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Abstract. Tobacco abuse and alcoholism cause cancer, emphysema, and heart disease, which contribute to
high death rates, globally. Society pays a significant cost for these habits whose first demonstration in many
cases is in the oral cavity. Oral cavity disorders are highly curable if a screening procedure is available to diag-
nose them in the earliest stages. The aim of the study is to identify the severity of tobacco abuse, in oral cavity, as
reflected by the emission from endogenous fluorophores and the chromophore hemoglobin. A group who had no
tobacco habits and another with a history of tobacco abuse were included in this study. To compare the results
with a pathological condition, a group of leukoplakia patients were also included. Emission from porphyrin and
the spectral filtering modulation effect of hemoglobin were collected from different sites. Multivariate analysis
strengthened the spectral features with a sensitivity of 60% to 100% and a specificity of 76% to 100% for
the discrimination. Total hemoglobin and porphyrin levels of habitués and leukoplakia groups were comparable,
indicating the alarming situation about the risk of tobacco abuse. Results prove that fluorescence spectroscopy
along with multivariate analysis is an effective noninvasive tool for the early diagnosis of pathological changes
due to tobacco abuse. © 2014 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JBO.19.5.057013]
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1 Introduction
Tobacco abuse is the leading cause of premature death world-
wide. As per World Health Organization reports, about 4.9 mil-
lion deaths were estimated due to tobacco-related illness in
2000, and by 2020 it is predicted to rise to 10 million deaths
per year. Harmful effects of tobacco can be attributed to a variety
of cancers, including those of the lung, oral cavity, nasal cavity,
larynx, oropharynx, hypopharynx, oesophagus, stomach, liver,
pancreas, bladder, ureter, kidney, and cervix. Tobacco carcino-
genicity is more than evident, and about 50% of oral cancer
cases are attributable to chewing and smoking of tobacco.1,2

Exposure of oral cavity tissues to the carcinogens such as
polynuclear aromatic hydrocarbons present in tobacco, during
smoking, and tobacco-specific nitrosamines during chewing
results in malignant changes. Tobacco abuse, either smoking
or chewing with alcoholism or areca nut chewing, further
increases the risk of oral cancer. Acetaldehyde production
due to ethanol oxidization and reactive oxygen species genera-
tion due to auto-oxidation of polyphenols in areca nut also
increase the chances of malignancy.1–4

In South and Southeast Asia, especially countries such as
India, Pakistan, and Sri Lanka where one-fifth of the world pop-
ulation exists, incidence of oral cancer is devastating. Abuse of
tobacco in the form of both chewing and smoking is termed as
the prime reason for higher incidence in these areas. Lack of
awareness and cultural traditions are the main causatives.
Moreover, people who are in the lower socio-economic back-
ground are the main prey of this disease. Unavailability of exten-
sive diagnosis facilities makes this disease more severe.5,6

Histopathology followed by scalpel or punch biopsy is the
gold standard for oral cancer screening.7 But this technique
based on the changes in tissue pathology most often fails to pro-
vide the exact diagnosis.8 Moreover, by the time the patient
reaches the clinic, the disease would have progressed to a
stage that can be visibly identified by the clinician. There is
no medical demand in diagnosing such a lesion that is easily
visible by the naked eye. In order to avoid this delay in diagnosis
and also for an effective early diagnosis, bedside optical diag-
nosis techniques are in more demand. Moreover, these tech-
niques are capable of detecting early-stage biochemical
alterations within the tissue in a minimally invasive or noninva-
sive way.9–18
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Fluorescence, infrared, Raman, and diffuse reflectance spec-
troscopy are the emerging in vivo optical diagnosis tools in
medical oncology.10–18 Among these, in vivo fluorescence spec-
troscopy is widely used for oral cancer diagnosis because of its
simplicity to use, less time consumed, and improved patient
comfort level.13–15 In this study, we present variation in auto-
fluorescence spectra from the oral mucosa of habitual tobacco
users with that of a group of volunteers without any habits in a
clinical setup. We have also considered a group of patients with
leukoplakia. This group is included to demonstrate the harmful
effects of tobacco in the oral mucosa among the habitual tobacco
users. Leukoplakia is a potentially malignant disease with poten-
tiality greater than 30%. This disease is six times more common
among habitual tobacco users than nonusers.19 In the Indian sub-
continent, incidence of oral leukoplakia is three times higher
than in the Western population. Smoking and chewing of
areca nut with tobacco cause this high incidence.20

