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Abstract

Objective: The purpose of this study was to evaluate the efficacy of the laser fluorescence (LF) device in de-
tecting in vitro demineralization and remineralization of smooth surface caries-like lesions. Background Data:
The early detection of smooth surface caries-like lesions is important to provide proper management of cari-
ous lesions, and allows monitoring of them over time. Also, some authors suggest that LF could be useful in
monitoring the caries pathological process. Materials and Methods: Seventy-eight blocks of bovine teeth were
obtained, and then submitted to artificial caries lesion induction and to a pH-cycling process. Superficial mi-
crohardness (SMH) and laser fluorescence analysis were performed at baseline, after induction of caries-like le-
sions, and after the pH-cycling regimen to promote remineralization. Results: Friedman’s and multiple com-
parison tests were performed for all variables. SMH analysis showed significant differences (p < 0.05) between
baseline (286.77 = 1.49 Vickers hardness number [VHN] units), before (38.48 = 0.85 VHN), and after reminer-
alization (131.93 = 2.63 VHN). Baseline values for LF were extremely low (2.71 = 0.05), and a statistically sig-
nificant difference was observed only after remineralization (3.61 = 0.08), as demonstrated by the increase in
LF values. Conclusion: The LF device did not show efficacy for monitoring in vitro demineralization and rem-
ineralization of smooth enamel surfaces.

Introduction

GENERALLY, EARLY CARIES LESIONS IN ENAMEL are observed
clinically as white spots caused by the acid pH of den-
tal plaque. This incipient lesion progresses slowly and has
the potential to be remineralized, thus avoiding the need for
dental intervention.!> White spots are opaque because their
crystals have altered physical and chemical properties, and
the spatial configuration of the crystals and the presence of
water reflect changes in the enamel surface compared with
the appearance of sound enamel 34

The early detection of smooth surface caries lesions is im-
portant to provide proper management of caries, and allows
their monitoring over time. It is well known that conven-
tional methods, such as visual inspection and radiographic
examination, are adequate to detect advanced caries le-

sions.>” Quantitative methods have been developed that of-
fer accurate detection, quantification, and monitoring of
changes in the mineral content of caries lesions.?

The laser fluorescence device (LF; DIAGNOdent, KaVo,
Biberach, Germany) is a laser-based instrument that emits
red light at a wavelength of 655 nm from a fiber optic bun-
dle and captures the fluorescence emitted by oral bacterial
metabolites. The device is based on the principle that cari-
ous tissue fluoresces more strongly than sound tissue, and
this change is registered as an increased number displayed
on a monitor.’

The performance and reproducibility of results of the laser
fluorescence device have been investigated for occlusal
caries?13 and smooth surface lesions.}281415 However, the
efficacy of laser fluorescence in monitoring remineralization
of incipient caries lesions is still unclear.!%16-18
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Thus, the aim of the present study was to evaluate the ef-
ficacy of the laser fluorescence device in detecting in vitro de-
and remineralization of smooth surface caries-like lesions,
using a surface microhardness technique which is a recog-
nized method for analyzing de- and remineralization.!?

Materials and Methods
Preparation of the enamel blocks

Two hundred enamel blocks (4 X 4 mm) were obtained
from bovine incisors and were stored in 2% formaldehyde
solution (pH 7.0) at room temperature.?’ Each block was em-
bedded in epoxy resin in order to expose only the buccal sur-
face. This procedure was performed to allow polishing of the
enamel surface as needed for an appropriate surface micro-
hardness analysis, since such evaluation requires a stable
specimen during the indentation process.

The blocks were then stored individually at 100% humid-
ity. Afterward, the enamel surface of the blocks was serially
polished and the surface microhardness analysis was per-
formed using a microhardness tester (Micromet 2100;
Buehler Ltd., Lake Bluff, IL, USA) with a Vickers diamond
under a 50-g load for 5 sec.! Five indentations spaced 100
pum from each other were made and the average was
recorded. From 200 enamel blocks, only those with hardness
of 286.77 * 1.49 Vickers hardness number (VHN) units were
selected (n = 152) for artificial caries lesion induction. The
other blocks (48 enamel blocks) were excluded because their
microhardness values had high levels of variation.

