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ABSTRACT:
Purpose: With the advance of the modern technolo-

gies, the identification of dysplastic changes in the oral mu-
cosa on a molecular level seems to have transferred into the
dental office. With the new methods, however, new respon-
sibilities and problems arise. The current review is an attempt
to present the advantages and disadvantages of the clinical
technologies used for early diagnostics of the oral precan-
cerous lesions.

Materials and Methods: This study is based on an
extensive literature review and personal clinical experience
with these contemporary evaluating methods of oral precan-
cerous lesions.

Results: The results from the pathohistological evalu-
ation reveal stratified squamous epithelium with pronounced
parabasal hyperplasia, disturbed maturation and loss of po-
larity of the basal cells. The latter demonstrates hyperchro-
matic polymorphic nuclei and single mitotic figures in half
of the epithelial thickness. The morphological data points
to a moderate epithelial dysplasia.

Conclusion: The loss of autofluorescence seems to be
the most promising non-invasive method for identification
of epithelial dysplasia in the oral cavity. The presence of
some non-dysplastic lesions, which can also be non-fluores-
cent, i.e. produce “false negative” results, is one of the dis-
advantages of this method. Despite that most modern tech-
nologies are practical and convinient, they should be ap-
proached with a critical eye and should not be used as sin-
gle and independent diagnostic means but only as an ad-
junct to the established classical methods of diagnostics.
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INTRODUCTION
From a historical perspective the concept of oral pre-

cancerous lesions has undergone many changes and even
today it continues to be confusing. In 1805 [1] a team of
European physicians made the presumption that a group
of benign diseases exist, which, if monitored over a long
enough period, always develop into invasive carcinomas
[2]. According to the current concept, a precancerous con-
dition is defined as a condition at an increased risk of trans-
formation into a neoplasm. Oral precancerous lesions have

been described in great detail, starting back in the1870s
when Sir James Paget, one of the most renowned English
surgeons, presumed that leukokeratosis, or nicotine stoma-
titis of the hard palate or the tongue, in avid smokers leads
to an increased risk of transformation into a malignant dis-
ease [3]. He claimed that he had observed the first trans-
formation into a cancer of this kind in 1851. Quite ironi-
cally, the current understanding of the aetiology of nico-
tine stomatitis as a premalignant condition does not involve
the presence of carcinogenic substances but the reaction
of the oral epithelium to the heat produced by the nico-
tine smoke [3, 4]. The hyperkeratinized (protective) mu-
cosa of the hard palate is actually one of the areas least
likely to develop an oral carcinoma [2]. Another white kera-
totic lesion is leukoplakia (Fig. 1). It poses a much greater
risk of malignant transformation, which has been discussed
even earlier than 1876 when the Hungarian dermatologist
Schwimmer introduced this term. Nowadays, it has been
proven that leukoplakia accounts for more than 80% of all
oral precancerous lesions. It is present in approximately 3%
of the population aged over 35 in the USA, and its preva-
lence increases with the increase of age and the increased
use of tobacco [2, 3, 5, 6, 7].

Fig. 1. Leukoplakia – homogenous (white patch) form

Due to the persistent discussions on the correct
meaning and use of the term premalignant conditions, the
WHO has organized seminars in search of a new definition
of the term precancerosis and the different oral precancer-
ous lesions. The most recent seminar was held in London
in 2005. The WHO recommended that the term
precancerosis isdiscarded and that a more accurate term –
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potentially malignant disorder, be used [8]. An attempt to
fully discard the term leukoplakia was made, due to its pro-
gressively changing definition over time, but a more accu-
rate term has not been agreed upon. Regarding all white
mucosal patches in the oral cavity, the term leukoplakia is
defined as “a whitish patch or plaque that cannot be iden-
tified clinically or pathologically as any other disease”, and
is not associated with any physical or chemical causative
agent, except the use of tobacco [2, 8]. This diagnosis ex-
cludes lichen planus, frictional hyperkeratosis, tobacco hy-
perkeratosis caused by tobacco chewing, nicotine stomati-
tis and alveolar ridge keratosis, i.e. all diseases which in

