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Abstract

The diagnostic pathway for oral suspicious 
lesions usually starts with the clinical exami-
nation based on inspection and palpation of 
the oral mucosa. Such a phase is strongly 

related to the experience of the operator. 
Moreover, oral epithelial dysplasia and early 
oral carcinomas may already be present within 
areas of macroscopically intact oral mucosa. 
A great interest for techniques potentially 
improving the diagnostic accuracy has devel-
oped in several fields of surgical oncology in 
order to increase the specificity and sensitivity 
of the conventional diagnostic pathway. The 
development of noninvasive methods for real- 
time screening of neoplastic changes in oral 
cavity may be associated with the improve-
ment of patients’ quality of life and survival 
rate. The analysis of tissue autofluorescence 
(AF) for improving sensitivity and specificity 
in cancer diagnosis has been proposed for dif-
ferent organs, including colon, lung, cervix, 
and esophagus. Particularly, there are several 
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evidences supporting the effectiveness of this 
technique in head and neck cancer diagnosis. 
Autofluorescence shows high specificity and 
sensitivity for oral cancer and precancerous 
lesions: 72.4% and 63.79%, respectively. It 
can also provide valuable information for 
diagnosis, for planning of margin resection in 
surgical excision, and for monitoring the ther-
apeutic response during follow-up. Direct 
visual fluorescence examination (DVFE) is 
based on the action of irradiation of specific 
wavelengths, between 375 and 440 nm, which 
excites some natural fluorochromes which 
show fluorescence in the range of the green 
color. The analysis of the lesions with AF 
tools must be performed in a dark environ-
ment to avoid the interference of white light 
wavelengths and to improve the quality of 
recorded images. Healthy oral mucosa emits 
fluorescence, detectable as green light. Cell 
and tissues within dysplastic and malignant 
lesions display modifications of the amount, 
distribution, and chemical–physical properties 
of the endogenous fluorophores. This results 
in an autofluorescence pattern variation that 
can be potentially used at diagnostic level. 
Loss of autofluorescence (LAF) seems to 
increase in correspondence to the progression 
of dysplasia, and altered tissue appears dark 
(brown to black). LAF in dysplasia and carci-
noma seems to be connected to different 
mechanisms, such as altered metabolic activ-
ity of dysplastic keratinocytes, altered struc-
ture of subepithelial collagen, and absorbance 
of light by increased blood circulation due to 
inflammatory phenomena in dysplastic tissue 
and cancer. AF can be used for guiding inci-
sional biopsy and in the excision to identify 
the resection margins.
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12.1  Noninvasive Methods 
in Diagnostics and Surgical 
Oncology

Oral cancer is a common malignant tumor. The 
5-year survival rate of this neoplasm is low 
(approximately 50%), the delayed diagnosis 
being among the most important reasons. It is 
therefore important to emphasize the role of early 
diagnosis and treatment [1].

The diagnostic pathway for oral suspicious 
lesions usually starts with the clinical examina-
tion based on inspection and palpation of the oral 
mucosa. Such a phase is strongly related to the 
experience of the operator. Moreover, oral epi-
thelial dysplasia and early oral carcinomas may 
already be present within areas of macroscopi-
cally intact oral mucosa.

A great interest for techniques potentially 
improving the diagnostic accuracy has developed 
in several fields of surgical oncology in order to 
increase the specificity and sensitivity of the con-
ventional diagnostic pathway. The development 
of noninvasive methods for real-time screening 
of neoplastic changes in oral cavity may be asso-
ciated with the improvement of patients’ quality 
of life and survival rate.

Principles underlying the functioning of non-
invasive visual diagnostic tools for oral cancer 
and dysplastic lesions are very different, being 
based on diverse specific cellular and tissue 
characteristics. Most common tools within such 
a context are chemiluminescence (CL), tolu-
idine blue (TL), and chemiluminescence associ-
ated with toluidine blue (CLTB). Among these, 
the use of autofluorescence (AF) has recently 
attracted the interest of researchers.