To strengthen the spectral observations in assessing the varia-
tion caused by habits associated with tobacco, quantification of
hemoglobin concentration and porphyrin levels was performed.
Feasibility of using a single system to analyze the changes in
fluorophores and chromophores within the tissue was done

using the spectral filtering modulation (SFM) effect on the fluo-
rescence spectra due to hemoglobin absorption.18,21 Principal
component analysis followed by linear discriminant analysis
(PCA-LDA) is used for the exact differentiation of spectra
among the groups and to obtain the performance level of the
clinical trial.

2 Materials and Methods

2.1 Study Population and Protocols

The study subjects included 30 volunteers without any habits
(nonhabitués), 30 volunteers with habits (habitués), and 18 clin-
ically diagnosed leukoplakia patients. The patient selection was
done by an experienced oral oncologist based on the clinical
manifestation of leukoplakia in this group. The other two groups
had no history of oral cavity diseases and none of them was
taking any medications. The subjects who had any tobacco-
based habits were excluded from the nonhabitués group. The
procedure was explained and informed consent was obtained
from all patients and volunteers who participated in this
study. Age, sex, and details of oral habits of habitués and leuko-
plakia patients were recorded.

Table 1 Clinical report of leukoplakia patients involved in this study.

Sl no Sex/age

Tobacco chewing Smoking Alcoholism

Biopsy
report

Duration in
months

Frequency
per day

Duration in
months

Frequency
per day

Duration in
months

Frequency
per week

1 F/48 372 8 N N N N MD

2 M/39 264 10 288 20 228 O EH

3 M/66 600 4 540 4 N N EH

4 M/42 264 8 N N 264 O EH

5 M/63 564 5 564 10 480 O MD

6 M/45 300 6 N N 240 7 EH

7 M/53 288 5 396 20 348 O EH

8 F/39 276 12 N N N N MD

9 M/32 216 10 N N 192 O MD

10 M/44 324 6 288 4 312 4 EH

11 F/59 444 8 N N N N EH

12 M/61 528 6 540 O N N MD

13 M/62 552 4 N N 456 5 EH

14 F/41 300 12 N N N N EH

15 M/48 384 3 396 24 300 O EH

16 F/45 336 8 N N N N EH

17 F/70 576 4 576 O 456 O EH

18 M/42 360 10 264 O 264 O MD

Note: N, nil; O, occasionally; MD, mild dysplasia; EH, epithelial hyperplasia.
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The details of leukoplakia patients such as age, gender, dura-
tion, and frequency of tobacco chewing, smoking and alcohol-
ism, and pathological grading are given in Table 1. Age of
nonhabitués ranged from 20 to 52 years (16 men and 14
women) and that of habitués ranged from 23 to 67 years (18
men and 12 women). Habitués and leukoplakia patients
involved in this study had prolonged tobacco chewing habits
with smoking or alcoholism or both together. They were
using either betel quid with tobacco or khaini (powdered
form of tobacco) available in packets for chewing. Healthy vol-
unteers involved in this study were free from such habits and
maintained good oral health and hygiene. Before spectral
acquisition, all volunteers and patients were asked to clean
their mouth using 1.5% saline solution for 2 to 3 min in
order to reduce the effects of recently consumed food.

In the case of nonhabitués and habitués, spectral measure-
ments were obtained from different anatomical sites of the
oral cavity such as right and left buccal mucosa, palate, and
floor of the mouth. Spectra from a total of 22 sites with suspi-
cious lesions were acquired from 18 leukoplakia patients. An
experienced clinical oral oncologist identified suspicious lesions
in each leukoplakia patient for spectral studies. Since there are
reports highlighting the distortion of autofluorescence emission
of porphyrin due to bacterial colonization in the tongue, we have
excluded spectra of the tongue from this study.

