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Background and Objectives: To test whether auto-
fluorescence spectroscopy can be used for the diagnosis of
oral neoplasia in a high-risk population, we characterized
the in vivo autofluorescence spectra from oral submucous
fibrosis (OSF) lesions and oral premalignant and malignant
lesions in both OSF and non-OSF patients.
Study Design/Materials and Methods: Autofluore-
scence emission spectra were measured under the excitation
wavelength of 330 nm, using a Xenon lamp-based fluoro-
spectrometer coupled to a handheld optical fiber probe.
Autofluorescence spectroscopies were analyzed among
patients with OSF lesions, and oral lesions of epithelial
hyperkeratosis (EH), epithelial dysplasia (ED), and squa-
mous cell carcinomas (SCC) and normal oral mucosa
(NOM) of healthy volunteers.
Results: We found that the most intensely autofluore-
scence emission peaks occurred at 380 nm and 460 nm. For
comparing the spectral patterns among different groups of
oral lesions and NOM, ratios of the area under the spectrum
of 460� 10 nm to that under the spectrum of 380� 10 nm
(denoted as A460� 10 nm/A380� 10 nm) were calculated. The
mean ratio values increased gradually from OSF to NOM,
to EH and ED, and to SCC. The ANOVA test showed signi-
ficant differences in the ratio value among all categories of
samples (P< 0.01). On the other hand, we found that EH,
ED, and SCC lesions on OSF patients had distorted auto-
fluorescence intensity. The mean ratio values of EH, ED,
and SCC between non-OSF and OSF patients show signi-
ficant differences. Furthermore, an ANOVA test showed
NOM is not distinguishable from EH and ED lesions on oral
fibrotic mucosa (P> 0.05).
Conclusions: Autofluorescence spectroscopy can be used
to diagnose EH, ED, and SCC lesions in non-OSF patients
but not in OSF patients. Lasers Surg. Med. 33:40–47, 2003.
� 2003 Wiley-Liss, Inc.
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INTRODUCTION

In Taiwan, oral cancer is among the ten most common
malignancies. Its prevalence is increasing every year due to
the popular areca quid (AQ) chewing habit [1]. Presently,
there are more than 2.3 million people who have this AQ
chewing habit. This AQ chewing habit causes many clinical
cases of oral submucous fibrosis (OSF), oral leukoplakia,
and oral squamous cell carcinoma (SCC). In fact, over the
past decade, the numbers of death from oral cancers has
been doubled. According to the cancer registry annual
report published by the Department of Health, Taiwan, oral
cancers showed the highest annual rate of increase among
male patients in 2001. Presently, there are more than
2.3 million people who have this AQ chewing habit and
approximately 80% of all oral cancer deaths are associated
with this habit [2,3]. This AQ chewing habit causes oral
submucous fibrosis (OSF), oral leukoplakia, and oral
squamous cell carcinoma (SCC). Oral cancer has one of
the lowest 5-year survival rates among the major cancers.
For advanced cases, the 5-year oral cancer survival rate
is 18%, compared with 76% for localized lesions [4]. In this
regard, early diagnosis can provide more effective treat-
ment of this lethal disease. The most common symptoms
and signs of early oral neoplastic lesions are painless
tumors, long-standing ulcers, or thickening of the oral
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mucosa. Early oral neoplastic lesions are difficult to
differentiate from innocuous tissues; therefore, the early
stages of neoplasia are often neglected. Presently, inci-
sional biopsy remains the most reliable diagnostic method
for the detection of oral neoplasia. However, even an ex-
perienced clinician cannot easily choose a representative
and proper site on a large oral premalignant or malignant
lesion for biopsy. Therefore, development of a simple, non-
invasive diagnostic tool that can detect oral neoplasia in
the early stage would be important for these high-risk
AQ-chewing patients.

Autofluorescence spectroscopy has shown promising
results in differentiating normal from neoplastic tissues.
The principle of autofluorescence spectroscopy is based on
the fact that different diseased tissues contain different
morphohistological characteristics and intrinsic fluoro-
phores that give rise to different fluorescence emission
spectra when the tissues are excited at a suitable wave-
length [5]. This technique has been used to detect neoplastic
tissues in a variety of organ systems, such as the cervix of
uterus, colorectum, lungs, and head and neck [6–10]. These
studies suggest the possibility of using autofluorescence
spectroscopy in cancer diagnosis.

