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ABSTRACT:

The aim of the present study was to
investigate the fluorescence properties of
sound teeth and teeth with different
types of lesions. Using light-emitting
diodes operating in the near ultraviolet
(UVA) spectral regions for excitation, the
obtained fluorescence images and
spectra of carious teeth were different
from sound teeth spectra due to the
presence of bacteria Streptococcus
mutans producing metabolites called
porphyrins. The sound teeth showed the
blue fluorescence with broad emission
spectra from 410 nm to 650 nm (maxima
at 450 nm, 500 nm and 520 nm), while

the carious regions illuminated the red
light with three new peaks at 625 nm,
650 nm and 690 nm. The intensity of the
red fluorescent signal depends on the
density of the bacteria. Based on the red
fluorescence emitted by porphyrins, not
only the surface lesions but also the
caries hiding under the enamel layer can
be detected by UVA exciting. These
results provide the ability to apply

fluorescence technique in the
development of an early dental
diagnostic tool with a number of

advantages such as safety, mobility, low
cost and rapid test time.
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1. INTRODUCTION

Dental caries is one of the most popular
diseases of humans worldwide. In Vietnam,
according to statistics of Vietnam Odonto —
Stomatology Association, dental caries affects
75% of the population. The detection of carious
lesions has been primarily a visual process, based
principally on clinical-tactile inspection and
radiographic examination [1].

Visual-tactile examination has been widely
used in dental clinics for detecting carious lesions
on all surfaces. A major shortcoming of this
method is very limited for detecting noncavitated
lesions in dentin or posterior proximal and
occlusal surfaces [2]. Many studies have shown
that visual-tactile  examination should be

associated with other caries detection methods,
such as X-ray based methods, because some
carious lesions may go undetected during visual
examination [3, 4]. However, all X-ray based
methods can cause damage to cells in the body,
which in turn can increase the risk of
developing cancer.

Researchers are developing tools that are
sensitive and specific enough for the current
presentation of caries. One of the newly

developed diagnostic  procedures employs
fluorescence  diagnostics with  low-intensity
lasers and non-laser light sources. Two

fluorescence techniques are well-established:
quantitative light-induced fluorescence, which is
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used primarily in caries research, and laser-
induced fluorescence, a commercially available
method used in clinical dental practice [5, 6].

This investigation is a part of clinical trial for
introduction of dental caries diagnostic technique
based on fluorescence imaging. Many
investigators have observed that the healthy
teeth emits blue or green fluorescence when
irradiated with UVA [7, 8]. Having the lowest
photon energy of the three ultraviolet wavebands,
UVA has little effect on microbial pathogens and
virtually no effect on human tissue with short-
term exposures [9]. Some researchers [10, 11]
reported distinct high fluorescence emissions in
the red region relating to metallo-, copro-, and
protoporphyrins of bacteria in the carious cavity.
Based on difference in fluorescence colors the
carious lesions can be detected even at the early
stage. In this paper, using light-emitting diodes
operating in the near ultraviolet spectral regions,
fluorescence  imaging and  spectroscopy
techniques were incorporated into studying
fluorescence properties of healthy and carious
human dentine samples.

2. MATERIALS AND METHODS
2.1. Samples

The experiments were made on extracted
teeth (in vitro) randomly collected from dental
office of University Medical Center HCMC. All
samples, without dental restorations to ensure
the presence of questionable occlusal caries,
were classified according to the visual criteria of
the International  Caries  Detection &
Assessment  System  (ICDAS) [12]. Before
measuring the teeth were washed in running tap

water and dried for removal of stains.

2.2. The optical systems

For studying the fluorescence properties of
teeth the majority of investigators have used
lasers for exciting samples due to its advantage of
high efficiency [6-8]. However, the purpose of
this research is the application of fluorescence in
designing a portable, compact and inexpensive
dental diagnostic tool, for that the lasers are not
suitable. In the previous study [13] we had tested
the power LEDs emitting 380-nm peak in exciting
teeth samples. The results showed that the high
fluorescence intensity of all obtained images is
available for the wunaided eye observation.
Therefore, the 380-nm LEDs was chosen in this
study.