2.2 Fluorescence Spectroscopic Study

The optical spectroscopic measurements were carried out using
the spectroflurometer (Fluorolog-III; Jobin Yvon Inc., Edison,
New Jersey). The instrument consists of a 450-W Xenon arc
lamp, a double excitation monochromator, a double emission
monochromator, and a photomultiplier tube. A bifuricated Y
type fiber-optic probe is coupled to the sample compartment
to enable in vivo measurements. This multimode fiber-optic
probe consists of illumination fibers and collection fibers. All
fibers have a numerical aperture of 0.22.

One arm of the Y type fiber-optic probe was connected to the
source. The desired excitation wavelength was selected and the
light transmitted to the tissue site through this arm. The received
fluorescence signal was directed back to the spectrometer
through the other arm. A transparent test tube (Borosil) was
used to cover the distal end of the Y type fiber-optic probe
in order to avoid contamination. To compensate for the changes
made by the test tube, a correction factor was uniformly applied
to all spectra. The test tube was cleaned and disinfected with 2%
glutaraldehyde solution after each spectral acquisition. The
experimental setup is illustrated in Fig. 1. The excitation wave-
length of 410 nm is selected using Datamax™ software
(Datamax, Round Rock, Texas). The emission spectrum was
recorded in the range of 455 to 750 nm in 1-nm increments.

Fig. 1 (a) Schematic representation of in vivo fluorescence measurement setup. (b) Spectrofluorometer
with the fiber-optic probe. (c) Fiber-optic probe bundle for in vivo analysis. (d) Spectral acquisition from
oral cavity using a fiber-optic probe.

Journal of Biomedical Optics 057013-3 May 2014 • Vol. 19(5)

Nazeer et al.: Noninvasive assessment of the risk of tobacco abuse in oral mucosa using fluorescence spectroscopy. . .



During spectral acquisition, care has been taken to maintain a
uniform pressure applied at the tip of the probe for all the cases.

2.3 Data Processing and Analysis

2.3.1 Processing of spectra

All spectra were baseline corrected and the data values extracted
using Datamax™. Spectra were normalized with respect to the
maximum intensity of the peak at 500� 10 nm. From the nor-
malized data, the peak intensity at the wavelengths of 500, 560,
570, and 635 nm was extracted.

2.3.2 Estimation of total hemoglobin concentration

The ratio of fluorescence intensity at 500 and 570 nm was used
to estimate the concentration of total hemoglobin as per the
method of Liu and Vo-Dinh.21 These specific emission inten-
sities were chosen because the extinction coefficients of oxygen-
ated and deoxygenated hemoglobin at these two wavelengths
are equal. Hence, it is theoretically and experimentally proved

that the ratio between fluorescence intensity at these two wave-
lengths will give the total hemoglobin concentration within the
tissue. Total hemoglobin concentration of brain tissues has been
reported earlier by the same method.18

2.3.3 Multivariate statistical analysis

PCA-LDA is a dimension reduction way of classification. In this
study, we have used PCA to reduce the high dimension of fluo-
rescence spectral data (455 to 750 nm with a set of 295 inten-
sities) which may cause computational complexity in the
optimization and implementation of LDA.16 PCA on the nor-
malized spectra of each category was performed using SPSS-
17 (SPSS Inc., Chicago, Illinois). The objective of dimension
reduction in PCA was to achieve more compact representation
of the original data that capture the information essential for
higher-level decision making. In PCA, dimension reduction is
performed by processing the number of competitiveness indica-
tors into a small number of independent indicators through
transforming the internal structure of correlation matrix into a
specified number in the original indicator variables.22

Fig. 2 Average fluorescence emission spectra from different anatomical sites of nonhabitués, habitués,
and suspected sites of leukoplakia patients: (a) floor of the mouth, (b) left buccal mucosa, (c) right buccal
mucosa, and (d) palate.
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In order to reduce the dimension of the spectral data, we have
used PCA to extract a set of orthogonal PCs comprising load-
ings and scores that account for the maximum variance in spec-
tral datasets.23 These loadings and scores of the PCA model
provide a reduced dataset which is a compact replica of the
spectroscopic data. These significant PC scores (p < 0.05)
were selected as input for the LDA model for oral cavity tissue
classification. LDA determines the discriminant function that
maximizes the variances in the dataset between groups while
minimizing the variances between members of the same
group. The performance of the diagnostic algorithms based
on LDA models to predict the tissue groups was estimated by
leave-one-tissue-site-out, cross-validation method. This method
of cross-validation produces a confusion matrix that compares
predicted versus actual group membership.16 Diagnostic sensi-
tivity and specificity of autofluroscence spectroscopy technique
for oral tissue differentiation were assessed using these classi-
fication results based on PCA-LDA models.

