and to Rana et al. [25] who found that the
use of VELscope increased the sensitivity from 17 to
100% compared with COE alone in detecting
malignant lesions of the oral mucosa. Regarding
specificity, Rana et al. [25] found that 64.23% of all
examined lesions showed a loss of fluorescence,
whereas only 4.88% of the lesions could be
identified as dysplasia which could lead to
overdiagnosis if the VELscope is used by a
nonspecialist. Thus, they concluded that VELscope
is very subjective, and both clinical experience and
training are needed to accomplish good testing.
A conclusion from a previous study by Scheer et al. [26]
stated that the results of VELscope examinations
depend mainly on the experience of the examiner as
the difference between loss of fluorescence and
decreased fluorescence is arbitrary. They also pointed
that although the sensitivity of the VELscope in their
study was 100%, their patients were of a high risk group
for oral cancer with 20 of the 64 patients included in
their study having previous history of oral cancer.

RegardingTB, ameta-analysis assessing its effectiveness
in identifying OSCC showed sensitivity ranging from
93.5 to 97.8% and specificity from 73.3 to 92.9% [27].
This is consistent with our results showing the decreased
number of false negative results.

A former study demonstrated that the use of TB after
COE raised the sensitivity from 53% (when using only
COE) to 96.2% when COE was combined with TB
examination, whereas the specificity decreased slightly
from 80 to 77.5% [28]. Another research found the
sensitivity for TB staining to be 95% and the
specificity 71.45% [29]. On the other hand, a
recent investigation stated that TB has higher
sensitivity and specificity for malignant lesions than
OPMDs where results demonstrated that the
sensitivity of TB screening for malignant lesions
was 92% and the specificity was 82%, whereas the
TB sensitivity and specificity in detecting OPMDs
were 61 and 80%, respectively [30].
Conclusion
From the results of our study, it can be concluded
that TB is more efficient in detecting dysplastic
changes within keratotic lesions than VELscope Vx.
However, histopathological examination remains the
gold standard technique in differentiating between
benign, dysplastic, and malignant lesions. Limitation
of our study is the small sample size and that is why
future comparative studies with a larger sample size are
recommended.
Financial support and sponsorship
Nil.
Conflicts of interests
There are no conflicts of interest.
References
1 Chaudhary A, Manjunatha M, Gupta I. Evaluation of efficacy of toluidine

blue in the detection of potentially malignant disorders. J Adv Med Dent
Scie 2013; 1:19–24.

2 Messadi DV. Diagnostic aids for detection of oral precancerous conditions.
Int J Oral Sci 2013; 5:59–65.



52 Journal of The Arab Society for Medical Research, Vol. 13 No. 1, January-June 2018

[Downloaded free from http://www.new.asmr.eg.net on Thursday, January 3, 2019, IP: 62.193.78.199]
3 Van Der Waal I. Potentially malignant disorders of the oral and
oropharyngeal mucosa; terminology, classification and present concepts
of management. Oral Oncol 2009; 45:317–323.

4 Rethman MP, Carpenter W, Cohen EE, Epstein J, Evans CA, Flaitz CM, et
al. Evidence base clinical recommendations regarding screening for oral
squamous cell carcinomas. J Am Dent Assoc 2010; 141:509–520.

5 Bhatia N, Lalla Y, Vu AN, Farah CS. Advances in optical adjunctive aids for
visualisation and detection of oral malignant and potentially malignant
lesions. Int J Dent 2013; 2013:1–17.

6 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer
statistics. CA Cancer J Clin 2011; 61:69–90.

7 Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer J Clin
2010; 60:277–300.

8 Epstein JB, Guneri P, Boyacioglu H, Abt E. The limitations of the clinical oral
examination in detecting dysplastic oral lesions and oral squamous cell
carcinoma. J Am Dent Assoc 2012; 143:1332–1342.

9 Petruzzi M, Lucchese A, Nardi GM, Lauritano D, Favia G, Serpico R, et al.
Evaluation of autofluorescence and toluidine blue in the differentiation of
oral dysplastic and neoplastic lesions from non dysplastic and neoplastic
lesions: a cross-sectional study. J Biomed Opt 2014; 19:076003–076007.

10 Liu D, Zhao X, Zeng X, Dan H, Chen Q. Non-invasive techniques for
detection and diagnosis of oral potentially malignant disorders. Tohoku J
Exp Med 2016; 238:165–177.

