Performance of Laser Fluorescence for
Residual Caries Detection in Primary
Teeth

Taskin Gurbuz?
Yucel Yilmaz®
Fatih Sengul®

ABSTRACT

Objectives: The aim of this study was to evaluate the performance of a visual-tactile examination
and a laser fluorescence device for detecting residual dentinal caries after carious dentin removal
with bur excavation, hand excavation and chemomechanical excavation (Carisolv™].

Methods: Thirty extracted coronal caries primary second molars were used. The caries infected
dentin has been removed. A blinded examiner checked all cavities for residual caries using a visual-
tactile examination and laser fluorescence. Then the teeth were sectioned through the prepared
cavities and the two halves of each tooth were processed for light microscopy and Scanning Electron
Microscopy (SEM). The presence or absence of residual caries was verified using polarized light
microscopy as the gold standard. The cavity floor dentin after removing carious dentin was examined
using SEM.

Results: In among all groups a significant difference is determined between visual-tactile
examination and laser fluorescence [P<.05). There was an agreement between laser fluorescence
or visual-tactile examination and histological gold standard (P>.05). In addition, SEM images of the
surfaces with the caries removed have shown that a vast majority of the tubule openings is observed
to be open in the samples of the Carisolv group in opposition to the other groups.

Conclusions: The laser fluorescence system could be effective in checking the removal by other
methods, such as bur or Carisolv and avoid excessive removal of the sound dentin. (Eur J Dent
2008;2:176-184)

Key words: Caries removal techniques; Carisolv; Laser fluorescence; Residual caries; Carious
dentin; Children.
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to differentiate between infected and non-infected
dentin during caries excavation.' Histologically,
it is possible to distinguish between an outer
unremineralizable and an inner remineralizable
layer of carious tissue.?
Researchers have stated that in the
determination of the complete removal of the
carious dentin, color (visual criteria) and hardness
(tactile criteria) have been used as criteria for the
clinicalassessment.® Estimation of hardness of the
remaining dentin by tactile procedures, however,
may not be a reliable guide for the clinical removal
of caries.® Discoloration is considered reliable only
in chronic caries where it is usually marked, and
that the extent of bacterial invasion follows closely
the discoloration front. In acute caries, the zones
of discoloration are less evident, and bacterial
invasion is usually diffuse and extends beyond the
discoloration front.® Thus, discoloration is not a
reliable guide for the removal of infected dentin.

Caries detecting dyes have been used to
facilitate clinical discrimination of carious dentin
from sound dentin during caries removal.* The
use of these dyes, however, does not provide a
completely objective method for assessment of
caries removal. Excessive removal of dentin has
been reported when these dyes were used to
remove caries.’

The laser fluorescence device, DIAGNOdent
(KaVo Co., Biberach, Germany], has been developed
for objective caries diagnosis.® Also, DIAGNOdent
was shown to be applicable for caries diagnosis
during caries removal.” With this device, the tooth
surfaceisilluminated with pulses of red laser light,
and the fluorescence emitted from the surface is
analyzed and quantified. Caries process alters
the amount of fluorescence, which can be seen
as an elevated reading. The fluorescence emitted
from a test surface is displayed as numerical
values ranging from 0 to 99, with deeper carious
lesions producing higher values.”® DIAGNOdent
exhibited greater sensitivity than caries detecting
dye in caries detection.” Thus, apart from the use
of caries detecting dyes, the DIAGNOdent may be
used to evaluate the extent of demineralization of
dentin during caries removal.'® However, further
detailed studies are needed before DIAGNOdent
values can be used to differentiate the layers of
carious dentin.

Studies carried out so far show that the layer
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of the carious dentine, which is rich in bacteria,
unremineralizable and has necrotic tissue
remaining on its surface, should be removed by any
technique.’*% However, secondary or reparative
dentine developed as a positive response under the
infected region should not be removed.® Currently,
there is a growing interest to develop minimal
invasive techniques such as chemomechanical
caries removal in the treatment of the carious
lesion. The chemomechanical method does not
produce an uncomfortable machine sound as do
rotarycuttinginstruments,andtooth substancecan
be removed without pain." Both clinical reliability
and accepting of patient as well as activity of the
carious removal have a great interest in pediatric
dentistry.” Therefore, in recent years, the use of
the chemomechanical method for treating dental
caries has become widespread. However, Splieth
et al’? reported that more than 50 pm of carious
dentin were left following Carisolv treatment when
compared to the conventional mechanical tooth
preparation. Yazici et al’® showed that the residual
bacteria mainly at the dentinoenamel junction
following caries removal with Carisolv. The firm
feeling of sound dentin is not always differentiated,
and color and sound do not give a true indication
of sound dentin.” Hossain et al' reported that
Carisolv is capable of removing complete carious
dentin if proper clinical guide is applied.

The laser fluorescence score depends on
the amount of metabolic by-products of caries-
causing bacteria and fluorescent protoporphyrin
present,” and the color of carious dentin.’
Moreover, differences in the structure of dentine
surface being evaluated influence the results
using the DIAGNOdent. Thus, in order to use the
DIAGNOdent for removal of caries, it is necessary
to clarify the influence that the evaluated dentin’s
structure (for example, the existence of caries or
the course of dentinal tubules or the presence of a
smear layer) has on the DIAGNOdent readings.

The aim of this in vitro study was to compare
the performance of a visual-tactile examination
and a laser fluorescence device (DIAGNOdent) for
detection of residual dentinal caries after carious
dentin removal with the bur excavation, hand
excavation and Carisolv system. Also, we also
assessed the surface morphologies using scanning
electron microscope (SEM]. The hypothesis tested
was that not to be of influence of the structures of
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the prepared dentin surfaces after different caries
removal methods on the results of diagnosis using
the DIAGNOdent.

