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ABSTRACT
Proper treatment of dental caries demands detection of
carious lesions at an early stage and a minimal invasive cavity
preparation to preserve the maximum tooth structure. Various
devices use fluorescence for caries detection via recording the
red fluorescence generated by dentin caries under illumination.
The aim of this study was to evaluate the porphyrin and
pentosidine involvement in the red fluorescence observed in
enamel and dentin caries when illuminated with the Soprolife®
camera (Sopro, Acteon Group, La Ciotat, France) and Vistacam®
camera (Dürr Dental AG, Bietigheim-Bissingen, Germany).
Three techniques were used: single photon fluorescence
spectroscopy, micro-Raman spectroscopy, and color analysis
with ImajeJ software. Cross-sections of human teeth, scored
from 0–6 with the International Caries Detection and Assessment
System (ICDAS), were examined by fluorescence microscopy.
Teeth spectra of each ICDAS score were compared with those of
protoporphyrin IX (PpIX), porphyrin I, and pentosidine solutions.
A specific confocal Raman microscopy analysis was realized and
a Red–Green–Blue model analysis of Soprolife® images was
performed using ImageJ software to compare the color variations
on ICDAS score 1 and 2. Fluorescence spectroscopy and microRaman spectroscopy revealed the presence of PpIX in carious
enamel and dentin. The clinical relevance of this experimentation
was that the increased knowledge of the fluorescence aids for
caries detection could improve the preventive approach, thus
reducing the operative one.
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INTRODUCTION
Complex odontoblast and extracellular matrix modifications are involved in dental caries.1,2 Variation of dentin
autofluorescence was observed during the caries process,
and to explain the underlying phenomena various hypotheses were suggested3: modification of the collagen
fibers, noncentrosymmetric structure with fluorescence
properties, and/or accumulation of specific decay
products and bacterial biofilm formation with specific
endogenous porphyrin. The best known dental caries
products are the so-called Maillard reaction products.
The Maillard reaction or browning discoloration is a
non-enzymatic glycation of carbohydrate and protein,
forming a brownish polymer of crosslinked proteins and
advanced glycation end-products (AGEs).4,5 Advanced
glycation end-products accumulate gradually in tissues
with aging or decay, and are involved in several diseases.
They include lots of fluorescence molecules and more
specifically the pentosidine.6 Dentin collagen fibers are
likely to link with AGEs over the long term, rendering
dentin collagen more resistant to proteolytic breakdown
and modifying its intrinsic fluorescence.5 Previous studies also focused on porphyrin and its derivatives in an
attempt to link the autofluorescence signal of dentin caries with porphyrin sediment.3,7 Nevertheless, porphyrin
is a generic term that refers to a huge range of molecules,
not only bacterial derivatives. Porphyrins are aromatic
tetrapyrrole macrocycles that are abundant in nature.
They usually act as cofactors of many proteins and are
responsible for a number of biological functions, such as
enzymatic activity, photosynthesis, protein folding, and
intra-/intercellular communication.8
Based on the fluorescence of carious component
derivatives, various imaging techniques have been developed for enamel-dentine caries detection. Among the
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commercially available devices 9,10 some combined
fluorescence-based systems with camera: (a) Vistacam®
camera (Classic, CL and IX) is an intraoral fluorescence
camera (Dürr Dental, Bietigheim-Bissingen, Germany)
that diagnoses enamel-dentine caries and it is claimed
that it can excite the porphyrin molecules (e.g., protoporphyrin IX and porphyrin I), though without any further
specification. (b) Soprolife® camera (Acteon, La Ciotat,
France) is an intraoral fluorescence camera that diagnoses
enamel-dentine caries too and, unlike the other devices, it
is specifically claimed that it reveals the AGEs and Maillard products (e.g., pentosidine).11-15 Dentin caries emits
red fluorescence when illuminated with this device. The
present in vitro study aimed to compare the protoporphyrin IX, porphyrin I, and pentosidine fluorescence spectra
with those of enamel-dentine caries taken at different
caries scores and analyzed the potential involvement of
these specific molecules in the red fluorescence observed
in enamel and dentin caries when illuminated with Soprolife® and Vistacam® cameras.16,17 Three techniques
were used: single photon fluorescence spectroscopy,
micro-Raman spectroscopy, and Red–Green–Blue image
analysis with ImageJ software. The null hypothesis is that
the red shift fluorescence is not related to porphyrins.