For effective management of oral neoplasia, we have
previously shown that autofluorescence spectroscopy can
be used to differentiate oral neoplastic tissue from normal
tissue in patients with AQ-chewing habit in ex vivo studies
[11,12]. Under 330-nm excitation wavelength, significant
differences in fluorescence intensity between human oral
malignant and normal tissues were observed around the
380-nm and 460-nm emission [11]. Using a DMBA-induced
hamster buccal pouch carcinogenesis model, we further
demonstrated that the changes in fluorescence intensity
were correlated with the progressive development of
DMBA-induced buccal pouch cancer [12]. To examine
whether autofluorescence spectroscopy can be used for
the diagnosis of oral neoplasia in a high-risk population,
we further characterized the in vivo autofluorescence spec-
tra from OSF lesions and different groups of oral lesions of
epithelial hyperkeratosis (EH), epithelial dysplasia (ED),
and SCC in both OSF and non-OSF patients. As autofluor-
escence intensity of EH, ED, and SCC lesions was distorted
by fibrotic mucosa, we found that autofluorescence spectro-
scopy is only suitable for diagnosis of EH, ED, and SCC
lesions in non-OSF patients but not in OSF patients.

MATERIALS AND METHODS

Study Group

Fifteen healthy volunteers and 149 patients with clini-
cally suspected OSF, EH, ED, and SCC oral mucosal lesions
were recruited from the Department of Oral and Max-
illofacial Surgery, National Taiwan University Hospital.
This study was reviewed and approved by the Human
Investigation Review Committee at the National Taiwan
University Hospital. All the patients had AQ chewing
habits and the examined tissues of this study were at the
location of oral buccal mucosa. After in vivo spectroscopic
measurements, biopsy specimens (except for healthy

volunteers) were taken from the oral lesions for which
fluorescence spectra were measured. The taken specimens
were fixed in 10% neutral formalin, embedded, sectioned,
and stained with hematoxylin and eosin. An oral patholo-
gist who was blinded to the fluorescence spectral results
performed all histopathological assessments in another
laboratory.

Fluorescence Instrument and In Vivo
Autofluorescence Measurement

Fluorescence excitation–emission spectra were mea-
sured from each sample using a handheld optical fiber
probe attached to a spectrofluorometer (SkinSkan, JC,
Urbana, IL). A monochromator with a 150 W ozone-free
Xenon lamp provides the excitation light. The desired
excitation wavelength and the emission spectrum were
selected by motor-controlled monochromators. The excita-
tion light was guided to illuminate samples by one arm of a
Y-type quartz fiber bundle, and the emission fluorescence
was collected by another arm of the fiber bundle. The tip
of the fiber bundle was specially designed in a bent shape
to be convenient for measurements in the oral cavity.
After the oral cavity of patient was examined and cleaned,
the tip of the fiber bundle was gently placed on the selected
site of the buccal mucosa, and the measurement started.
The measurement took 30 seconds. The optical fiber probe
was disinfected with 2.4% glutaraldehyde solution before
each clinical use.

The excitation wavelength was chosen to be 330 nm,
because it has been shown that the band around this
wavelength (320–340 nm) can distinguish normal from
abnormal human tissues with the best efficiency [11–14].
The emission spectrum of autofluorescence was mea-
sured at wavelengths ranging from 340 to 601 nm in 3-nm
increments. To avoid the possible effects of photobleaching,
we processed two measurements from each sample. It was
found that differences between the two spectra obtained
from the two measurements were less than 2%, which
showed that no photobleaching occurred. To avoid intensity
alterations due to variations in excitation light power and
fluorescence collection efficiency, all obtained spectra were
normalized by dividing the intensity of each wavelength by
the integrated area under the total emission spectrum.

RESULTS

Comparison Among NOM, OSF Lesions, and
EH, ED, and SCC Lesions in Non-OSF Patients

Figure 1A shows the average normalized fluorescence
spectra obtained from NOM, OSF lesions, and oral lesions
of EH, ED, and SCC in non-OSF patients at 330-nm
excitation. The most intense peaks of the autofluorescence
spectra occurred around the 380- and 460-nm emissions in
all samples measured. It was important to note that while
the emission peaks of each individual might have varied,
they still occurred within �10 nm of 380 and 460 nm. The
OSF samples had the highest intensity of the 380-nm
emission peak, followed by NOM, EH or ED, and SCC
samples in a descending order. In contrast, SCC samples
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had the strongest intensity of 460 nm emission peak,
followed by the EH or ED, NOM, and OSF samples in a
descending order. To rule out the possible individual-to-
individual variation in intensity and to quantify the