the past have been described with the term leukoplakia.
Nowadays the term is used in a strictly clinical sense, with
no reference to a specific morphological change of the tis-
sue, except for the proliferation of the surface epithelium
containing keratin, which is responsible for the white col-
our of the lesion. It is known that if certain clinical changes
occur within the leukoplakia, there is a higher risk of its
transformation into cancer. Such is the case with the clini-
cal lesion described as erythroleukoplakia (Fig. 2), which
in most cases under a microscopic examination represents
as epithelial dysplasia or even carcinoma in situ.

Fig. 2. Erythroleukoplakia with a moderate dysplasia (indicated by arrows)

It is considered that a clinical entity like leukoplakia
has a potential for malignant transformation of approxi-
mately 4% (assumed risk for the entire life), although there
are only a few clinical cases where patients were followed-
up throughout their whole life [2, 7, 9]. The risk of transfor-
mation of the lesions of epithelial origin varies between ap-
proximately 4-11 % for the moderate dysplasia and between
approximately 20-30% for the severe dysplasia (fig. 3), the
malignant transformation occurring within 3 years after the
dysplasia has been diagnosed [7-11]. The epithelium with a
lower degree of dysplasia has a relatively more favourable

biological behaviour. For this reason, the most significant
studies on the monitoring of the oral dysplasia are focused
on its severe forms or on the carcinoma in situ (often pre-
senting as combined lesions), because the two conditions
exhibit a similar biological behaviour [7, 9, 12].

How often can dysplastic cells be found in cases of
erythroplakia and leukoplakia? The most recent studies show
that in approximately 5-25% of the cases of leukoplakia the
biopsy indeed reveals dysplastic epithelial cells, while in
the cases with erythroplakia their numbers account for as
much as the impressive 90% [2, 8, 12].

Fig. 3. Erythroplakia with severe dysplasia (indicated by an arrow)
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In this regard, erythroplakia is considered as a high-
risk process, unlike leukoplakia. Actually, the greatest part
of the cases with leukoplakia does not demonstrate signs of
cell atypia. How are they determined as high-risk lesions
then?

Certain clinical signs like for instance: big size, nodu-
lar surface, erythema or fissures going through the white
patch (speckled leukoplakia, erythroleukoplakia), the
multifocalmiliary leukoplakia,the erosive and ulcerative
forms are significant in this sense. (fig. 4) [7, 13, 14]

Fig. 4. Miliary homogenous form of leukoplakia with no dysplasia

These clinical signs are associated with a greater risk
of dysplastic cells being present, therefore namely the af-
fected areas should be the ones chosen for a biopsy test. This
is true especially for the large-size leukoplakia lesions, as a
negative result would lead to a false feeling of safety and
poor monitoring of the lesion.

In the course of a few decades, the presence of the
abovementioned clinical signs has been the major factor in
the risk assessment of a dysplastic lesion and its transforma-
tion into cancer. While they might work remarkably well in
the hands of an experienced clinician, most general dental
practitioners do not possess enough experience so as to take
an optimal decision when it comes to the diagnosis and moni-
toring of such lesions. The new technologies for identifica-
tion of dysplastic cells inside the lesions offer help to the
general dental practitioners and can be utilized in the den-
tal office. These technologies make it easier for clinicians
to distinguish the areas suitable for biopsy test, which al-
lows for a more accurate risk assessment of the dysplastic
lesion, and to identify any suspicious areas of the lesion.
This consideration is of utmost importance, as a biopsy taken
from an unsuitable spot is not indicative of the risk areas
and does not allow for a timely diagnosis and treatment [15,
16].

All these factors indicate the growing need for a de-
finitive solution of this problem at an early stage, starting
from the general dental practice.