MATERIALS AND METHODS
Sample Preparation
Teeth extracted for caries, periodontic, or orthodontic
reasons were collected from Montpellier University
Health Center and stored in ultrapure water (Millipore,
USA) at 4°C. The subjects provided signed written
informed consent. The teeth were cleaned with a sodium
bicarbonate cleaning tool (Air N Go, classic powder,
Actéon, Bordeaux, France)18 and rinsed with ultrapure
water. Nine teeth were selected and cross-sectioned
to have the entire International Caries Detection and
Assessment System (ICDAS) scores (0–6). The 1-mm-thick
cross-sections were prepared using an Isomet diamond
saw (Isomet 1,000; Buehler, Lake Bluff, IL, USA) and
polished on carbide disks (Escil, Lyon, France). Each tooth
cross-section was kept in a separate box in ultrapure
water at 4°C.

Fluorescence Dental Devices
Vistacam® Camera
The Vistacam® (Classic, CL, and IX) is an intraoral
fluorescence camera (Dürr Dental, Bietigheim-Bissingen,
Germany) that emits at 405 nm and captures a digital
image. The reflected light is filtered below 495 nm and
generates the green–yellow fluorescence of normal teeth
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with a peak at 510 nm, as well as a red fluorescence with
a peak at 680 nm. The software (DBSWIN version 5.3)
quantifies the green and red components of the reflected
light on a scale from 0 to 3 as a ratio of red to green (Table 1),
the carious areas having a higher ratio.19,20

Soprolife® Camera
The Soprolife ® (Acteon, La Ciotat, France) intraoral
camera has two types of light emitting diode (LED) that
can illuminate tooth surfaces in the visible domain, either
in the white-light region or in a narrow band (450 nm
wavelength with a bandwidth of 20 nm, centered at ±10
nm around the excitation wavelength).21,22 This provides
an anatomical image superimposed on autofluorescence.
This camera can detect and locate differences in the
density, structure, and/or chemical composition of
biological tissue subjected to continuous lighting in one
frequency band, while making it generate a fluorescence
phenomenon in a second frequency band. This device is
equipped with an image sensor (a 0.64 cm charge-coupled
device (CCD) sensor) consisting of a mosaic of pixels
covered with filters of complementary colors. The data
collected, relating to the energy received by each pixel,
enable an image of the tooth to be retrieved. The camera is
operated in three modes: Daylight mode (four white-light
LEDs generate daylight), Diagnostic mode, and Treatment
mode (four blue-light LEDs generate enamel and dentin
fluorescence) (Table 2); the difference between the latter
two modes being their different CCD settings.

ICDAS Classification
International Caries Detection and Assessment System23,24
was used to rank the samples. The ICDAS index was
described for coronal and root caries, and for caries
associated with restorations and sealants (CARS). The
scores code for sound surfaces (score 0), through primary
carious lesions in enamel (score 1–3), to primary carious
lesions in dentin (score 4–6) (Table 3).
Table 1: Vistacam® scores
Scores

0–1

1–1.5

1.5–2
Enamel
caries
up to
Early-stage enamel/
dentin
Histological Healthy enamel
border
depth
enamel caries

2–2.5

2.5 > 3

Dentin
border
already
passed

Deep
dentin
caries

Table 2: Dentin fluorescence color changes (Soprolife®
treatment mode)22
Sound dentin
Acid green

Active carious
dentin
Red

Tertiary dentin
Grey green
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Table 3: International caries detection and assessment system clinical index score
ICDAS clinical score
0
1
2

Histological depth
Sound tooth surface
First visual change in enamel
Distinct visual change in enamel

3

Localized enamel breakdown due to caries
with no visible dentin or underlying shadow
Underlying dark shadow from dentin with
and without localized enamel breakdown
Distinct cavity with visible dentin
Extensive cavity with visible dentin

4
5
6

0
1
2
3

No demineralization
Outer 1/2 enamel
Inner half enamel and outer third
of the dentin
Middle third of the dentin

3

Middle third of the dentin

4
4

Inner third of the dentin
Inner third of the dentin

ICDAS: International Caries Detection and Assessment System

Chemicals
Protoporphyrin IX (Sigma Aldrich, France), porphyrin I
(Sigma Aldrich, France), and pentosidine (Polypeptide
Group, Strasbourg, France) were observed separately
with the Soprolife ® camera. Protoporphyrin IX and
porphyrin I powders were prepared in absolute ethanol
and pentosidine in PBS at a concentration of 0.2 mg/ml.
At this concentration, the chemicals achieved maximum
fluorescence intensity.