alterations in the spectral profile, a simple algorithm based
on the ratio of the area under the spectrum of 460� 10 nm to
that under the spectrum of 380� 10 nm (A460� 10 nm/
A380� 10 nm) was performed. Although innocuous normal
tissues from the same patients were used for comparison
in other studies [9,10], we found considerable overlap in
the ratios of A460� 10 nm/A380� 10 nm between clinically
suspicious lesions and their corresponding contralateral
normal mucosal tissues in individual AQ-chewing patients
(data not shown). In this regard, normal mucosal tissues
from healthy volunteers but not from same individuals
were compared in this study. The ratios of A460� 10 nm/
A380� 10 nm for NOM ranged from 0.61 to 0.87 while that for
OSF lesions ranged from 0.46 to 0.64. The ratio scores for
the 25 EH lesions distributed from 0.66 to 1.23, which had a
marked overlap with the ratio range of 0.79 to 1.36 for the

Fig. 1. A: Normalized averaged fluorescence emission spectra

obtained from 15 volunteers of normal oral mucosa (NOM),

30 patients of oral submucous fibrosis (OSF), and 25 patients

of epithelial hyperkeratosis (EH), 15 patients of epithelial

dysplasia (ED), and 13 patients of squamous cell carcinoma

(SCC) in non-OSF patients. Fluorescence intensities are

reported in calibrated units. B: A histogram of the mean ratios

of A460� 10 nm/A380� 10 nm for NOM, OSF lesions, and oral EH,

ED, and SCC lesions in non-OSF patients. The error bars are

standard deviations. C: Multiple comparisons among five

categories of samples with different pathological character-

istics. Notation: O, oral submucous fibrosis (OSF); N, normal

oral mucosa (NOM); EH, epithelial hyperkeratosis; ED,

epithelial dysplasia; and S, squamous cell carcinoma (SCC).

Fig. 2. Scattering plot for NOM, OSF lesions, and oral EH, ED,

and SCC lesions in non-OSF patients with two classification

thresholds.
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15 ED lesions. However, the ratio of A460� 10 nm/A380� 10 nm

for the 13 SCC lesions ranging from 1.06 to 3.25 was
significantly higher than those for OSF, EH and ED lesions
and for NOM. As shown in Figure 1B, the histograms of
the mean ratios gradually increased from OSF to NOM, to
EH or ED, and to SCC samples. An ANOVA test showed
significant differences in values of the ratio among all
categories of samples (P< 0.01).

To further identify the relationship between groups,
a multiple comparisons method, which is a technique
for comparing more than 3 categories by drawing their
100(1�a)% confidence interval [15], was employed to show
the 99% confidence interval of mean differences between
any two groups. The principle of ‘‘multiple comparisons’’
is to evaluate the population means of any two groups
(denoted as mg and mh, g 6¼ h). The lower bound (L) and

Fig. 3. A: A specimen taken from buccal mucosa showing moderate epithelial dysplasia (area

indicated by thick arrows) and a marked lymphoplasma cell infiltrate in the lamina propria

(indicated by thin arrows). B: A specimen taken from buccal mucosa showing moderate

epithelial dysplasia as well as a moderate lymphoplasma cell infiltrate and marked fibrosis

(indicated by thin arrows) in the lamina propria.
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upper bound (U) for the 100(1�a)% confidence interval of
(mg � mh) is represented as:

L ¼ ðXg � XhÞ � ta
2
Sp

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

ng
þ 1

nk

s
;

U ¼ ðXg � XhÞ � ta
2
Sp

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

ng
þ 1

nh

s
;

where Xg and Xh are the sample means of categories g and
h, respectively; S2

p stands for the pooled sample variance;
ng and nh are the sample sizes. If the range (L, U) contains
the origin, the mean difference (mg�mh) may equal to zero
under (1�a) significant level. If L> 0 (or U< 0), the mean
difference (mg�mh) may be positive (or negative) under
(1�a) significant level. Figure 1C shows that only the
confidence interval of EH and ED contains the origin,
indicating that mOSF< mNOM< mEH¼ mED< mSCC, where m
represents the mean value. Therefore, it is possible to
develop a diagnostic algorithm for the NOM and OSF,
EH, ED, and SCC lesions by using the autofluorescence
spectroscopy in spite of the fact that the diagnostic algo-
rithm could not differentiate EH from ED.

