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ABSTRACT

Background: To analyze the efficacy of fluorescence visualization in early detection of oral early neoplastic
processes when used by an inexperienced and an adept oral examiner.

Methods: A dental student and an expert professional in oral diagnosis examined 15 randomly selected
patients using conventional oral examination and fluorescence visualization searching for early signs of
epithelial dysplasia and oral potentially malignant disorders. Patients detected with oral lesions in any
of examinations were submitted to incisional biopsy for definitive diagnosis.

Results: Taking histopathologic analysis as Gold Standard, sensitivity, specificity, positive and nega-
tive predictive values and accuracy of inexperienced examiner for detecting both epithelium dysplasia
and oral potentially malignant disorders increased when using fluorescence visualization compared to
conventional white light examination, matching the same values found for expert professional in oral
diagnosis. Furthermore, it was possible to observe discrete increase in the efficacy of expert professional’s
examination when using fluorescence visualization.

Conclusion: This study indicates fluorescence visualization is capable of improve inexperienced profes-
sionals’ efficacy for early detecting oral lesions more prone to be dysplastic and oral potentially malignant

disorders.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

With the increase in oral squamous cell carcinoma (OSCC) inci-
dence around the world and its association with poor chances
of cure and 5-year survival, which might be due to high rates in
delayed diagnosis, the development of methods which might help
to detect early signs of neoplastic transformation have become
mandatory [1,2]. Due to the difficulty in early diagnosis of oral can-
cer, it is important to search and discuss aids which might help to
improve clinical examination. Therefore, since 1924, when Policard
[3] began to study fluorescence applied to oncology, intense efforts
have been given from biomedical engineering and oral medicine
researchers regarding the use of fluorescence techniques for early
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detecting oral lesions more prone to be dysplastic and oral poten-
tially malignant disorders (OPMD) [4,5].

Fluorescence visualization method was developed aiming to
provide oral clinicians an aid for evidencing early signs of neoplastic
processes [6]. This method consists in emitting fluorescent violet
light (400 nm) over oral mucosa through LEDs systems, and observ-
ing its response to this stimulus. Normal oral mucosa will disperse
and absorb a fraction of the energy applied over it and reflect the
greatest part on a larger wavelength (450-500 nm), presenting as
an apple-green fluorescence when observed through optical filters
which blocks the incident light [6-8]. Once neoplastic processes are
characterized by molecular and morphologic changes, this tissue
will disperse and absorb the greatest part of emitted energy, there-
fore, reflected wavelengths are out of human eye visible spectrum
region and neoplastic tissue will present as dark site in oral mucosa
(fluorescence loss) [6,9].

When the first prototype of fluorescence visualization hand-
held device was developed, Lane et al. (2006) [8], found that among
44 patients, sensitivity and specificity values for this device were,
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respectively, 98% and 100% for discriminating normal mucosa from
severe dysplasia/carcinoma in situ. Later in 2009, Huff et al. [10],
using a commercialized fluorescence visualization device, found
that this method was capable of increase the detection rate of oral
abnormalities, most of which were OPMD. Hanken et al. (2013)
[11], demonstrated values of sensitivity and specificity of 97% and
41%, respectively, using the same device as Huff et al., conclud-
ing the method might help on the experienced examiners’ clinical
examination. Sweeny et al. [12], in 2011, reported fluorescence
visualization with high sensitivity (81%) and specificity (50%) val-
ues, nevertheless, oral examination under conventional white-light
demonstrated higher sensitivity (98%) and similar specificity (50%),
not supporting the efficacy of fluorescence visualization. Therefore,
contradictory results highlight the need for further studies assess-
ing the efficacy of this method for early detecting oral lesions prone
to be dysplastic, OPMD and OSCC.

Due to variable results in literature regarding the efficacy of
fluorescence visualization in detecting oral lesions potentially dys-
plastic, OPMD and OSCC, and the lack of studies evaluating the
potential of this method for enhancing unskilled professionals
capacity in detecting these lesions, the aim of this pilot study was to
evaluate fluorescence visualization for early detecting oral lesions
potentially dysplastic and OPMD in general population scanning,
when used by an unskilled and an adept examiner in oral diagnosis,
and compare to the conventional white-light clinical examination
performed by both examiners.

2. Materials and methods
2.1. Ethical approval

This study was performed after approval by the ethics com-
mittee for research of the Camilo Castelo Branco University
(UNICASTELO) through the protocol no. 43602515.5.0000.5494.

2.2. Samples

15 patients were randomly selected from the screening clinic
of the UNICASTELO dentistry course and invited to participate in
the study, accepting through signing informed consent term. Of
these patients, 11 (73.33%) were men, four (26.66%) were women,
and the average age was 52.13 years. Two (13.33%) patients were
considered smokers, and six (40%) alcoholic.