Fluorescence Spectroscopy
Fluorescence emission spectral characteristics of the
samples were examined by fluorescence microscopy
(Nikon Eclipse TE 2000) with an excitation wavelength
range of λex 380–450 nm, a spectrometer (Acton SP215iCCD PIXI400B), and the Winspect Software. Emission
fluorescence spectra were grouped into three categories:
enamel, dentin ranked with ICDAS score, and the
chemicals. Several measurements were taken on each
tooth cross-section at different spots along the caries area
(Fig. 1). The cross-sections were examined this way to be
consistent with ICDAS classification. The enamel was
divided into two layers: first half (spot #1) and second
half (spot #2), whereas dentin decay was divided into
three layers: first third (spot #3), middle third (spot #4),
and the inner third (spot #5), and finally a spot on sound
dentin (spot #0). The data were recorded under the same
conditions for all samples.

Micro-Raman Spectroscopy
Raman spectra were collected using a Witec Confocal
Raman Microscope System alpha 300R (Witec Inc., Ulm,
Germany). The incident laser beam is focused onto the
sample through a ×20 NIKON objective with a numerical
aperture of 0.46 (Nikon, Tokyo, Japan). The acquisition
time of a single spectrum was set to 0.5 seconds.
Excitation in confocal Raman microscopy is assured by a

Fig. 1: Localization of fluorescence measurements on a longitudinal
cross-section of a tooth (International Caries Detection and
Assessment System score 2)

frequency-doubled Nd:YAG (yttrium aluminum garnet)
laser (Newport, Evry, France) at a wavelength of 532 nm.
To reveal the underlying enamel structural modifications
for the score ICDAS 1 with a red-brown fissure, a specific
enamel spot was investigated in the tooth cross-section
with micro-Raman spectroscopy (Fig. 10). Raman spectra
of caries dentin samples were previously published by
our groups.11-15

Red–Green–Blue (RGB) Analysis
(ImageJ Software)
In addition to daylight images using the Nikon Medical
Nikkor camera, Soprolife ® (in treatment mode) and
Vistacam® images were taken for each tooth cross-section.
Soprolife® images were analyzed with ImageJ Software
(1.46r, National Institutes of Health, USA) to measure red,
blue, and green color intensity variations (RGB space). The
color is expressed as an RGB triplet, each component of
which can vary from zero to a defined maximum value.
If all the components are at zero, the result is black; if all
are at maximum, the result is the brightest white.
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RESULTS
To ease the reading of the results, only the Soprolife® and
Vistacam® images of ICDAS score 1, 2, and 6 are described.

Fluorescence Images with Soprolife®
and Vistacam® Cameras
ICDAS Score 1
Soprolife®: The ICDAS score 1 cross-section exhibits an
early stage of caries affecting the enamel only. Carious
enamel (red arrow) appeared opaque white in daylight
(Fig. 2A) and more white with Soprolife® in fluorescence
mode (Fig. 2B).
Vistacam® : With the Vistacam® (Fig. 2C), the infected
area was red color-coded (score 1.6, Table 1), with enamel
caries up to the enamel/dentin border. It indicated a
carious activity with a positive porphyrin-like signal (red
signal, red arrow).

ICDAS Score 2
Soprolife® : The ICDAS 2 cross-section exhibited a carious
enamel and dentin activity (Inner 1/2 enamel and outer
1/3 of the dentin). The optical image (Fig. 3A) revealed
an opaque white enamel and brown-stained dentin. The
image recorded with the Soprolife® (Fig. 3B) showed a
dark red fluorescent dentin in the upper layer, followed

A

B

by a color-gradient of grey/green fluorescence from the
brown lesion.
Vistacam ® : With Vistacam® (Fig. 3C), the carious
enamel and dentin were clustered into the same area with
the same color code (2.0, Table 1). This red color did not
match the exact pattern of the brown lesion observed in
the optical image.

ICDAS Score 6
Soprolife® : Conversely, the ICDAS score 6 sample contained
an extensive dentin caries with no enamel (Fig. 4A). The
image taken with the Soprolife® showed a red dark fluorescence superimposable on the brown area of the optical
image (Figs 4A and B).
Vistacam® : The Vistacam® camera did not detect a
color-coded fluorescence on carious dentin on the crosssection and on the entire tooth before section, even with
various imaging distances, backgrounds and camera
orientations (Fig. 4C).