3 Results

3.1 Fluorescence Spectral Features

Averaged fluorescence spectra from different sites of
nonhabitués, habitués, and suspected sites of leukoplakia
patients are given in Fig. 2. The spectra show the major
peaks around 500, 560, 635, and 690 nm. One-way analysis
of variance (ANOVA) on peak intensity at 560 and 635 nm
obtained for different sites of nonhabitués, habitués, and sus-
pected sites of leukoplakia patients are given in Table 2.

When the spectra of nonhabitués to habitués to leukoplakia
are considered, a clear and gradual increase in intensity but
decrease in spectral resolution of 560-nm peak is observed.
The peak intensity varied significantly (p < 0.05) for

nonhabitué versus habitués and nonhabitués versus leukoplakia
for all the sites. But for habitués versus leukoplakia, there
is no significant difference in the peak intensity for any of
the sites.

The 635-nm peak is more prominent in habitués and leuko-
plakia than nonhabitués. Significant difference (p < 0.05) in
peak intensity is observed for left and right buccal mucosa
when nonhabitués versus habitués and nonhabitués versus
leukoplakia are considered. For habitués and leukoplakia, the
peak intensity is found to be nearly the same with no significant
change. The peak around 690 nm has nearly the same intensity
for all groups considered irrespective of the site.

3.2 Estimation of Total Hemoglobin Concentration

Total hemoglobin concentration observed for nonhabitués,
habitués, and leukoplakia patients are given in a box plot
(Fig. 3). Considerable decrease in the total hemoglobin concen-
tration is observed for habitués and leukoplakia patients from
that of nonhabitués. Total hemoglobin concentrations observed
for habitués and leukoplakia patients are found to be nearly
equal. One-way ANOVA on total hemoglobin concentration
obtained for different sites of nonhabitués, habitués, and
suspected sites of leukoplakia patients are given in Table 2.
A statistically significant difference (p < 0.05) in the total
hemoglobin concentration was observed between nonhabitués
and habitués and nonhabitués and leukoplakia irrespective of
the sites. But the difference between habitués and leukoplakia
was found to be insignificant.

3.3 Multivariate Analysis

To strengthen the accuracy of spectral measurement-based tissue
classification, multivariate analysis, PCA-LDA was employed.
PCA was first performed on spectra acquired from each site
of all groups for understanding the critical spectral features
of autofluorescence spectra as well as for looking at the
group behavior of the oral cavity tissue.

Figure 4 shows the PC score plot of autofluroscence spectral
analysis of the four different sites of oral cavity of nonhabitués,
habitués, and leukoplakia. The first three PCs are plotted along

Table 2 One-way analysis of variance values on peak intensities and
total hemoglobin concentration (p < 0.05 is given in bold letters).

Wavelength
(nm)/
calculated
parameter

Locations
in oral
cavity

Nonhabitué
versus
habitué

Nonhabitué
versus

leukoplakia

Habitué
versus

leukoplakia

560

Floor 0.000 0.000 0.187

Left 0.041 0.000 0.136

Right 0.000 0.000 0.223

Palate 0.001 0.000 0.439

635

Floor 0.123 0.117 0.616

Left 0.016 0.046 0.552

Right 0.000 0.034 0.549

Palate 0.716 0.121 0.108

Total
hemoglobin
concentration

Floor 0.002 0.000 0.192

Left 0.029 0.009 0.408

Right 0.002 0.000 0.577

Palate 0.003 0.022 0.470

Fig. 3 Total hemoglobin concentration within different anatomical
sites of nonhabitués, habitués, and suspected sites of leukoplakia
patients.
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x-, y-, and z-axes. Apart from that of palate, the PC scores of
other sites tend to cluster and at the same time remain fairly
separated from other classes. Among these, leukoplakia appears
to be the easiest to distinguish based on the distance from the
nonhabitués and habitués. This provides a new outlook to the
tissue–tissue intraclass variations. Even though PCA is a valu-
able tool for characterizing similarities between tissue types, due
to its unsupervised nature, it does not automatically provide
class memberships. To assign class membership to these site-
specific spectra, we have adopted the method of LDA.