Adept professional in oral diagnosis was represented by a Doc-
tor of Dental Surgery (DDS) and Master of Science (MSc) of oral
medicine area, while unskilled examiner was represented by a den-
tal student, who had already undergone clinical training for oral
examination. Examiners also accepted to participate in the study
by signing informed consent term. Both examiners performed oral
conventional and fluorescence visualization examination on the
same 15 patients, therefore, each patient underwent four oral
examinations.

2.3. Oral conventional clinical examination (white-light
examination)

For oral conventional clinical examination, both examiners
were calibrated through training lecture performed by a further
professional adept in oral diagnosis. Therefore, this examination
was systematically performed, observing and palpating every oral
structure, with the patient seated in a dental chair. Then, the exam-
iners reported the positivity or negativity of oral lesion on patients’
individual records.

2.4. Fluorescence visualization examination

Following the oral conventional clinical examination, both
examiners performed the examination using the handheld device
EVINCE® (MMOptics, Sdo Carlos, SP, Brazil), which emits light in
400 nm wavelength through LEDs system, and allows the observa-
tion of tissue autofluorescence through optical filter linked to the
device.

This examination was performed in dark room, aiming to avoid
the interference of white-light on the observation of tissue fluores-
cence. The examiners were equally calibrated for using the device
and performed the examination systematically, observing the flu-
orescence of all oral structures. When noticing a well demarcated
area of fluorescence loss (dark region), examiners reported the pos-
itivity of lesion on patients’ individual records.

2.5. Definitive diagnosis (Gold standard)

In patients with lesions detected through any of the four exami-
nations, it was performed incisional biopsy of the lesion. Specimens
were fixed in formalin 10% and histopathologic analysis were per-
formed, leading to the final diagnosis of each lesion.

2.6. Data analysis

Through descriptive analysis we performed the collection, orga-
nization and description of data obtained. In this analysis we
evaluated the following variables: Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV) and accu-
racy for each examination patients underwent, taking as diagnosis
Gold Standard method, the histopathologic analysis.

3. Results

Among 15 patients included in this study, five (33.3%) lesions
with malignant risk were diagnosed, among which two (40%)
demonstrated epithelial dysplasia. One of the dysplastic lesions
was not detected neither by the dentistry student nor by the adept
examiner using white-light examination, and it was included in the
group of lesions with malignancy risk for demonstrating dysplasia,
which is an indicator of malignant transformation. Oral leukoplakia
was the most common lesion detected (60%), followed by actinic
cheilitis (20%).

3.1. Fluorescence visualization efficacy for detecting oral lesions
more prone to be dysplastic

As seen in Table 1, unskilled examiner sensitivity, PPV, NPV and
accuracy for detecting oral lesions more prone to be dysplastic
among patients included in this study increased when using flu-
orescence visualization, although, the same did not happened with
specificity value. Observing the same variables for the efficacy of
adept professional in oral diagnosis in detecting oral lesions more
prone to be dysplastic, it is possible to observe although sensitivity
and accuracy values did not increase using fluorescence visualiza-
tion, specificity, PPV, NPV did.

When comparing both examiners, it is possible to observe that
when using fluorescence visualization aid, unskilled examiner’s
efficacy for detecting dysplasia was improved to values compatible
with the adept examiner. Although specificity, PPV and NPV val-
ues for adept professional efficacy in detecting oral lesions which
demonstrated to be dysplastic in histopathologic analysis increased
with the aid of fluorescence visualization, this improvement for
unskilled examiner were more notable (Table 1).
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Table 1

Sensibility, specificity, positive predict value*, negative predict value** and accuracy for autofluorescence visualization and conventional clinical examination diagnosing

epithelial dysplasia.

Unskilled examiner Unskilled examiner
(conventional clinical

examination)

(fluorescence visualization)

Adept examiner (conventional
clinical examination)

Adept examiner (fluorescence
visualization)

Sensibility 50% 100% 100% 100%

Specificity 46.15% 46.15% 38% 46%

PPV 12.5% 22.22% 20% 22.22%

NPV 85.71% 100% 100% 100%

Accuracy 46.66% 53.33% 46.66% 53.33%
Table 2

Sensibility, specificity, positive predict value*, negative predict value** and accuracy for autofluorescence visualization and conventional clinical examination diagnosing oral

potentially malignant disorders.