Single Photon Fluorescence Spectroscopy
Chemicals: Protoporphyrin IX, Porphyrin I,
and Pentosidine
According to the literature, porphyrins exhibited emission
spectra over 570 nm with double peaks, which are
characteristic of these molecules.8,25 The protoporphyrin IX

C

Figs 2A to C: International Caries Detection and Assessment System 1 cross-section: (A) optical image; (B) Soprolife® image;
(C) Vistacam® image. Red arrows: infected area

A

B

C

Figs 3A to C: International Caries Detection and Assessment System 2 cross-section: (A) optical image; (B) Soprolife® image;
(C) Vistacam® image
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A

B

C

Figs 4A to C: International Caries Detection and Assessment System score 6 cross-section: (A) optical image;
(B) Soprolife® image; (C) Vistacam® image

solution revealed two main peaks in the red spectral range:
at 620 and 675 nm (Graph 1). Comparable fluorescence
emission maxima were observed for dental calculus and
carious enamel.3,9 Although fluorescence intensities are
only indicative, we note that protoporphyrin IX had the
highest relative fluorescence intensity (≈66400 au). The
emission spectra of porphyrin I solution had three peaks
at around 510, 645, and 680 nm (Graph 1). These peaks
are weaker than the protoporphyrin IX peaks, and the
presence of porphyrin I can be masked for this reason.
The fluorescence intensity of the pentosidine solution
(Graph 1) is weak (≈10000) compared with protoporphyrin
IX, and porphyrin I and exhibited two large peaks centered
at around 510 and 680 nm. Its presence can be masked by
the presence of protoporphyrin IX and porphyrin I, since
their spectra partially overlap. The chemical spectra were
overlaid on the enamel and dentin spectra for comparison.

Teeth Samples: Enamel ICDAS 0 to 2
Sound enamel (ICDAS 0) spectrum showed one single
peak in the green spectral region at around 470 nm.
Carious enamel revealed one main peak in the green
spectral range and two peaks in the red spectral range
(620 and 670 nm). Fluorescence spectra of ICDAS
2 enamel, containing more infected tissue, showed
two peaks (610 and 675 nm) (Graph 1) with higher
intensities than ICDAS 1. From the score ICDAS 3,
enamel caries contains localized breakdown, which
indicates some enamel gaps. This is why enamel
fluorescence were not investigated beyond the score
ICDAS 2. Protoporphyrin IX seemed to be present in
carious enamel.
Teeth Samples: Dentin ICDAS Score 2 to 6: A second sample
of ICDAS score 2 dentin revealed a clear red shift in the
fluorescence emission of the dentin: as the investigated

Graph 1: Emission fluorescence spectra of protoporphyrin IX, porphyrin I, pentosidine, and enamel
cross-sections (spot #2) from International Caries Detection and Assessment System score 0 to 2
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spot migrated from an affected area (spot #5) to an
infected area (spot #3), there was a decrease in the relative
fluorescence intensity, a spectrum expansion, and a red
shift (Graph 2).
Graph 3 represents a combination of dentin fluorescence spectra acquired at spot #3 (Fig. 1) for ICDAS scores
0 to 6. Fluorescence spectra of ICDAS scores 0 to 5 did
not give any specific porphyrin-like spectral pathway.
All these spectra exhibited one main peak in the green
spectral range, centered at around 480 to 500 nm, and
their relative intensities as well as their positions varied.
The red shift increased as ICDAS scores increased with a
marked decrease of the relative fluorescence intensities.
On the other hand, the ICDAS score 6 sample (highest
caries score) exhibited two porphyrin-like peaks at 620
and 675 nm.

The ICDAS score 6 cross-section gave the most
accurate porphyrin-like spectra (Graph 4). The double
peaks decreased while the main peak in the green
spectral range increased as the measuring spot migrated
to less infected areas. The fluorescence spectra of the
affected areas (less infected) appeared more intense,
sharp, and green-shifted, while the spectra of the infected
area were more flattened with less intensity and slightly
shifted toward the red wavelengths range.