A discriminant function scatter plot for the sites floor of the
mouth, left and right buccal mucosa, and palate is given in
Fig. 5. The first two discriminant functions are plotted along
x- and y-axes. Group averages are represented by centroids.
The distances between these centroids are found to be nearly
equal for all the sites. Classification based on the variation in
this Mahalanobis distance is a multivariate measure of separa-
tion between groups. The sample is classified into the group
from which it has shorter Mahalanobis distance. Figure 6
shows the pairwise discriminant score for all the sites considered
in this study. Discrimination line drawn at 0 gives a good sep-
aration. Positive and negative predictive values were obtained
using this position of pairwise discriminant score. These values
are used for binary calculations in order to obtain the perfor-
mance level of PCA-LDA, and the results are given in Table 3.

4 Discussion
The extent and nature of structural and biochemical changes
that take place during the transformation from normal to
precancerous state due to lifestyle oral habits are poorly
understood. These changes can lead to cancer in the oral cavity.
Although there are many reports on the use of fluorescence spec-
troscopy in differentiating normal from cancerous oral mucosa,
early tissue transformation stages due to tobacco-associated
habits has not been investigated in detail. In this study, we
have attempted the in vivo analysis of biochemical changes
caused by lifestyle oral habits, which can lead to oral cancer,
using fluorescence spectroscopic technique. In order to compare
the harmful effects of habits, a group of habitués who had poten-
tially malignant lesions of clinically confirmed leukoplakia
cases were also included in the study. Variation in the concen-
tration of endogenous fluorophores such as flavin adenine dinu-
cleotide (FAD), porphyrin, and chromophore hemoglobin was
specifically evaluated in achieving this goal.

To obtain better efficiency in classification, preprocessing
methods such as baseline correction and normalization with
respect to a specific autofluorescence peak were also
done.14,18 Normalized datasets can provide a comparative quan-
tification of a specific flurophores and better classification effi-
ciency. Therefore, we have used normalized spectra throughout
this study.

Fig. 4 PC score plot of the first three principal components for the spectral dataset acquired from different
anatomical sites of nonhabitués, habitués, and suspected sites of leukoplakia patients: (a) floor of the
mouth, (b) left buccal mucosa, (c) right buccal mucosa, and (d) palate.
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The excitation wavelength around 410 nm is ideal for observ-
ing the emissions from endogenous fluorophores FAD and por-
phyrin. FAD gives emission around 500 nm and porphyrin
around 630 and 690 nm.13,21,24 This excitation also gives
peak around 560 nm due to SFM effect of hemoglobin absorp-
tion on fluorescence spectra.18,21

A considerable increase in the intensity of porphyrin peak is
observed for habitués from that of nonhabitués except for the
palate site. An elevated level of porphyrin is also observed
for leukoplakia patients compared to that of nonhabitués. The
porphyrin level is found to be nearly equal for habitué and
leukoplakia, indicating the transformation of tissue from its nor-
mal pathology due to the effect of oral habits. Variation in por-
phyrin is an important marker in differentiating oral cavity
disorders. Using laser-induced fluorescence spectroscopy on
oral cavity cancer, Jayanthi et al. have reported that the level
of porphyrin increases with the increase in pathological grad-
ing.13 In this study, habitués who had no clinically observable
lesions also showed increased levels of porphyrin. This increase

in porphyrin level can be considered as an indication of the
transformation of tissue from normal to diseased conditions
in habitués.