Unskilled examiner Unskilled examiner
(conventional clinical

examination)

(fluorescence visualization)

Adept examiner (conventional
clinical examination)

Adept examiner
(fluorescence visualization)

Sensibility 60% 100%
Specificity 50% 60%
PPV 37.5% 55.55%
NPV 71.42% 100%
Accuracy 53.33% 73.33%

100% 100%

50% 60%
50% 55.55%
100% 100%
66.66% 73.33%

3.2. Fluorescence visualization efficacy for detecting OPMD

For detecting OPMD, specificity values were similar for both
examiners This value was increased when oral examination was
performed with the aid of fluorescence visualization. Adept pro-
fessional in oral diagnosis NPV was not altered for detecting OPMD
(100%) with the aid of fluorescence visualization (Table 2).

Nevertheless, when using fluorescence visualization aid,
unskilled examiner sensitivity, specificity, PPV, NPV and accuracy
values were all improved. The same is observed for adept examiner
specificity, PPV and accuracy values, nevertheless, for this exam-
iner, increases were more discrete. It is important to notice that
once enhanced with the aid of fluorescence visualization, variables
values for unskilled examiner is compatible with the same values
for adept examiner (Table 2).

4. Discussion

Fluorescence visualization had demonstrated high efficacy for
detecting early oral neoplastic transformation, nevertheless, few
clinical studies evaluating the efficacy of this method in general
population scanning have been conducted, and in most of studies,
examination by fluorescence visualization is performed by adept
professional in oral diagnosis and with wide knowledge regarding
the method [13].

Our results demonstrated that the use of fluorescence visual-
ization increased sensitivity, PPV, NPV and accuracy values for the
inexperienced examiner to detect oral lesions more prone to be
dysplastic when compared to its conventional clinical oral exami-
nation, while specificity value was not altered. These results suggest
fluorescence visualization might enhance the capacity of the inex-
perienced examiner not only for detecting oral lesions more prone
to be dysplastic, but furthermore, for correctly provide real pos-
itive and real negative results. In 2006, when the first hand-held
fluorescence visualization device was evaluated by Lane et al. [8],
authors reported sensitivity and specificity values of 98% and 100%,
respectively, for discriminating normal epithelium from dysplasia.
In study performed by Jayaprakash et al. [14], fluorescence visu-
alization associated to white-light examination provided higher
values of sensitivity than white-light examination alone for detect-
ing high-grade lesions (from 71% to 100%), corroborating with our
results. However, in these studies, the efficacy of the method used

by an unskilled professional was not assessed. Apart from that, in
our study, accuracy for detecting oral lesions more prone to be dys-
plastic increased from 46.66% (white light examination) to 53.33%
(fluorescence visualization), corroborating with results published
by Farah etal.[15], in which fluorescence visualization accuracy for
detecting oral lesions with dysplastic features in histopathologic
analysis was 55%.

Although discrete, it is also possible to observe improvements
in the efficacy of both examiners (more discrete for the adept pro-
fessional than for unskilled examiner) for detecting OPMD when
using fluorescence visualization. However, adept professional in
oral medicine sensitivity (100%) and NPV (100%) using white-
light examination were not altered when this professional used
fluorescence visualization, which indicates this professional was
capable of providing real positive results for OPMD independently
of fluorescence visualization, as well as being able of accurately con-
sidering non-sick patients. Moreover, it is also possible to observe
that an unskilled examiner was capable of matching its efficacy
for detecting OPMD to adept professional’s efficacy, when aided
by fluorescence visualization. In 2013, Hanken et al. [11] also
demonstrated fluorescence visualization improved sensitivity for
detecting OPMD (from 75% to 97.9%) in values equivalent to ours
for an adept professional. Nevertheless, specificity values in our
study were higher when both examiners used fluorescence visu-
alization aid (from 50% to 60%), while Hanken et al. [11] reported
specificity value for detecting OPMD increased from 33.3% to 41%
with fluorescence visualization aid. Moreover, corroborating with
Farahetal.[15],in our study oral leukoplakia was the most frequent
OPMD diagnosed.

The evidence found in this pilot study indicates fluorescence
visualization might possibly help to improve generalist dental prac-
titioners’ potential for detecting oral risky lesions and refer these
patients to specialized care for obtaining correct diagnosis and
early adequate treatments. Unfortunately, there is not sufficient
evidence in literature which supports the efficacy of this method in
general population scanning for oral lesions with malignant risk,
and that is the reason we are further conducting research with
wider samples and suggesting the need for more studies regard-
ing this issue using different methodologies aiming to clarify the
real effectiveness of tissue fluorescence visualization for detecting
sings of oral early neoplastic processes. It is also important to notice,
fluorescence visualization might serve as an aid for evidencing oral
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lesions and should not be seen as a Golden Standard or first choice
in oral diagnosis process.
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