With the advance of the modern technologies, the
identification of dysplastic changes in the oral mucosa on a
molecular level seems to have transferred into the dental of-
fice. With the new methods, however, new responsibilities

and problems arise [17]. The current review is an attempt
to present the advantages and disadvantages of the clini-
cal technologies used for early diagnostics of the oral pre-
cancerous lesions.

Diagnostic non-invasive methods for the examina-
tion of the oral mucosa. Autofluorescence – scientific ra-
tionale. Each cell in the human body contains molecules
capable of autofluorescence, especially when they are ac-
tivated (excited)by a specific wavelength [26]. The excita-
tion and emission of fluorescence depending on how light
is scattered and absorbed by the tissue. The scattering of
light is caused by the differences in the refraction index of
the various tissue components, while the absorption de-
pends on the molecular composition of these components
[26]. There are different fluorescent components in humans:
tryptophan, porphyrins, collagen fiberes, elastin, NADH,
flavins (FAD), etc. [25]. This fluorescent signalling is used
in the evaluation of the metabolic state of the tissues and
for the identification of dysplastic cells. When violet or
blue light is used in a dark room, autofluorescence can be
easily observed through an eyepiece or glasses filtering the
reflected light and transmitting only the light with wave-
length characteristic of the fluorescent tissues. The wave-
lengths which excite the greatest degree of fluorescence of
the biological tissues vary between 400 and 460nm, i.e. this
is the violet and blue light. The device VELScope(R) (LED
DentalInc, Canada) uses blue light (436nm) with a peak in-
tensity, its wavelength inducing green fluorescence of the
soft tissues. The device emits light from its handpiece,
which is connected to a light source and the operator ob-
serves through a filtering eyepiece, which does not allow
the transmission of reflected light.
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Fig. 5. Scheme illustrating the diagnostic principle of VELScope, based on the natural fluorescence of the oral
mucosa. http://www.velscope.com/velscope-technology/tissue-fluorescence/

Fig. 6. The eyepiece of the device can be adapted to a camera, which can be used for obtaining images of the
tissues. In this way, the changes can be demonstrated to the patient and can be further analyzed by the clinician.

An immature or dysplastic epithelial cell produces
lower amounts of NADH and FAD as compared to a normal
cell. Because of that mucosal area containing such cells do
not fluoresce, appearing black, black-greenish or black-blu-
ish when viewed through the eyepiece [18, 19-26]. Experi-

mental data indicatethat due to the intersection of the sub-
epithelial fiberes with the dysplastic cells, the latter lose
their fluorescent activity, which leads to the appearance of
a dark spot, visible through the filter [26]. According to the
present studies, the autofluorescence of dysplastic epithe-
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lium (for instance in a carcinoma) can be 12 times greater as
compared to that of the normal oral mucosa. Biopsies of the
borderline areas between the “green“ and the “dark” mucosa
indicate that the chances of the green/blue mucosa to con-
tain dysplastic cells are very low, while the chances that the
“dark” mucosa might contain such cells are high [25, 27,
28].

The advantage of autofluorescent tests is that the
light used for excitation of the oral epithelium cells pen-
etrates to the deepest layers of the epithelium. Thus it
reaches easily the dysplastic cells of the deeper epithelium
layers, as well as the subepithelial collagen fiberes. This deep
penetration, however, might be a disadvantage in certain

cases, as some non-dysplastic tissue changes also demon-
strate lack of fluorescence during this test. These dark le-
sions are not dysplastic, but due to a change in the blood
circulation, inflammation or infection, they might produce
a false positive result. The presence of this phenomenon re-
quires a thorough knowledge of the commonly observed oral
lesions and assessment under visible light generated from a
close distance. For instance, the excellent property of hae-
moglobin to absorb light, as well as the melanin deposition
cause loss of fluorescence. If there is a multitude of dilated
superficial blood vessels right beneath the epithelium, like
for instance after light trauma or during inflammation, they
can also imitate loss of fluorescence (a black spot).

Fig. 7 Example of autofluorescence.