The analysis of tissue autofluorescence for 
improving sensitivity and specificity in cancer 
diagnosis has been proposed for different organs, 
including colon, lung, cervix, and esophagus. 
Particularly, there are several evidences support-
ing the effectiveness of this technique in head and 
neck cancer diagnosis. Autofluorescence shows 
high specificity and sensitivity for oral cancer 
and precancerous lesions: 72.4% and 63.79%, 
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respectively. It can also provide valuable infor-
mation for diagnosis, for planning of margin 
resection in surgical excision, and for monitoring 
the therapeutic response during follow-up [2].

12.2  Autofluorescence: 
Background

The extent and nature of structural and biochemi-
cal changes taking place during the transforma-
tion from normal to precancerous state to oral 
cancer are poorly understood.

The native cellular fluorescence is the innate 
capacities of tissues to absorb and transmit light. 
It has been well recognized since many years that 
several subcellular components, called fluoro-
phores, are capable of emitting light of specific 
wavelengths different from that of an exciting 
radiation.

Fluorophores can be classified into endog-
enous and exogenous. Endogenous fluorophores, 
either intracellular or extracellular, are present 
in several biologic tissues, being responsible 
for the phenomenon of autofluorescence (AF). 
Autofluorescence is a peculiar visual property of 
some tissues depending on the concentration and 
distribution of specific fluorophores.

In the literature, the use of this property in dif-
ferentiating normal from neoplastic oral mucosa 
is widely reported [3].

The technique of AF detection is based on 
illumination of suspicious lesions with mono-
chromatic light, followed by the recording of 
fluorescent spectra emitted by endogenous tissue 
fluorophores. The presence of disease results in 
alteration in concentration of fluorophores as well 
as in alteration of light scattering and absorption 
properties of tissue, nuclear size changes and dis-
tribution, collagen content, and epithelial thick-
ness, which leads to spectral variations [4].

It has been hypothesized that fluorophores of 
oral human tissues are some proteins (e.g., struc-
tural proteins, collagen, elastin; coat proteins, 
keratin) and several coenzymes involved in cel-
lular metabolism, including nicotinamide ade-
nine dinucleotide (NADH) and flavin adenine 

dinucleotide (FAD). Such molecules are stimu-
lated by wavelengths between blue and violet/
ultraviolet light.

The reduced form of NADH and the oxidized 
form of FAD are important fluorophores that 
are good indicators of cellular metabolism. It 
has been shown that fluorescence intensity due 
to NADH increases with dysplastic progression, 
while that of FAD decreases. Maximum NADH 
fluorescence occurs at 340-nm excitation and 
45-nm emission, and FAD occurs at 450-nm 
excitation and 515-nm emission [5].

Another source of AF originates in the submu-
cosal collagen cross-links which have been dem-
onstrated to decrease in the immediate vicinity of 
malignant or premalignant lesions.

Loss of collagen fluorescence is generally 
attributed to changes in its biochemistry, possibly 
due to the breakdown of the extracellular matrix 
by dysplastic cells.

Collagen cross-links and basal lamina of tis-
sue affected by cancer or epithelial dysplasia 
are destroyed, and glucose is highly consumed 
in malignant tissue even in an aerobic environ-
ment. On the contrary, the concentration of FAD 
decreases in epithelial dysplastic tissues [6].

One hypothesis is that matrix metallopro-
teinase (MMP) expression in stromal cells and 
the consequent remodeling of the extracellular 
matrix are induced by altered signaling from dys-
plastic epithelial cells. Collagen yields maximum 
fluorescence at 340-nm excitation and 420-nm 
emission and has significant fluorescence when 
excited between 410 and 470 nm [5].

12.3  Autofluorescence: 
A Diagnostic Support in Oral 
Cancer and Precancerous 
Lesions

Oral squamous cell carcinoma (OSCC) has an 
incidence of more than 500,000 cases per year 
worldwide.

The most important prognostic factor in influ-
encing the disease-specific survival rate is the 
tumor stage at diagnosis.
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The 5-year relative survival rate is 64.3%. 
However, survival rates for OSCC are highly 
stage-dependent, with 83.7% of people alive 
5 years after diagnosis when a localized cancer 
is diagnosed and 64.2% and 38.5% of people 
alive 5 years after diagnosis when regional and 
distant metastases are diagnosed, respectively. 
Approximately 70% of all new cases are diag-
nosed at a late stage, underscoring the impor-
tance of early detection and prevention [7].