The fluorescence imaging was obtained by
using the optical system shown schematically in
Figure 1(a): sample (1), 10x-magnification
system (2), DSLR camera (3), UV filter (4), LED
(5), power source (6). The light source was a 380-
nm LED driven by a stabilized power source
Agilent/HP 6632B 20 Volt 5 Amp Power Supply.
One UV bandpass filter (UG-1, Edmund Optics)
passes only UV light and eliminates unwanted
visible light from the LED. A 10x-magnification
multiple lens system was used for magnifying
fluorescence images taken by a Canon DSLR
camera 550D.

Model of fluorescence  spectroscopy
instrumentation is presented in Figure 1(b):
sample (1), lens (2,3), monochromator (4),
computer (5), UV filter (6), LED (7), power
source (8). The MS257 ¥wm monochromator
(Newport corp.) is connected to the computer via
specialized software. The lens system focuses
fluorescent light from the measured matters to the
monochromator.
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3. RESULTS AND DISCUSSION
3.1. Fluorescence imaging

Figure 2 shows a sound teeth specimen
(sample 1). Under UVA excitation, as can be seen
in Figure 2B, this sample emitted the blue-green
color on a white background. As known that the
healthy teeth emits blue or green fluorescence
when irradiated with near ultraviolet or violet-
blue light, respectively. In this work the 380-nm
LED emitting band from 370 nm to 390 nm was
used that was capable of stimulating a broad
emission band in the visible region with
maximum located at blue — green wavelengths.
This supposition will be tested by measuring the
fluorescence spectra of this sample in the next
subchapter.

Besides blue-green fluorescence observed in
sound teeth, the red color appeared in the samples
with different types of lesions. Sample 2 with
dental calculus (dental plaque ) is presented in

(b)

Figure 1. Schematic diagrams of the experimental setup used for fluorescence photography (a) and fluorescence
spectroscopy (b).

Figure 3, where the calculus illuminated the
strong red fluorescence. For more detailed
observation the calculus region was circled and
magnified 10 times (Figure 3C-D). There are
about 1,000 out of the 25,000 species of bacteria
that are involved with the formation of dental
plaque, but microorganisms that form the plaque
are mainly Streptococcus mutans and anaerobes,
with the composition varying by location in the
mouth [14]. It has long been recognized that the
bacteria Streptococcus mutans produces special
metabolites called porphyrins. Porphyrins are the
native fluorophores that strongly emits red light
[11, 15]. The denser the bacterial colonization,
the more intense the red fluorescent signal will
be.

The red fluorescence was also found in more
advanced lesions (dentinal lesions) as can be seen
in Figure 4 (sample 3). The mouth contains a
wide variety of oral bacteria, but only a few
specific species of bacteria are believed to cause
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dental caries: Streptococcus mutans and
Lactobacillus species among them. As mentioned
above, the bacteria Streptococcus mutans
produces  porphyrins,  which  have red
fluorescence. There was a significant difference
in the fluorescence intensity and color of sample

3 from sample 2, such as the strong red of sample

2 and the pink of sample 3. The causes of this
show may be due to the presence of another
fluorophore in sample 3 or just due to the
different density of bacteria. Measuring

fluorescence spectra of these samples will give
the information about this.

Figure 2. Sample 1: white light (A), fluorescence (B).

Figure 3. Sample 2: white light and fluorescence (A, B), magnified white light and fluorescence (C, D).
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Figure 4. Sample 3: white light and fluorescence (A, B), magnified white light and fluorescence (C, D).

However, the caries expression is not always
cavitated as in the case of sample 3. For example,
Figure 5A presents sample 4 scored as
International Caries Detection & Assessment
System Code 0 (sound tooth). No mark of caries
of this sample was found in lit room with normal
white light illumination. However under UVA
stimulation a small red spot, with careful

attention, was caught (Figure 5D). Doubting
about the presence of a caries hiding under the
enamel layer at an early stage, this area was
ground from the surface to the dentin layer until
the cavity was appeared (Figure 5B). The result
showed not an initial caries but a distinct cavity
in the dentin layer.

Figure 5. Sample 4: white light before and after grinding (A, B), magnified white light and fluorescence before
grinding (C, D).
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Figure 6. Sample 5: white light and fluorescence (A, B), magnified white light and fluorescence (C, D).