Micro-Raman Spectroscopy
Tooth Sample: Enamel ICDAS Score 1
The Soprolife® image showed a red–brown spot (red
arrow in Fig. 5A) inside the enamel fissure. And the
Raman spectra of this specific enamel spot exhibited

Graph 2: Emission fluorescence spectra of protoporphyrin IX, porphyrin I, pentosidine, and International
Caries Detection and Assessment System score 2 dentin

Graph 3: Emission fluorescence spectra of protoporphyrin IX, porphyrin I, pentosidine, and dentin (spot
#3=first dentin layer) at various International Caries Detection and Assessment System scores 0 to 6
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Graph 4: Emission fluorescence spectra of protoporphyrin IX, porphyrin I, pentosidine, and
International Caries Detection and Assessment System 6 dentin

A

B

C

Figs 5A to C: International Caries Detection and Assessment System 1 cross-section: (A) Soprolife® image; (B) optical image of the
spot acquired with Raman confocal microscopy; (C) Vistacam® image (red arrows: analyzed area)

two bands (Fig. 10, blue spectrum): C-C (1345 cm−1) and
CH2 (1578 cm−1). These bands were also present in the
Raman spectrum (red) of the protoporphyrin IX powder
(Graph 5).

RGB Analysis
An RGB analysis was performed on the ICDAS score
2 tooth cross-section at different spots (#0-3-4) to

Graph 5: A comparison of the Raman spectrum of protoporphyrin IX
with infected enamel from the optical image in Figure 9 (red arrow)

evaluate the green and red proportions in the Soprolife®
fluorescence image. The ICDAS 2 cross-section exhibited
a white opaque enamel and a brown stained dentin. The
Soprolife® image indicated a dark red fluorescent dentin
in the upper layer, followed by a gradient as it moved
away from the brown lesion to reach a green fluorescence
(Fig. 3).
At spot #3, the red, green, and blue signals substantially
dropped in a similar way. Between spots #3 and #4, the
red signal dominated. The green fluorescence increased
again at spot #4, despite the red and blue signal intensities
(Graph 6).
The red and blue fluorescence underwent similar
changes, but the green fluorescence was the one that had
the strongest variation, allowing the red signal to exceed
it at one point.
The RGB measurements are presented as histogram
in Graph 7 (relative intensity: ri). The value of the green
(219.2 ri) prevailed in the measurement taken on the
sound dentin (spot #0). The red was dominant in the
infected dentin spot #3 (95.3 ri) while the green greatly
decreased (62 ri). The red almost reached the blue
value (127.6 vs 152.9 ri) as the measurement migrated
to the affected dentin (spot #4), indicating once more a
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Graph 6: Red–Green–Blue plot of the International Caries Detection
and Assessment System score 2 enamel and dentin caries

dominant green color, though less bright.15,21 The blue
color roughly followed the green variations.

DISCUSSION
The fluorescence spectra on various tooth cross-sections
exhibited the same variations for most samples. A clear
reduction of the intensities, similar to the brightness reduction and flattening spectra, was observed from the sound
to the infected area. On the other hand, the fluorescence
spectra apexes, except for ICDAS score 6, were mainly
centered in the green spectral range (500 nm) regardless
of the additional visible color. The balance between the
red and green signal was in favor of the red signal as soon
as the spectra shifted close to 600 nm. From 600 nm (red
wavelength range) the comparison of the three chemicals
spectra versus the spectra of the different caries spots
showed superimposed spectra for enamel (ICDAS score 1
and 2) and dentin (ICDAS 6). Moreover, the ICDAS score
6 sample gave specific protoporphyrin IX-like spectra
with different intensities. This carious area of the highest
ICDAS score was dark, which implied extensive scattering
and absorption phenomena. This could explain the weak
fluorescence intensity on the infected area. For the sample
ICDAS score 2, fluorescence emission spectra of enamel
showed the protoporphyrin IX-like double peaks around
620 and 680 nm. There is a positive correlation between this
result and the Vistacam® image. Porphyrine I and pentosidine spectra around 530 nm could influence, even with
low relative fluorescence intensities, the fluorescence tissue
spectra too (Figs 6 to 8). The fluorescence image recorded
with the Soprolife® did not detect a fluorescence signal in
the early stage of carious enamel (ICDAS score 1), probably
due to its weak fluorescence emission. In fact, enamel has
20 to 30 times less organic material than dentin. Therefore,
in the different ICDAS scores, enamel fluorescence spectra
exhibited lower relative intensities compared to dentin