The diagnostic pathway for oral suspicious 
lesions usually starts with the conventional 
objective examination (COE) based on inspec-
tion and palpation of the oral mucosa with the 
support of an incandescent light available on 
the dental chair. It is well known that COE 
mainly depends on a subjective interpretation, 
which is a consequence of the experience of 
the operator.

Oral epithelial dysplasia (OED) is often 
observed in the tissue surrounding oral squamous 
cell carcinoma (OSCC), and it is reportedly asso-
ciated with a malignant transformation rate of 
2.2–38.1% [8].

Moreover, epithelial dysplasia and early oral 
cancer can be located within the context of oral 
potentially malignant disorders such as leuko-
plakia, erythroplakia, submucous fibrosis, and 
oral lichen planus as well in areas of apparently 
healthy mucosa.

The gold standard for the diagnosis of oral 
dysplastic and neoplastic malignant lesions is 
the histological examination. Incisional or exci-
sional biopsy techniques are the most reliable 
methods to collect a surgical specimen suitable 
for microscopic evaluation. However, despite 
the little invasivity of such techniques, they still 
have some disadvantages in terms of morbidity 
and possible artifacts induced by the method of 
collection.

Direct visual fluorescence examination 
(DVFE) is based on the action of irradiation of 
specific wavelengths, between 375 and 440 nm, 
which excites some natural fluorochromes which 
show fluorescence in the range of the green 
color. The analysis of the lesions with AF tools 
must be performed in a dark environment to 

avoid the interference of white light wavelengths 
and to improve the quality of recorded images 
(Fig.  12.1). Healthy oral mucosa emits fluores-
cence, detectable as green light (Figs. 12.2, 12.3, 
12.4, and 12.5). Cell and tissues within dysplastic 
and malignant lesions display modifications of 
the amount and distribution and chemical–physi-
cal properties of the endogenous fluorophores.

This results in an autofluorescence pattern 
variation that can be potentially used at diagnos-
tic level. Loss of autofluorescence (LAF) seems 
to increase in correspondence to the progres-
sion of dysplasia, and altered tissue appears dark 
(brown to black) (Figs. 12.6 and 12.7). LAF in 
dysplasia and carcinoma seems to be connected 
to different mechanisms, such as altered meta-
bolic activity of dysplastic keratinocytes, altered 
structure of subepithelial collagen, and absor-
bance of light by increased blood circulation due 
to inflammatory phenomena in dysplastic tissue 
and cancer [2].

According to some clinical experiences 
reported in the literature, red lesions are related 
to hypofluorescence, whereas white lesions are 
mostly related to hyperfluorescence, most prob-
ably because of keratin increase. There is a sig-
nificant association of OED and carcinoma and 
autofluorescence alteration considering both 
hypo- and hyperfluorescence.

OED and carcinoma are particularly associated 
with hypofluorescence, excluding verrucous car-

Fig. 12.1 The analysis of the lesions with AF tools must 
be performed in a dark environment to avoid the interfer-
ence of white light wavelengths
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cinomas, which appear hyperfluorescent because 
of intense keratinization.

AF analysis could be a valid adjunctive tech-
nique if associated with the clinician experience 

and knowledge. It may be used to spot lesions 
at risk, to identify suitable sites for incisional 
biopsies, and to define excision margins of the 
lesions.

Figs. 12.2 and 12.3 Dorsum of the tongue under visible light and in AF: healthy oral mucosa, under 410–460-nm 
excitation, emits fluorescence detectable as a green light

Figs. 12.4 and 12.5 Soft palate under visible light and in AF: healthy oral mucosa, under 410–460-nm excitation, 
emits fluorescence detectable as a green light

12 Laser Applications and Autofluorescence
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12.4  Clinical Applications 
of Autofluorescence in Oral 
Surgery

AF can be used for guiding incisional biopsy and 
in the excision to identify the resection margins.