Laser fluorescence measurements

A laser fluorescence device (LF; DIAGNOdent, KaVo, Bib-
erach, Germany) was used according to the manufacturer’s
instructions. Two operators received training in order to en-
sure proper assessment of the teeth with the LF device. The
operators performed the LF readings using probe tip B, for
smooth surfaces. The device was calibrated against a porce-
lain standard prior to the examination, and then it was re-
calibrated after testing 10 blocks.'® After calibration, each
enamel block was taken out of the area with 100% humidity
and gently wiped with a tissue. For each enamel block, the
maximum fluorescence value as detected by the device was
recorded.

The laser fluorescence readings of the enamel blocks were
assessed at baseline, after artificial caries lesion induction,
and after the pH-cycling regimen. Each block was analyzed
three times by each operator at 1-wk intervals, and the mean
values were calculated.

Artificial caries lesion induction

Caries-like lesions were produced by suspending each
enamel block in 32 mL of a solution containing 0.05 M ac-
etate buffer 50% saturated with respect to bovine enamel, at
pH 5.0 for 16 h at 37°C.2122 To prepare this solution, bovine
enamel powder?? (particles 74-105 um in size) was agitated
in 0.05-M sodium acetate buffer, pH 5.0, for 96 h at 37°C (0.50
g/L). This saturated solution was filtered and diluted with
an equal volume of the same buffer. According to Moreno
and Zahradnik,2* an acid buffer at 50% would induce enamel
subsurface demineralization without erosion. After dem-
ineralization, the surface microhardness (SMH) was assessed
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again by five indentations spaced 100 um from each other
and from the baseline indent. After mean and standard de-
viation calculation, 78 enamel blocks with known enamel
surface microhardness (38.48 + 0.85 VHN) were selected for
the pH-cycling regimen. The other blocks (74 blocks) were
excluded because they showed higher hardness value vari-
ations compared to the mean and the standard deviation of
all of the blocks.

Treatment and pH-cycling regimen

The enamel blocks were submitted to dentifrice treatment
during the pH-cycling regimen according to White!” and
Paes Leme et al.?! A fluoride dentifrice containing 1100 ug
F/g, as NaF (Tandy-Colgate, Sdo Paulo, Brazil) was used.

The pH-cycling regimen consisted of 1-min soaks in 100
mL 33% (w/v) dentifrice/water slurries four times per day
(8:00 A.Mm., 10:00 a.m., 2:30 p.M., and 4:30 P.M.) to simulate
toothbrushing exposure.?! After each soak the blocks were
washed with deionized water. Between the treatments with
dentifrice, the enamel blocks were individually immersed in
4 mL of artificial saliva at 37°C. The artificial saliva was
changed twice a day (8:00 A.m. and 4:30 p.M.). In order to sim-
ulate the daily acid challenges occurring in the oral cavity,
the enamel blocks were individually immersed in 12 mL of
demineralization solution (with the same composition as the
lesion preparation solution) from 12:00 A.m. to 2:00 r.M. The
continuous cycles of demineralization and remineralization
were carried out for 12 d. On the sixth day the acid dem-
ineralizing solution was changed.?!

After pH cycling, the SMH of the enamel blocks was mea-
sured again. Five indentations spaced 100 um from each
other, from the baseline, and from those made after artificial
caries lesion induction, were performed. The percentage sur-
face microhardness recovery (SMHR) was individually cal-
culated for each enamel block according to the method of
Paes Leme et al.:?! (% hardness recovery = hardness after
pH cycling — hardness after demineralization X 100/sound
enamel hardness — hardness after demineralization). Then
the means and the standard deviations of SMHR were cal-
culated.

Statistical analysis

Intraclass correlation (ICC) was used to assess inter- and
intra-examiner reproducibility. The ICC was considered
poor when the values were below 0.40, fair for values be-
tween 0.40 and 0.59, good for values between 0.60 and 0.75,
and excellent for values above 0.75.%5

The non-parametric Friedman’s and multiple comparison
tests were performed for LF readings and for SMH analysis
at baseline, after artificial caries lesion induction, and after
the pH cycling regimen. The level of significance was set at
5%. The software MedCalc Statistical for Windows (version
9.3.0.0; MedCalc Software, Mariakerke, Belgium) was used
to perform the analyses.