Clinical examples
A case with Lichen planus (erosive form)
The areas with reduced fluorescence (dark zones) are

considered to be suspicious for epidermal dysplasia, while

the normal intact mucosa appears bright green [24]. The his-
tological examination refuted dysplasia but demonstrated
hyperemia, thinning of the epithelium and inflammation,
which produced a “false” positive result.

Fig. 8. A case with Lichen planus

Multifocal lesions
The area from where the biopsy is obtained is im-

portant for determining the right diagnosis in some dis-
seminated oral lesions. The area with most pronounced

changes is chosen (strongly positive test, i.e. loss of fluo-
rescence). With the red-white lesions, the dark zones can
contain scattered areas of hyperkeratosis, which have a
light green to white colour.
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Clinical case 3. Occult lesions
Even the areas with no strongly pronounced macro-

scopic mucosal changes can be detected with the VELScope

Fig. 9. A. Macroscopic view of lichen planus. B. Macroscopic view of lichen planus with VELScope. C. Macro-
scopic view of miliar leukoplakia. D. Macroscopic view of miliar leukoplakia with VELScope.

Lesions with bacterial or fungal origin:
Clinical case 4. Infectious lesions
Bacteria that use different cytosole molecules exhibit

a red, pink, yellow or orange fluorescence. Fungi, like for

instance Candida, fluoresce in yellow or yellow-orange. This
phenomenon can be used both for diagnostics and for moni-
toring of the results of the treatment.

Fig. 10. A and B. Tongue with chromogenic scattering. During fluorescence orange tinge is observed.

due to the loss of autofluorescence.
The areas with loss of fluorescence are suspicious and

suitable for biopsy.
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A clinical case:
A 56-year-old patient H.Y. sought help due to a pain-

ful area in the zone of the lip commissure and was exam-
ined at the Department of Oral Pathology. The medical his-
tory and the objective examination revealed a lesion of
about 2 sq.cm in size, with a nodular appearance in the cen-
tre and fissures in the periphery. The examination with

VELScope showed a strong loss of fluorescence inside the
lesion and in the surrounding tissues. After determining the
outer borders of the area with lost fluorescence, an excision
biopsy was performed with a CO2 laser and sent for histo-
logical evaluation. The working diagnosis (on observation)
was determined as Erythroleukoplakia.

Fig. 11. A. Macroscopic view of erythroleukoplakia. B. Macroscopic view of erythroleukoplakia with VELScope.
C. Postoperative macroscopic view of erythroleukoplakia. D.  Postoperative macroscopic view of erythroleukoplakia with
VELScope.

RESULTS:
The results from the pathohistological evaluation re-

veal stratified squamous epithelium with pronounced
parabasal hyperplasia, disturbed maturation and loss of po-
larity of the basal cells. The latter demonstrates hyperchro-
matic polymorphic nuclei and single mitotic figures in half
of the epithelial thickness. The morphological data points
to a moderate epithelial dysplasia.

Fig. 12. Microscopic biopsy results. Presence of dys-
plasia, hyperkeratosis and acanthosis.
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CONCLUSION:
The distribution of the oral pathology, especially in

the elderly polymorbid patients, has a predominantly ran-
dom nature with the prevalence of one or another oral le-
sion depending on the general health condition of the pa-
tient and/or the presence of local etiological factors, which
confirms the need for periodic prophylactic examinations of
the risk groups by a specialist in oral pathology. The meth-
ods for early non-invasive diagnostics of the premalignant
lesions can broaden the knowledge about the number, dis-
tribution and nature of the mucosal lesions in risk patients.
The lack of such studies in Bulgaria and the contradictory
results reported by international authors support the need
for detailed research and analysis of the existing non-inva-
sive techniques. The evaluation of the efficiency, specificity
and sensitivity of these methods can give an idea of the pos-
sibility for their integration in the dental practice and en-
courage the use of new non-invasive and easy-to-use meth-
ods for oral screening of the risk patient groups.