11 Hanken H, Kraatz J, Smeets R, HeilandM, BlessmannM, EichhornW, et al.
The detection of oral pre-malignant lesions with an autofluorescence based
imaging system (VELscopeTM) − a single blinded clinical evaluation. Head
Face Med 2013; 9:1–7.

12 Sreeshyla H, Sudheendra U, Shashidara R. Vital tissue staining in the
diagnosis of oral precancer and cancer: stains, technique, utility, and
reliability. Clin Cancer Investig J 2014; 3:141.

13 Mithani SK, Mydlarz WK, Grumbine FL, Smith IM, Califano JA. Molecular
genetics of premalignant oral lesions. J Oral Dis 2007; 13:126–133.

14 Brouns E, Baart J, Karagozoglu K, Aartman I, Bloemena E, van Der Waal I.
Malignant transformation of oral leukoplakia in a well-defined cohort of 144
patients. J Oral Dis 2014; 20:e19–e24.

15 Ford PJ, Farah CS. Early detection and diagnosis of oral cancer: strategies
for improvement. J Cancer Policy 2013; 1:e2–e7.

16 Dost F, Lê Cao K, Ford PJ, Ades C, Farah CS. Malignant transformation of
oral epithelial dysplasia: a real-world evaluation of histopathologic grading.
Oral Surg Oral Med Oral Pathol Oral Radiol 2014; 117:343–352.
17 Sherin N, Simi T, Shameena P, Sudha S. Changing trends in oral cancer.
Indian J Cancer 2007; 45:93–96.

18 Llewellyn C, Johnson N, Warnakulasuriya KAAS. Risk factors for
squamous cell carcinoma of the oral cavity in young people − a
comprehensive literature review. Oral Oncol 2011; 37:401–418.

19 Gillison ML. Current topics in the epidemiology of oral cavity and
oropharyngeal cancers. Head Neck 2007; 29:779–792.

20 Petruzzi M, Lucchese A, Baldoni E, Grassi FR, Serpico R. Use of Lugol’s
iodine in oral cancer diagnosis: an overview. Oral Oncol 2010; 46:811–813.

21 Lin WJ, Jiang RS, Wu SH, Chen FJ, Liu SA. Smoking, alcohol, and betel
quid and oral cancer: a prospective cohort study. J Oncol 2011; 2011:
525976.

22 Mehrotra R, Hullmann M, Smeets R, Reichert TE, Driemel O. Oral cytology
revisited. J Oral Pathol Med 2008; 38:161–166.

23 Mcnamara KK, Martin BD, Evans EW, Kalmar JR. The role of direct visual
fluorescent examination (VELscope) in routine screening for potentially
malignant oral mucosal lesions. Oral Surg Oral MedOral Pathol Oral Radiol
2012; 114:636–643.

24 MoroA, Di Nardo F, Boniello R,Marianetti TM, Cervelli D, Gasparini G, et al.
Autofluorescence and early detection of mucosal lesions in patients at risk
for oral cancer. J Craniofac Surg 2010; 2:1899–1903.

25 Rana M, Zapf A, Kuehle M, Gellrich NC, Eckardt AM. Clinical evaluation of
an autofluorescence diagnostic device for oral cancer detection: a
prospective randomized diagnostic study. Eur J Cancer Prev 2012; 21:
460–466.

26 Scheer M, Neugebauer J, Derman A, Fuss J, Drebber U, Zoeller JE.
Autofluorescence imaging of potentially malignant mucosa lesions. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2011; 111:568–577.

27 Rosenberg D, Cretin S. Use ofmeta-analysis to evaluate tolonium chloride in
oral cancer screening. Oral Surg Oral Med Oral Pathol 1989; 67:621–627.

28 Allegra E, Lombardo N, Puzzo L, Garozzo A. The usefulness of toluidine
staining as a diagnostic tool for precancerous and cancerous
oropharyngeal and oral cavity lesions. Acta Otorhinolaryngol Ital 2009;
29:187–190.

29 Pallagatti S, Sheikh S, Aggarwal A, Gupta D, Singh R, Handa R, et al.
Toluidine blue staining as an adjunctive tool for early diagnosis of dysplastic
changes in the oral mucosa. J Clin Exp Dent 2013; 5:e187–e191.

30 Parakh MK, Reddy RJ, Subramani P. Toluidine blue staining in
identification of a biopsy site in potentially malignant lesions: a case-
control study. Asia Pac J Oncol Nurs 2017; 4:356–360.