Out of the different forms of porphyrin, only protoporphyrin
IX is synthesized naturally. protoporphyrin IX is a precursor of
heme in its synthesis pathway. It has been reported that excess
protoporphyrin IX occurs naturally in cancers and their metasta-
ses in organs such as oral cavity and colon.9,25 The exact mecha-
nism behind this is still unknown. Increases or decreases in
enzymes such as ferrochelates, ALA dehydratase, copropor-
phyrinogen oxidase, and uroporphyrinogen are termed as the
stimulators which cause excess synthesis of protoporphyrin in
diseased conditions.26 Moreover, porphyrin is reported to pos-
sess multiple antioxidant properties against benzo[a]pyrene and
tobacco-specific N-nitrosamines in cigarette smoke, which
induce inflammation and damage in the epithelial tissue.
Excess production of porphyrin in the sites that is chronically
exposed to tobacco-specific toxicants may be due to either
the overexpression of porphyrin in diseased conditions or the

Fig. 5 Linear discriminant analysis (LDA) score plots of the fluorescence dataset. (a) Floor of the mouth,
(b) left buccal mucosa, (c) right buccal mucosa, and (d) palate.
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autoimmune response by the body to resist harmful effects of
tobacco.27,28

Consumption of tobacco and alcohol together may also pro-
mote excess porphyrin synthesis in oral cavity tissues. Alcohol
is reported as a drug that affects porphyrin synthesis in various
ways.26 Excess consumption of alcohol tends to alter activity of

various types of enzymes that influence heme synthesis. Alcohol
is reported as a promoter of δ-aminolevulinic acid synthase and
porphobilinogen deaminase activity and inhibitor of δ-aminole-
vulinic acid dehydratase, uroporphyrinogen decarboxylase, and
ferrochelatase activity, which results in transient decreases in
intracellular heme that stimulates porphyrin synthesis.26

Fig. 6 Pairwise discriminant score plot based on discriminant function for the pairs nonhabitué versus
habitué, nonhabitué versus leukoplakia, and habitué versus leukoplakia for anatomical sites: (a) floor of
the mouth, (b) left buccal mucosa, (c) right buccal mucosa, and (d) palate.

Table 3 Overall diagnostic accuracies obtained for the discrimination of nonhabitués, habitués, and leukoplakia using PCA-LDA.

Locations
in oral cavity

Nonhabitué versus habitué Nonhabitué versus leukoplakia Habitué versus leukoplakia

Se (%) Sp (%) Se (%) Sp (%) Se (%) Sp (%)

Floor 64.29 80.65 100 100 95.24 96.43

Left 60 76.66 100 100 90.48 93.33

Right 70.97 83.33 100 100 80.95 93.55

Palate 69.70 79.41 100 100 96.77 96.97

Note: Sensitivity ðSeÞ ¼ true positive∕ðtrue positiveþ false negativeÞ. Specificity ðSpÞ ¼ true negative∕ðtrue negativeþ false positiveÞ.
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Inconsistency in the spectra from palate is observed for both
nonhabitués and habitués. Emission peaks of hemoglobin and
porphyrin are found to be distorted. This can be due to reasons
including the position of the fiber probe, which is explained
more in detail in our earlier report.14

Total hemoglobin concentration is an index of angiogene-
sis.29 Angiogenesis is the growth of new blood vessels from
pre-existing ones. It is a complex phenomenon that is required
for the continued growth and survival of solid tumors.30 Studies
based on diffuse reflectance spectroscopy have shown an
increase in total hemoglobin concentration in oral cancer com-
pared to normal.10 But to date, there are no reports on the evalu-
ation of hemoglobin concentration of oral cavity disorders using
fluorescence spectroscopy.

Using SFM effect on the fluorescence spectra due to hemo-
globin absorption, we have observed a significant decrease in
total hemoglobin concentration for nonhabitué versus habitué
and nonhabitué versus leukoplakia, irrespective of the site.
This finding suggests that due to increased smoking habits,
there is decrease in the blood circulation, which is reflected
by the reduction in total hemoglobin concentration in oral cavity
tissues. Another finding is that habitués and leukoplakia patients
show nearly equal concentration of hemoglobin in all the sites.
This may be due to the decrease in interleukin-1 (IL-1) enzyme
in the leukoplakic condition.31 IL-1 is the specific enzyme that
promotes tumor angiogenesis.32 Therefore, the decrease in this
enzyme may lead to destruction of blood vessels, which results
in a decrease in total hemoglobin concentration.