12.4.1  Autofluorescence-Guided 
Biopsy

For patients seeking care for suspicious lesions, 
immediate performance of a biopsy or referral to 
a specialist is an important recommendation in 
clinical practice.

Potentially malignant oral disorders are a 
group of clinically suspicious conditions, a 
small percentage of which will undergo malig-
nant transformation. Dysplasia is the most 
well- established marker to distinguish high-risk 
lesions from low-risk lesions, and perform-
ing a biopsy to establish dysplasia is the diag-
nostic gold standard. Dysplasia is defined as 
the presence of specific epithelial architectural 
and cytologic changes, and it can be graded as 
mild, moderate, or severe based on the depth and 
severity of the cellular changes. It is frequently 
assumed that oral carcinogenesis involves oral 
premalignant disorders that undergo a gradual 

progression evolving through stages of mild 
dysplasia, moderate dysplasia, severe dysplasia, 
carcinoma in situ, and finally carcinoma after cel-
lular invasion through the basement membrane 
[9]. However, oral premalignant disorders with 
dysplasia are considered non-obligate precur-
sors of OSCC, indicating that not all dysplastic 
lesions will progress to invasive cancer [10].

COE is generally effective for lesion identi-
fication, but not always for the biopsy planning. 
Once the decision has been made to perform 
a biopsy lesion, clinicians must select a biop-
tic site, which should represent the area of the 
lesion most likely to contain dysplasia or carci-
noma [11].

AF can be useful for simple incisional biopsies 
for homogeneous lesions or multiple biopsies for 
multifocal, large, or nonhomogeneous lesions. In 
particular, for the last type of lesions, it is diffi-
cult to indicate representative biopsy area.

In a surface with a diffuse and homogeneous 
green light aspect, some area of hypofluorescence 
(or in certain cases of hyperfluorescence) can be 
suspected, and the biopsy can be performed at 
these sites [12] (Figs.  12.8, 12.9, 12.10, 12.11, 
12.12, and 12.13).

According to the literature, tissue AF imag-
ing revealed a heterogeneous pattern of loss and 
increase of fluorescence in patients with actinic 

Figs. 12.6 and 12.7 Border of the tongue under visible light and in AF: oral squamous cell carcinoma exhibits a dark 
area of loss of autofluorescence (LAF)
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cheilitis (AC). Epithelial dysplasia was found in 
93% of the cases, and most of the areas graded 
as moderate or severe were chosen for incisional 
biopsy with the aid of AF.

The advantages of AF in incisional biopsies 
include high sensitivity for dysplasia and cancer, 
capability to assess large areas of the oral mucosa 
at the point of care, nonrequirement of consum-
ables, and noninvasiveness (Figs.  12.14, 12.15, 
12.16, 12.17, and 12.18).

Unfortunately, the application of AF can be 
limited by false-positive results: inflammatory 

benign lesions, infectious stomatitis, and vascu-
lar diseases often exhibit a loss of fluorescence 
(Figs. 12.19 and 12.20). Keratin is autofluores-
cent, and hyperkeratinized high-risk diseases 
such as proliferative verrucous leukoplakia may 
not show LOF even in the presence of dyspla-
sia or cancer (Figs. 12.21 and 12.22). AF may 
have clinical utility for risk assessment during 
longitudinal monitoring of patients with known 
high- risk potentially malignant oral disorders 
(such as proliferative verrucous leukoplakia, 
oral lichenoid lesions, and oral lichen planus) or 

Figs. 12.8 and 12.9 Border of the tongue under visible light and in AF: erythroplasic nonhomogeneous lesion with 
area of loss of autofluorescence (LAF)

Figs. 12.10 and 12.11 Two biopsies performed in the hypofluorescent areas
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previous history of cancer of the upper aerodi-
gestive tract [13].

12.4.2  Autofluorescence-Guided 
Excision

Excisional biopsy can be performed for smaller 
lesions and could prevent sampling bias, but the 
risk of incomplete excision of malignant lesions 

exists, and the procedure may be not indicated in 
case of benign lesions.