Results

The ICC showed values for inter-examiner reproducibil-
ity of 0.78 (baseline), 0.71 (after demineralization), and 0.68
(after remineralization), indicating good to excellent agree-
ment between examinations. For intra-examiner repro-
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FIG. 1. Scatterplots of the SMH values and LF readings at baseline, after demineralization, and after remineralization.

ducibility, ICC showed reproducibility ranging from 0.51 to
0.61. The scatterplots shown in Fig. 1 represent the disper-
sion of the LF values according to the microhardness values
for the three different periods analyzed.

With regard to the surface microhardness analysis of the
enamel blocks, statistically significant differences (p < 0.05)
were observed among the three periods (Table 1). The per-
centage of SMHR (means * SD) of the enamel blocks treated
with fluoride dentifrice was 37.8 = 9.9. The LF readings did
not any show significant differences between the values at

TaBLE 1. ENAMEL SURFACE MICROHARDNESS ANALYSIS
AND LASER FLUORESCENCE READINGS AT THE
THREE STUDY PERIODS (MEANS * SD; N = 78)

After After
Method Baseline demineralization  remineralization
SMH 286.77 = 1.492 38.48 + 0.85P 131.93 + 2.63¢
FL 2.71 £ 0.052 2.77 = 0.62 3.61 + 0.08°

Different letters in the same row indicate significant differences by
the multiple comparison test (p < 0.05).

baseline and after demineralization; however, they had sta-
tistically significant differences after remineralization.

Discussion

Little information about the assessment of remineraliza-
tion using the LF device is available. Some authors have sug-
gested that the LF device could be useful for monitoring the
remineralization process;**?” however, other studies have re-
ported a lack of efficacy of LF in monitoring the remineral-
ization of incipient caries lesions.!6:18

According to Lussi and Hellwig!! a high level of repro-
ducibility of the LF device means that it could be useful for
monitoring the carious process. In this study ICC values
showed good-to-excellent agreement for the reliability of the
LF device in terms of inter-examiner agreement. These re-
sults confirmed the high reproducibility reported in previ-
ous studies.”® Nevertheless, intra-examiner agreement
showed lower ICC values (from 0.51-0.61). Differing from
this, Kiihnisch et al.,?® in an in vitro study assessing occlusal
caries, and Aljehani et al.,'® in an in vivo study assessing or-
thodontically-induced white spot lesions, showed excellent
intra-examiner reproducibility, with ICC values ranging
from 0.93-0.98, and from 0.91-0.99, respectively. Thus these
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differences may be related to subjective errors in the mea-
surements, such as improper calibration of the device.

The optical effects of mineral tissues, such as reflection,
transmission, and color absorption, are subject to change
with demineralization of the enamel’s microstructure. It has
been shown that this mineral loss is related to reflective
brightness of the minerals, and this holds considerable
promise in the field of quantitative cariology.3® According to
Ko et al. %! variations within the enamel tissue may also af-
fect the scattering coefficient, such as changes in density,
crystal size, and prism orientation, from one tooth to another.
Tooth reflections show the combined optical effects of the le-
sion layer and the surrounding sound tissues, which defeats
the use of optics for characterization of mineral loss.

Despite the capability of detecting in vivo caries lesion ac-
tivity,>1° the laser fluorescence device has yielded conflict-
ing results among the various studies. Furthermore, it is im-
portant to emphasize that some differences can be found
between natural and artificial caries lesions,?? although it has
been reported that the LF device is able to detect artificial
caries lesions induced without bacteria.'* The artificial dem-
ineralization procedure used in this study is adequate for the
study of early enamel caries-like lesions.??2 In the current
study, the values obtained with the laser fluorescence device
after demineralization were not significantly different from
baseline values. This may be related to inadequate detection
of small changes in mineral content by the LF device.816
Mendes and Nicolau'# observed an increase in LF values af-
ter artificial demineralization, suggesting that it could be due
to an increase in the enamel’s porosity. Since in our study
we used the SMH as the standard, it is possible that the dem-
ineralization process was also observed using this technique;
however, it was not detected by the LF device.