While most modern technologies are used they should
be approached with a critical eye and should not be used as
single and independent diagnostic means but only as an ad-
junct to the established classical methods of diagnostics.
The loss of autofluorescence seems to be the most promis-
ing non-invasive method for identification of epithelial dys-
plasia in the oral cavity. The presence of some non-dysplas-
tic lesions, which can also be non-fluorescent, i.e. produce
“false negative” results, is one of the disadvantages of this
method. Thus the gold standard in diagnostics remains the
biopsy which is supported by the complementary non-inva-
sive diagnostic methods. The validation of the method on a
large number of clinical cases will be the subject of future
work, which shall assess its specificity and sensitivity in the
screening and early non-invasive diagnostics of the prema-
lignant oral lesions.

REFERENCES:
matology. 2017 Sep-Oct;35(5):461-
467. [PubMed] [CrossRef]

6. Bouquot JE, Gorlin RJ.
Leukoplakia, lichen planus and other
oral keratoses in 23,616 white Ameri-
cans over the age of 35 years. Oral
Surg Oral Med Oral Pathol. 1986 Apr;
61(4):373-81. [PubMed]

7. Speight PM, Farthing PM,
Bouquot JE. The pathology of oral
cancer and pre cancer revisited. Curr
Diag Path 1996 Sep;3 (3):165-176

8. Napier SS, Speight PM. Natural
history of potentially malignant oral
lesions and conditions: an overview of
the literature. J Oral Pathol Med. 2008
Jan;37(1):1-10. [PubMed] [CrossRef]

9. Warnakulasuriya S, Reibel J,
Bouquot J, Dabelsteen E. Oral epithe-
lial dysplasia classification systems:

predictive value, utility, weaknesses
and scope for improvement. J of Oral
Pathol and Med. 2008; 37 (3): 127-
133 10. Warnakulasuriya S, Bouquot
JE, Reibel J, Dabelsteen E. Oral epithe-
lial dysplasia classification systems:
predictive value, utility, weaknesses
and scope for improvement. J Oral
Pathol Med. 2008 Mar;37(3):127-133.
[PubMed] [CrossRef]

11. Hsue SS, Wang WC, Chen CH,
Lin CC, Chen YK, Lin LM. Malignant
transformation in 1458 patients with
potentially malignant oral mucosal
disorders: a follow-up study based in
a Taiwanese hospital. J Oral Pathol
Med. 2007 Jan;36(1):25-9. [PubMed]
[CrossRef]

12. Bouquot JE, Ephros H.
Erythroplakia: the dangerous red mu-



J of IMAB. 2018 Apr-Jun;24(2) https://www.journal-imab-bg.org 1971

cosa. Pract Perio Aesth Dent. 1995
Aug;7(6):59-67. [PubMed]

13. Villa A, Woo SB. Leukoplakia-
- A Diagnostic and Management Algo-
rithm. J Oral Maxillofac Surg. 2017
Apr;75(4):723-734. [CrossRef]

14. Reibel J. Prognosis of oral pre-
malignant lesions: Significance of
clinical, histopathological and mo-
lecular biological characteristics.Crit
Rev Oral Biol Med. 2003; 14(1):47-
62. [PubMed]

15. Holmstrup P, Vedtofte P, Reibel
J, Stoltze K. Oral premalignant lesions:
is biopsy reliable? J Oral Path Med.
2007 May;36(5):262-6. [PubMed]
[CrossRef]

16. Grillone, GA, Wang Z,
Krisciunas GP, Tsai AC, Kannabiran,
VR, Pistey RW, et al. The color of can-
cer: Margin guidance for oral cancer
resection using elastic scattering
spectroscopy. Laryngoscope. 2017
Sep;127 Suppl 4:S1–S9. [PubMed]
[CrossRef]