To quantitatively evaluate the discriminated ability of
our algorithm, a receiver operating characteristic (ROC)
curve was used. The ROC curve is a graphic method, which
helps us speculate on the relationship between specificity
and sensitivity under various thresholds that distinguish
two populations. The false positive rate (1�specificity) and
the sensitivity are plotted on a two-dimension scatter plot
under various threshold values [16]. A diagnostic algorithm
with ROC curve located near the upper left corner of the
plot, at which both the specificity and sensitivity are high,
are normally considered as effective. The curve is thus
helpful for determining the threshold for some desired
specificity and sensitivity. We apply ROC curves with
threshold varying from 0 to 3 in 0.01 steps. Figure 2 shows
the scattering plot of OSF, NOM, EH, ED, and SCC
samples, with thresholds described below. In viewing the
separation of NOM and OSF, we found that the optimal
sensitivity and specificity are 100% and 93%, respectively,
when the threshold value was set to be 0.66. On the other
hand, by focusing on the division between NOM and pre-
malignant (EH and ED) or malignant tissues (SCC), it was
observed that the optimal sensitivity and specificity are
81% and 87%, respectively, when the threshold value was
set to be 0.84.

Fluorescence Spectra Analysis of EH, ED,
and SCC Lesions in OSF Patients

In Taiwan, because of the AQ chewing habit, EH, ED,
and SCC lesions are frequently found in OSF patients.
Figure 3 shows the representative histologies of the
dysplasia lesions in non-OSF and OSF patients. As shown
in Figure 3B, compared to pure epithelial dysplasia, a
marked fibrosis in the lamina propria could be found below
the dysplastic epithelium. To assess the influence of tissue
fibrosis on the fluorescence emission of EH, ED, and SCC

Fig. 4. A: Normalized averaged autofluorescence spectra of

EH lesions on OSF (n¼ 32) and non-OSF (n¼ 25) patients;

B: normalized averaged autofluorescence spectra of ED lesions

on OSF (n¼ 12) and non-OSF (n¼ 15) patients; C: normalized

averaged autofluorescence spectra of SCC lesions on OSF

(n¼ 7) and non-OSF (n¼ 13) patients. Fluorescence intensities

are reported in calibrated units.
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lesions, we further examined the autofluorescence spectra
of EH, ED, and SCC lesions occurring in OSF patients.
As shown in Figure 4, we found that the intensity of
emission peak around 380 nm for EH, ED, or SCC lesions
in OSF patients was significantly higher than that for
corresponding lesions in non-OSF patients. However, the
intensity of emission peaks around 460 nm for EH, ED, or
SCC lesions in OSF patients was significantly lower than
that for corresponding lesions in non-OSF patients. As
shown in Table 1, a significant difference in the mean ratio
of A460� 10 nm/A380� 10 nm was found between oral EH, ED,

or SCC lesions in OSF patients and those correspond-
ing lesions in non-OSF patients (P< 0.05 by unpaired
Student’s t-test). These results suggest that underlying
tissue fibrosis, as shown in Figure 3B, might interfere with
the fluorescence emissions of premalignant or malignant
lesions on the fibrotic oral mucosa. Given that underlying
tissue fibrosis can distort the fluorescence intensity of
premalignant or malignant lesions, we further compared
the ratios of A460� 10 nm/A380� 10 nm among NOM and EH,
ED, or SCC lesions on OSF mucosa. Figure 5 shows the
average normalized fluorescence spectra obtained from

TABLE 1. MeanRatios of A460�10 nm/A380�10 nm for Epithelial Dysplasia (ED), Epithelial Hyperkeratosis (EH), and

Squamous Cell Carcinoma (SCC) Samples in Oral Submucous Fibrosis (OSF) Patients and Non-OSF Patients as

Well as Unpaired Student’s t-Test Results

Pathological characteristics Patient no.

Average intensity

ratio� standard deviation

Unpaired Student’s t-test between

lesions with or without OSF

HYP 25 0.97 � 0.17 P< 0.001

HYP with OSF 32 0.77 � 0.26

DYS 15 1.01 � 0.19 P< 0.001

DYS with OSF 12 0.68 � 0.22

SCC 13 1.54 � 0.75 P< 0.005

SCC with OSF 7 1.25 � 0.77

Fig. 5. Normalized averaged fluorescence emission spectra obtained from normal oral mucosa

of healthy volunteer (NOM, n¼ 15) and OSF patients with epithelial hyperkeratosis (EH,

n¼ 32), epithelial dysplasia (ED, n¼ 12), and squamous cell carcinoma (SCC, n¼ 7).