Because the statistically significant reported 
risk factors for malignant transformation of 
leukoplakia include the presence of epithelial 
 dysplasia, we support the opinion that surgi-
cal resection with adequately radical mar-
gins including the area of epithelial dysplasia 
would be effective in preventing malignant 
transformation.

Figs. 12.12 and 
12.13 Histopathological 
results: invasive 
(Fig. 12.12) and 
microinvasive (Fig. 12.13) 
oral squamous cell 
carcinoma (OSCC)

P. Vescovi et al.
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Residual epithelial dysplasia after surgical 
treatment of oral cancer is an important risk fac-
tor for poor prognosis, and precise detection of 
affected areas with epithelial dysplasia prior to 
surgical resection of malignant lesions is impor-
tant to prevent local recurrence [14].

AF can be used to delineate margins during 
surgical resection of OSCC to reduce recur-

rence rates. LOF frequently extends beyond the 
visible borders of a lesion, and such extension 
often shows dysplasia and loss of heterozygosity 
(Figs. 12.23, 12.24, 12.25, and 12.26).

Recent experiences reported in the literature 
indicate that the molecular profile of oral poten-
tially malignant disorders changes with diver-
gence away from the center of the lesion and that 

Figs. 12.14 and 12.15 Gingiva under visible light and in AF: hyperfluorescent surface surrounded by hypofluo-
rescent area

Fig. 12.16 Biopsy performed in two different areas
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Fig. 12.17 Hyperfluorescent tissue revealed verrucous 
carcinoma

Fig. 12.18 Hypofluorescent area showed mild dysplasia

Figs. 12.19 and 12.20 False positive: vascular benign lesion of the lip shows area of a loss of autofluorescence (LAF) 
for the presence of blood and hemoglobin

Figs. 12.21 and 12.22 False negative: squamous cell carcinoma of the lip shows intense hyperfluorescence for the 
presence of intense keratinization

P. Vescovi et al.
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autofluorescence determined margins are supe-
rior to the white light margin in achieving a clear 
molecular margin when excising an OPMD [15].

Some leukoplakias show clinically invisible 
extensions during histopathological examination 
and AF. Most of leukoplakias are not surrounded 
by green light but by dark areas, indicating LOF 
with a mean size of 66%, exceeding the clini-
cally visible margins of the disease. This tech-

nique enables clinicians to measure the extent of 
lesions beyond their visible margins [16].

Surgical operations for advanced stages of oral 
cancer are invasive with poor prognosis. On the 
contrary, a minimal and faster intervention under 
local anesthesia is useful both for compliance of 
the patients and for the success of the treatment. 
Early detection of suspicious lesions through AF 
and less invasive surgery performed with dif-
ferent lasers (Er:YAG, CO2, diode, Nd:YAG) 
guided by AF for healthy margin detection may 
determine a complete mucosal healing contain-
ing the risk of spread of the disease and reduce 
the risk of cancerization [17–20].

Figs. 12.23 and 12.24 Dishomogeneous oral lichenoid lesion of the cheek under visible light and in AF: intense dark 
area (loss of autofluorescence, LAF) much wider than the visible lesion in conventional objective examination (COE)

Fig. 12.25 Surgical excision extended to margins of 
hypofluorescent area

Fig. 12.26 Histopathological examination revealed micro-
invasive oral squamous cell carcinoma (OSCC)
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12.5  Conclusions

The usefulness of autofluorescence for oral tis-
sue examination, especially within an oral medi-
cine secondary care facility, before performing 
a biopsy and in monitoring oral lesions is con-
firmed by several studies [21]. In patients with 
clinically evident, potentially malignant, or 
seemingly malignant lesions, clinicians should 
perform a biopsy of the lesion. Autofluorescence 
represents an important support to conventional 
objective examination and palpation. For general 
dental practitioners, devices using AF are poten-
tially useful for screening purposes. Furthermore, 
referral to a specialist for a biopsy (clinicians 
with training in oral and maxillofacial surgery, 
oral and maxillofacial pathology, oral medicine, 
and otolaryngology–head and neck surgery) is 
indicated when clinicians are not trained ade-
quately to perform a biopsy of precancerous or 
cancerous lesions.
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