17. Trullenque-Eriksson A, Muñoz-
Corcuera M,Campo-Trapero J, Cano-
Sánchez J, Bascones-Martínez A.
Analysis of new diagnostic methods in
suspicious lesions of the oral mucosa.
Med Oral Patol Oral Cir Bucal. 2009
May;14(5):E210-6. [PubMed]

18. Goodson ML, Smith DR,
Thomson PJ. Efficacy of oral brush bi-

opsy in potentially malignant disorder
management. J Oral Pathol Med. 2017
Nov;46(10):896–901. [PubMed]
[CrossRef]

19. Kerr AR, Sirois DA, Epstein JB.
Clinical evaluation of chemilumi-
nescent lighting: an adjunct for oral
mucosal examinations. J Clin Dent.
2006; 17(3):59-63. [PubMed]

20. Cicciù M, Herford AS, Cervino
G, Troiano G, Lauritano F, Laino L.
Tissue Fluorescence Imaging
(VELscope) for Quick Non-Invasive
Diagnosis in Oral Pathology. J
Craniofac Surg.  2017 Mar;28(2):
e112–e115. [PubMed] [CrossRef]

21. Oh ES, Laskin DM. Efficacy of
the ViziLitesystem in the identifica-
tion of oral lesions. J Oral Maxillofac
Surg. 2007 Mar;65(3):424-6.
[PubMed] [CrossRef]

22. Farah CS, Bhatia N, Lalla Y, Vu
A, John K, Gupta V, et al. Advances in
Early Detection and Diagnostic Ad-
juncts in Oral Cavity Cancer. In: Con-
temporary Oral Oncology. Kuriakose
MA. (eds). Springer, Cham. 2017;
Chapter 9:pp. 355-421. [CrossRef]

23. https://www.denmat.com/Oral
Hygiene/Lesion Detection/ViziLite/
Pack

24. Betz CS, Mehlmann M, Rick K,
Stepp H, Grevers G, Baumgartner R, et

al. Autofluorescence imaging and
spectroscopy of normal and malignant
mucosa in patients with head and neck
cancer. Lasers Surg Med. 1999; 25(4):
323-34. [PubMed] [CrossRef]

25. Svistun E, Alizadeh-Naderi R,
El-Naggar A, Jacob R, Gillenwater A,
Richards-Kortum R. Vision enhance-
ment system for detection of oral cav-
ity neoplasia based on autofluo-
rescence. Head Neck.  2004 Mar;
26(3):205-15. [PubMed] [CrosRef]

26. Mayevsky A, Rogatsky GG.
Mitochondrial function in vivo evalu-
ated by NADH fluorescence: from ani-
mal models to human studies. Am J
Physiol Cell Physiol.  2007
Feb;292(2):C615-40. [PubMed]
[CrossRef]

27.  Speight PM, Epstein J, Kujan
O, Lingen MW, Nagao T, Ranganathan
K, et al. Screening for oral cancer -- a
perspective from the Global Oral Can-
cer Forum. Oral Surg Oral Med, Oral
Pathol Oral Radiol. 2017 Jun;123(6):
680-687. [PubMed] [CrossRef]

28. Roblyer D, Kurachi C,
Stepanek V, Williams MD, El-Naggar
AK, Lee JJ, et al. Objective detection
and delineation of oral neoplasia us-
ing autofluorescence imaging. Cancer
Prev Res (Phila Pa). 2009 May;2(5):
423-431. [PubMed] [CrossRef]

Address for correspondence:
Nikolay Veselinov Nikolov,
Department of Periodontology, Oral Pathology Department, Faculty of Dental
Medicine, Medical University, Plovdiv
3, Hristo Botev Blvd., 4000 Plovdiv, Bulgaria
E-mail: dr_n.nikolov@abv.bg

Please cite this article as: Nikolov NV, Popova E, Tomov G. A contemporary non-invasive method for assessing oral
precancerous lesions. J of IMAB. 2018 Apr-Jun;24(2):1963-1971. DOI: https://doi.org/10.5272/jimab.2018242.1963

Received: 09/11/2017; Published online: 02/04/2018