Fluorescence intensities are reported in calibrated units.
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NOM, and oral lesions of EH, ED, and SCC in OSF patients
at 330-nm excitation. As shown in Table 2, the ANOVA test
showed no significant differences in the mean ratio among
NOM and EH or ED lesions on fibrotic mucosa tissues
(P> 0.05). This result suggests that autofluorescence spec-
troscopy might not be effective for the diagnosis of EH, ED,
and SCC lesions in OSF patients.

DISCUSSION

It has been shown that autofluorescence spectroscopy is
associated with the structural matrix of tissues and cellular
metabolic processes [5]. In addition, spontaneous porphyrin-
like autofluorescence has also been noted on the surface of
tissues with bacterial inhabiting in the absence of exogen-
ously applied hematoporphyrin derivative [17]. As the
observed emissions of our studies occurred around the
380 nm and 460 nm, it is unlikely that the observed auto-
fluorescence relates to the microbial synthesis of porphyr-
ins at the examined tissues of patients. Previous studies
have demonstrated that the emission band at 380–400 nm
is mainly attributed to the presence of collagen, while that
at 440–460 nm is mainly due to the presence of NADH
[6,18,19]. Using NMBA-induced rat esophageal carcino-
genesis model, Glasgold et al. [18] showed that the fluoro-
phore responsible for the 390-nm emission peak exists in
the subepithelial connective tissue (collagen) and that
responsible for the 450-nm emission peak exists in the
epithelium (NADH). In these regards, the differences in
autofluorescence spectra of NOM, OSF, EH, ED, and SCC
samples might be attributed to the differences of collagen
and NADH content in these samples. OSF mucosa has
increased deposition of collagen in the subepithelial con-
nective tissue and the atrophic oral epithelium [20,21].
Therefore, it was easy to explain why OSF samples had a
higher 380-nm emission peak and a lower 460-nm emission
peak than NOM samples. Oral EH and ED lesions in this
study had a more thickened, acanthotic or dysplastic epi-
thelium than NOM samples. The thickened epithelium
might contain more NADH and reduce more collagen-
derived emission fluorescence than NOM. This further
explained why the EH or ED lesions had a lower 380-nm
emission peak and a higher 460-nm emission peak than
NOM samples. In our SCC samples, cancer cells prolifer-
ated outward and inward, resulting in a more thickened
cancer tissue, which might contain more NADH, reduce
more excitation light reaching the underlying collagen
layer, and filter out more collagen-derived emission fluore-
scence than EH and ED samples. Moreover, only little

stromal connective tissue (collagen) was found among oral
cancer nests. These resulted in a much lower 380-nm emis-
sion peak and a much higher 460-nm emission peak for oral
SCC lesions than those for EH and ED lesions.

When the oral EH, ED, and SCC lesions occurred in OSF
patients, as shown in Figure 3B, the underlying tissue
fibrosis resulted in a greater intensity of the 380-nm
emission peak than the corresponding lesions in non-OSF
patients (Fig. 3A). In addition, EH, ED, and SCC lesions on
OSF mucosa contained a more atrophic lesional epithelium
or cancer tissue due to the underlying tissue fibrosis. These
atrophic epithelial or cancer tissues might contain less
amount of NADH and thus had a lower 460-nm emission
peak than the corresponding lesions in non-OSF patients.
In Taiwan, oral premalignant and malignant lesions are
commonly found in OSF patients and AQ-chewing habit
prevails in patients with oral premalignant and malignant
lesions [22]. As AQ-chewing habit may cause obscure to
different degrees of fibrosis in the oral mucosa, autofluor-
escence spectra measured from premalignant, malignant
and their surrounding normal tissues in AQ-chewers or
OSF patients may be distorted due to the presence of
underlying tissue fibrosis. This might explain why there
was a considerable overlap in the ratios of A460� 10 nm/
A380� 10 nm between EH, ED, or SCC lesions and their
normal tissues from the contralateral site of lesions in
individual AQ-chewing patients. In addition, this also
explained why we could not differentiate EH from ED
lesions in AQ-chewing patients using autofluorescence
spectroscopy.

This study represented the first to assess the spectral
characteristics of fibrotic oral mucosa in OSF patients.
Because underlying tissue fibrosis significantly affected the
accuracy of autofluorescence diagnosis of oral premalig-
nant and malignant lesions in OSF patients, we conclude
that autofluorescence spectroscopy is a good technique for
diagnosis of EH, ED, and SCC lesions in non-OSF patients
but not in OSF patients.
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