The question is “Where is this caries cavity
from?”. Note that the enamel layer (thickness 1-3
mm) is a filtering membrane allowing the transit
of substances from the exterior to the interior, and
vice versa. This is because the enamel contains
areas with increased water and organic
material contents. These zones allow the flow of
acids from bacterial plaque, giving rise to
disintegration of the organic material and
posteriorly conditioning demineralization of the
inorganic component — thus supporting the
proteolysis — chelation theory of dental caries.
These enamel areas with disintegration of the
organic material, and the large structural defects
such as cracks, which are rich in organic material,
can facilitate the penetration of bacteria into deep
areas of the enamel, without the existence of
superficial cavitation [16].

The next question is “How can the excited
light penetrate into the dentin layer at the depth of
about 1-2 mm, and on the other hand, the
emission light escape from the tooth surface?”.
For materials with high absorption coefficient Ha
(Ma > 100 mm™), the light is absorbed within the
first few micrometers of the surface of the tissue.
Fortunately, in the visible region, dentin and
enamel weakly absorb light (Us < 1 mm™), and
light scattering plays an important role in
determining the deposited energy distribution in
the tissue [17]. In the study of Chen Q.G. et al.
[18], the dependence of excited light (405 nm)

and autofluorescence (500 nm)  density
distribution inside the teeth model on the
scattering coefficient pys of enamel (us = 5-25
mm?) and dentine (us = 100-140 mm?) is
numerically simulated and analyzed. The results
showed that the fluence at the end of enamel
layer is over 95% of the value on the surface. The
photons are almost completely absorbed at the
depth of 3,7 mm. In the case of sample 4, the
caries was found at the depth of 1-2 mm. At this
depth, the excited light can completely penetrate
into the carious area for stimulating, and vice
versa, the emission light can escape to the surface
for observing. However, the fluorescence signal
on the tooth surface was too weak for taking
photo by using a 10x-magnification system.

A similar example of tooth with hidden
caries emitting red light under UVA illumination
is shown in Figure 6. Hidden occlusal caries was
defined as a dentinal caries lesion near the
occlusal surface of the tooth, visible on a
radiograph, where in visual examination the
occlusal enamel is seen intact or minimally
perforated. Hidden caries present the dentist with
challenges in prevention, diagnosis, treatment
planning, patient education and research. In this
work, the interesting results obtained from the
teeth samples with hidden caries show the
advantages of fluorescence technique in detecting
the presence of hidden caries.
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3.2. Fluorescence spectra

So far the studies of dental caries diagnostic
method based on fluorescence technique have
mainly used fluorescence imaging and
fluorescence  spectroscopy  separately. The
application of both qualitative (imaging) and
quantitative (spectroscopy) methods can give a
full overview about the fluorescence properties of
dental caries. As above mentioned, the sound
teeth (sample 1) and carious teeth (samples 2 and
3) showed different fluorescence colors under
UVA and these results were examined by
measuring fluorescence spectra.

The fluorescence spectra of human teeth have
been studied in a long time with various exciting
wavelength. In majority of cases the spectra have
consisted of a broad band from 400 nm to 700 nm
with a single peak located at different
wavelengths in depending on the excitation. A
broad band from 400 nm to 700 nm have to
consisted of some component bands (some peaks)
due to some fluorophores. These component
bands can be overlapped each other leading to the
observed broad band with single peak. Thus it’s
difficult to analyze the origin of fluorescence in
dental hard tissue.

This study intends to find out a measuring
method that is available for catching the
component fluorescence band of sound teeth. Up
to now, to the best of our knowledge, the power
LEDs have not been used widely in studying
teeth fluorescence. In our work, the 380-nm
LEDs with emission band from 370 nm to 390

nm were used for exciting all samples. As can be
seen in Figure 7, the spectrum of the sound tooth

(sample 1) has consisted of a broad band from
410 nm to 650 nm with three peaks at about 450
nm, 500 nm and 520 nm. The other sound teeth
were measured and have showed the emission
spectra with the same shape but with the higher
or lower intensity in comparing with sample 1.
With a such wide range of emission wavelength
and three maxima from 450 nm to 520 nm, it’s
easy to understand the cause of the observation of
blue-green fluorescence on the white background
in sound teeth (Figure 2). Three peaks shows that
there is more than one fluorophore presenting in
dental tissue. The intensity of peaks depends on
the density of the fluorophores. The fluorescence
of the dental material has a direct relation with
the mineral content of the enamel and dentin,
while the mineral content has a direct relation
with caries and the other dental diseases. Based
on the intensity of fluorescence peaks the density
of the mineral content can be determined. For
many years, researchers have studied the origin of
natural fluorescence in dental hard tissue but
those visible peaks have not been identified. The
determination of fluorophores emitting blue -
green color in sound teeth requires further
investigation.