Results of this study imply that blood vessels within the oral
cavity get disrupted initially due to distortion of epithelium and
connective tissue as a result of various habits. This result in a
decrease in total hemoglobin concentration in habitués com-
pared to nonhabitués. Contents in smokeless tobacco, such as
tobacco-specific nitrosamines and N-acetyl-L-cysteine, results
in increased intracellular ROS levels that cause DNA fragmen-
tation and lipid peroxidation, and decrease in collagen contract-
ability and tissue damage.33–35 Using smokeless tobacco extracts
on human oral fibroblasts, Coppe et al. have shown that tobacco-
exposed fibroblasts disrupt epithelial cell–cell interactions and
stimulate epithelial migration and proliferation. Tobacco also
alters epithelial tissue integrity by reducing the expression
and membrane localization of critical cell junction proteins
E-cadherin and ZO-1.36 Continuous exposure of high-tempera-
ture smoke due to cigarette smoking can also be one of the rea-
sons for disruption of epithelium and connective tissue.37

A combination of tobacco associated habits along with alco-
holism and areca nut chewing further increases the chances of
disruption of epithelium and connective tissue. Alcoholism also
produces lipid peroxidation within the cells, which may also
result in oral cavity tissue disruption. This is due to the increase
in oxidative stress in cells due to ROS production by the oxi-
dation of ethanol to acetaldehyde.38,39 Rough surfaces of
areca nut and the variation in pH and temperature caused by
slaked lime through continuous pan or ghutka chewing further
increase damages to the oral epithelium.14,40

Sensitivity and specificity of discrimination using pairwise
correlation of PCA-LDA score were determined using the cutoff
values given in Fig. 6. In this clinical trial, we obtained a sen-
sitivity of 60% to 71%, 100%, and 80% to 96% and a corre-
sponding specificity of 76% to 83%, 100%, and 93% to 96%
respectively, for discriminating nonhabitués from habitués,
nonhabitués from leukoplakia, and habitués from leukoplakia

using PCA-LDA analysis. In our earlier study on differentiating
nonhabitués, areca nut chewing habitués and oral submucous
fibrosis patients using LDA, we have obtained overall sensitivity
of 69% to 100% and specificity of 76% to 100%.14

van Staveren et al. obtained a sensitivity of 64% to 100% and
specificity of 82% to 94% in distinguishing leukoplakic lesion
from normal oral mucosa using artificial neural network analysis
on autofluorescence spectral data.12 Venugopal et al. have
obtained a sensitivity of 96% and a specificity of 100%
using spectral intensity ratio analysis, and an overall sensitivity
and specificity of 100% using PCA-LDA for the discrimination
of leukoplakia and normal oral mucosa.41 Using LDA on differ-
ential path-length spectroscopy data, Amelink et al. showed that
nondysplastic and dysplastic leukoplakias can be discriminated
with a sensitivity and specificity of 91% and 80%.11 In this
study, we have obtained a similar or better classification effi-
ciency compared to that with the previously reported ones in
differentiating nonhabitués, habitués, and leukoplakia.
Moreover, we have considered the chromophore, hemoglobin,
along with the endogenous fluorophores within the tissue in
achieving this discrimination.

5 Conclusions
This study has proven that autofluorescence spectroscopy along
with LDA is an excellent tool for the earliest diagnosis of oral
cavity disorders in clinical settings. The highlight of the study is
the evaluation of total hemoglobin concentration of oral cavity
disorders using fluorescence spectroscopy, which has not been
reported so far. Elevated levels of porphyrin and reduced con-
centrations of total hemoglobin observed in habitués in compari-
son with nonhabitués can be considered as the sign of tissue
damage due to habits. These subjects, who had no clinically
identified lesions, have a high risk of development of severe
oral cavity disorders as evidenced by the hemoglobin concen-
tration and porphyrin levels equal to leukoplakia patients.
Considering these findings as an early-stage diagnosis, preven-
tive measures can be taken in the case of these habitués from
further development of oral cancer. The results of this study
also suggest that this method can be adopted as an early screen-
ing tool among habitués, especially in rural areas where such
habits are alarmingly high, to rule out the tissue transformation,
at very early stages. Data from a much bigger population with
different duration of habits would give more specific and step-
wise biochemical changes that occur in the oral cavity tissues
during tissue transformation.
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