On the other hand, an increase in the laser fluorescence
readings was observed after the pH-cycling regimen, a find-
ing in agreement with that of Gokalp and Baseren,® who
showed that the LF device has good ability to detect sound
teeth for in vivo assessments, but an increase in the LF read-
ings was shown immediately after fluoride and chlorhexi-
dine varnish application. However, Mendes et al.!® demon-
strated that LF readings did not change significantly after in
vitro remineralization of natural white spot lesions in pri-
mary teeth. Furthermore, in an in vivo study, Silva et al.'®
observed that LF values did not show any modification af-
ter the remineralization of non-cavitated lesions. These re-
sults contradict studies that suggest that laser fluorescence
could be a useful method for detecting remineraliza-
tion.15:26,34,35

In our study, although a statistically significant increase
in LF values was seen after remineralization (0.84 units; Table
1), it appears that this did not have clinical significance in
smooth surfaces, since the LF device can show values vary-
ing from 0-99, and values from 0-4 represent arrested cari-
ous lesions, and values from 5-99 indicate active lesions.?

Another important aspect related to the LF analysis is that
some companies are formulating prophylaxis pastes and
toothpastes with fluorescent components to provide more
aesthetic results for teeth.3¢ The authors discussed the fact
that cleaning teeth with such products could leave remnants
of the paste in small, narrow areas such as fissures, and it
could lead to higher inherent LF values.?® In their study as-
sessing occlusal surfaces, only the prophylaxis paste Clinic
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(8M, Bioggio, Switzerland) had a significant influence on LF
values of sound enamel and carious enamel, but it had no
clinical significance. The prophylaxis paste Clinic had a flu-
orescence value of 4. However, in our study, the toothpaste
used in the pH-cycling regimen (Tandy-Colgate, Sdo Paulo,
Brazil) had a fluorescence value of 1. For this reason, the in-
crease in LF values observed after remineralization was not
related to fluorescence present in the toothpaste.

Regarding the SMH analysis, it was observed that 37% of
the enamel’s surface recovered after pH cycling in the pres-
ence of artificial saliva and a fluoridated dentifrice, as was
previously shown by White,'* Maia et al.,*” and Paes Leme
et al.>! White!” and Paes Leme et al.?! suggested that this
technique would be an excellent means of simple and accu-
rate assessment of remineralization in incipient caries le-
sions. In addition, as it is a non-destructive technique and
does not damage the enamel’s structure,'” the microhard-
ness test was the method chosen for this longitudinal study.

Thus, in our study it we found a mean of 37% of SMHR,
and it cannot be dismissed that the increase in LF readings
after remineralization may be related to a decrease in light
scattering due to remineralization and the subsequent de-
crease in porosity. We also observed that all LF values ob-
tained in our study in the three study periods remained
within the same range (from 2—-4) for all the different cari-
ous states. It has been suggested that changing LF readings
reflect changes in the organic content (proto- and meso-por-
phyrins) rather than the inorganic content of the tooth sub-
stance.18938 These porphyrins are produced by bacteria in-
side carious tooth substance, and may be released from
bacteria outside the tooth and diffuse into the tooth. There-
fore it may be argued that LF does not measure remineral-
ization directly. More effective toothbrushing would mean
less plaque, and thus less bacteria to produce porphyrins ex-
ternally, and as a consequence, reduces laser fluorescence.
In addition, fluoride treatment may result in a reduction of
porosity of the tooth surface, and consequently less por-
phyrin diffuses into the enamel.®

Conclusion

In this study, demineralization and remineralization were
detected by surface microhardness analysis. However, laser
fluorescence did not prove efficacious in detecting in vitro
demineralization and remineralization of smooth enamel
surfaces. Further in vitro studies using bacterial caries mod-
els, as well as in vivo studies are needed to elucidate whether
this device is able to detect natural or induced caries-like le-
sions and their remineralization.
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