For comparing with the emission spectrum
of sound teeth we measured fluorescence spectra
of sample 2-3. In the spectrum of sample 2
(Figure 7), besides three peaks as in sample 1,
there is three new peaks at 625 nm, 650 nm and
690 nm. This result is agreeable with the other
studies that dental calculus contains porphyrins
which absorb UVA and emit a fluorescence
signal in the visible red spectral region [19].
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Figure 7. Fluorescence spectra of samples.

The sample 3 was also tested and the result
showed the same spectrum as of sample 2 (Figure
7). The porphyrin peaks of sample 3 has the
lower intensity than of sample 2. Note that the
fluorescence intensity of  porphyrins s
proportional to the quantity of Streptococcus
mutans. The denser the bacterial colonization, the
more intense the fluorescence peak will be. The
comparision of Figures 3 and 4 shows that, the
dental calculus of sample 2 shows the stronger
red color than the cavity of samle 3. The same
exhibition of both fluorescence images and
spectra indicates that the bacteria density of
sample 2 is higher than of sample 3. Based on the
fluorescence images with the naked eye the
density of bacteria located on the teeth surface
can be predicted.

4. CONCLUSION

In this study, we have investigated the
fluorescence of sound teeth, teeth with dental
calculus, cavitated caries and hidden caries. The

sound teeth emitted the blue-green fluorescence
on a white background with broad emission
spectra from 410 nm to 650 nm (with three peaks
at 450 nm, 500 nm and 520 nm), while the
samples with different types of lesions showed
the strong red emission with new peaks at 625
nm, 650 nm and 690 nm. Porphyrins, produced
by bacteria Streptococcus mutans presenting in
lesions, respond to the red fluorescence. The
intensity of the red fluorescent signal depends on
the density of the bacteria. Under UVA
illumination, not only the surface lesions but also
the caries hiding under the enamel layer can be
detected.  This  result  requires  further
investigation, but it shows the ability to apply
fluorescence technique in the development of a
dental diagnostic tool owning a number of
advantages such as safety, mobility, low cost and
rapid test time.
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Ung dung ky thuat huynh quang trong
nghién ctru bénh sau rang
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TOM TAT:

Muc dich cua céng trinh nay la
nghién ctiu tinh chat huynh quang cuta
réng khée manh va réng tén thuong. St
dung diode phat quang trong wvung to
ngoai gan dé kich thich réng phat quang
da thu nhan dwoc nhing hinh anh va
phé huynh quang khéc nhau gitia réng
khée manh va rang sau lién quan toi sw
c6 mat cla vi khuén Streptococcus
mutans sinh ra porphyrin tai vj tri sau.
Rang khée manh phat quang mau xanh
lo véi dai phdé huynh quang khéa réng
chay ttr 410 dén 650 nm véi ba dinh tai
450 nm, 500 nm va 520 nm, trong khi
khu vire rang sau phat quang mau do voi

ba dinh m&i tai 625 nm, 650 nm va 690
nm. Cuong dé huynh quang ti Ié thuan
v&i méat do vi khuén tai vi tri sdu. Dua
vao mau do do porphyrins phat ra, khng
chi riéng nhing tén thuong bé méat ma
cd nhing vét sdu én dudi I6p men
khéng quan sat dwoc dwdi anh sang
thuong cing sé bj phat hién khi kich
thich bdng tia UVA. Nhing két qud nay
cho thdy khd ndng (ng dung ky thuat
huynh quang trong viéc phét trién mot
cong cu chén doéan nha khoa & giai doan
sém cla bénh v&i nhiéu wu diém nhw an
toan, co dong, gid thanh thdp va chén
doan nhanh.

Ttr khéa: huynh quang, séu réng, chan doan sém.
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