8

Graph 7: Red–Green–Blue histograms of color intensity of spot #0,
spot #3, and spot #4 International Caries Detection and Assessment
System score 2 dentin cross-section

fluorescence. In the Vistacam® image of an ICDAS score 1
sample, the infected area revealed a positive porphyrin-like
signal and correlated with fluorescence emission spectra
of the same area: two porphyrin-like spectra with low
relative intensities and a similar pathway. In fact, porphyrin is claimed to have a bacterial origin, yet few cariogenic bacteria produce it; and if it were the case we should
observe a porphyrin gradient and this was not the case. The
numerical value for the red area given by the Vistacam®
camera never indicated a porphyrin gradient inside the
same fissure or even in caries dentin layer. In addition,
with Vistacam® on the ICDAS score 6 sample, no porphyrin
signal was revealed in this in vitro sample, which is often
observed in clinical situations. Previous studies aimed
to examine whether Streptococcus mutans is implicated
in the generation of the fluorescence detected in carious
lesions. The results demonstrated that S. mutans induced
the enamel and dentin lesions exhibited, and modified the
fluorescence in the red and green spectral regions, with a
stronger signal in the red region. However, neither bacterial cells nor culture media generated any fluorescence.
The presence of S. mutans may be a prerequisite for the
emission of fluorescence from carious lesions, and some
interactions of S. mutans with exposed tooth matrix elements may also be required for the generation or unmasking of fluorophores.26,27 Our study confirmed this result
only for enamel but diverged for dentin. In fact, S. mutans
penetration in dentin should give a similar porphyrin gradient signal, which was not observed with the Vistacam®
device. In contrast, the specific red fluorescence gradient
observed in the deep layer of dentin caries with the Soprolife® was previously described as a result of the AGEs
and Maillard reaction.11,13 For the similar Raman spectra
observed in the infected enamel and protoporphyrin IX
compound, our hypothesis was that the measurement was
taken on a specific bacterium at this precise spot, which
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allowed a positive Raman signal to be detected (bacteria
PpIX bands). Various microorganisms, such as certain
Bacteroides, could also provide endogenous protoporphyrin
IX. These anaerobic bacteria belong to the normal flora of
the intestine and oral cavity.28 The two specific vibration
bands (1345 and 1578 cm−1) observed in the Raman spectra
were specific to the protoporphyrin IX. Similar excitations
were more difficult to observe with the other fluorescence
molecules. In dentin caries, the Raman signals were
overlapped by the fluorescence signal. This strengthens
our hypothesis that the porphyrin signals were more visible in the upper layer of the decay, and non-existent or
masked in the deepest decay layer. As for the involvement
of AGEs produced by Maillard reactions, several previous
studies have already supported this hypothesis.11,12,29 The
clinically relevant aspects of this study were as follows:
areas with various caries process looked different in terms
of fluorescence and brightness. Healthy dentin could be
also clearly discriminated from carious dentin, as it appeared bright green at the highest level of brightness. Any
carious lesion could be detected by the variation in the
fluorescence of its tissues in relation to a healthy area of
the same tooth. In the caries lesions, reparative or sclerotic
(both tertiary dentin) dentin is synthesized depending
on the caries activity. These two types of dentin structure
could partially account for the brightness (L*) variations,
but both are centripetal scar tissue with a constantly low
level of brightness and modified fluorescence color.15,21,22
The ICDAS score 2 involves enamel and dentine caries
with minimum tissue destruction; this is the reason why
the color variation analyses were performed on it. The
Red Green Blue histograms and plots confirmed the huge
drop of the green color in dentin caries spot #3 (Figs 11
and 12), exhibiting a residual red signal. Either the organic
or inorganic constituent of healthy dentin that emits an
acid-green fluorescence partially disappears in the carious areas; hence the red fluorescence appears.12,15,21, 22 The
hypothesis of a modification of the noncentrosymmetric
structure of collagen 1 was previously described.11,13 Dentinal constituents emitting a red fluorescence seemed to
be less damaged by the caries lesion. The spectral data
acquired with the various spots can be correlated to the
carious activity: spot #3 (Fig. 1) represented the infected
dentin and appeared red, while spots #4 and #5 represented the affected areas, which had fewer bacteria, and
the healthy collagen fiber produced an increasing green
fluorescence signal.

CONCLUSION
The comparison of the different chemicals fluorescence
spectra vs the fluorescence spectra of enamel and dentin
caries confirmed the contribution of protoporphyrin

IX and partially that of pentosidine and porphyrin I.
This study led to a descriptive panel of fluorescence
changes at all stages of dental caries, which could
modify the cutoff threshold between preventive and
operative dentistry and introduce new paradigms in
caries diagnosis and treatment, for example, the LIFEDT
(light-induced fluorescence evaluator for diagnosis and
treatment) concept.15-18 Current work is ongoing using
mass spectrometry imaging to define a mapping of teeth
cross-section with caries, in order to better identify and
localize these specific fluorescent metabolites.
These methods are excellent in early diagnosis of the
dental caries and promote initial prevention at the early
stages.30
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