MATERIALS AND METHODS

The this investigation
approved by the Ethics Committee of the Faculty
of Dentistry, Ataturk University. In this study, a
total of thirty freshly extracted for orthodontic

protocol of was

reasons and exfoliated teeth; human primary
second molars-with coronal dentin acute caries
and a root resorption lower than two-thirds,
and without developmental defects, restoration,
plaque, cracking and discoloration were used.
Teeth having D3, caries limited to the outer half
of the dentin were selected.® A written consent
was obtained from the adults responsible for
the children that donated the teeth. Immediately
after extraction teeth were stored in saline for a
maximum of 1 week prior to meticulous cleaning
of the root surface from debris and residual soft
tissue. Specimens were intermediately stored at
-27°C; surfaces were wetted with saline prior to
freezing but no other liquids were added.

Specimen preparation

Enamel were removed by grinding the sample
teeth perpendicularly to the carious surface using
a slow-speed diamond saw under continuous
water cooling until a flat surface was formed and
the lesion in dentin was exposed.

Caries removal and evaluation

The teeth were randomly divided into three
experimental groups, each of which containing
ten teeth. In Group 1, caries was mechanically
removed with a carbon-steel round bur (ISO No.
012, Claudius Ash Ltd., Potters Bar, Herts., UK)
in a contra-angle speed- reducing hand piece
(400rpm). The maximum cutting dimension of the
bur was 1.217 mm. In Group 2, ten cavities were
prepared using hand excavation with a straight
spoon excavator (Ash G5, Claudius Ash Ltd.,
Potters Bar, Herts., UK) from the occlusal aspect
of the lesion. In Group 3, Carisolv Gel Multimix
(MediTeam Dental AB, Gothenburg, Sweden) was
used for the process of caries removal. Carisolv
consists of two carboxymethycellulose-based
gels:

1. A red gel containing 0.1 M amino acids

(glutamic acid, leucine lysine), NaCl, NaOH,
erythrosine and purified water.

2. Aclearliquid of sodium hypochlorite (NaOCL)-
0.5% (w/v).

The two separate gels, which had been stored
at 4°C before use, were allowed to regain room
temperature over a 12 h period prior to use. The
dentin caries was first covered with the pink
Carisolv gel. After 30 s, the carious dentin was
gently scraped with hand instruments to remove
softened carious tissue. A special hand instrument
(Carisolv instruments 2, 3 and 4) fit for the
dimension and availability of the cavity was chosen
and the softened carious dentin on the surface
was scraped. These instruments have a 90-degree
edge as opposed to a sharp cutting profile. When
the gel becomes heavily contaminated with debris,
it was removed with cotton pellets and more fresh
gel was applied. The procedure was repeated until
the gel no longer became cloudy and all surfaces
of the cavity were hard on probing, indicating that
no soft dentin caries was left. After complete
caries removal, the remaining gel was removed
with wet and dry cotton pellets.

In groups 1 and 2, a caries detector dye (Caries
Detector, Kuraray Medical Inc., Tokyo, Japan)
contain 1% acid red in propylene glycol was used
according to the manufacturer’s instructions for
reduces the risk of removing sound dentin. After
repeating Caries Detector staining, removal of
carious dentin was stopped when the cavity floor
dentin stained light pink in groups. The staining
conditions of caries detector were judged by 3
investigators.

The process of caries removal in all groups
has been carried out by the same examiner (T.G.).
Upon completion of the excavating procedures, all
specimens were rinsed with an air-water spray for
1 min.

Examinations

A blinded (Y.Y.] checked all
samples for residual caries using a visual-tactile
examination, a laser fluorescence device and

examiner

histological examination. The examinations were
carried out as follows:

Visual and tactile evaluation
A calibration was carried out prior to the visual
and tactile examination. The experienced examiner

European Journal of Dentistry



[1  July 2008 - Vol.2

made a decision on the presence or absence
of residual caries according to the hardness of
the marked lesion area. For the visual-tactile
examination, the teeth were dried briefly using
compressed air and were viewed under a dental
unit light. The visual criteria included the absence
of any discoloration. The tactile criteria included
the smooth passage of hard to a dental probe and
absence of a catch or a “tug-back” sensation. The
efficacy of caries removal was graded as complete
or incomplete and numerically scored 0 or 1.

Laser fluorescence examination

The measurements were made for each
sample using DIAGNOdent. After confirmation
of accurate unit setting, the device was first
calibrated using a ceramic plate according to the
manufacturer's instructions [(KaVo, Biberach,
Germany). The fluorescence of a sound spot on
the smooth surface of the tooth was measured
in order to provide a baseline reading for each
tooth (secondary calibration) and again after every
10* tooth. With tip A attached to the apparatus,
DIAGNOdent values were carefully measured
with the apex of the tip in contact with the surface
of the carious dentin of the cavity floor. The
samples were dried briefly using compressed air.
The DIAGNOdent readings taken prior to caries
removal and was provided a baseline value for
each tooth. After removal of the caries-infected
dentin DIAGNOdent readings were retaken in all
groups. The highest DIAGNOdent reading from
the marked lesion area was recorded for the each
sample. A blinded examiner evaluated differences
among initial and final DIAGNOdent readings
within the same groups. Three measurements in
each surface were taken and the mean value was
calculated. The cutoff for sound tissue was set at
15.10

Histological examination

Prior to the histological examination, color
photographs of the caries removal surfaces
were taken to assist the subsequent histological
The specimens’
separated from the coronal part and each tooth
was prepared for histological examination. Teeth
were hemi-sectioned in a mesial-distal direction

examination. roots were

through the center of the marked lesion area with
a high-speed drill and fine diamond bur. Speed
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was set at 800 rpm and a moderate weight (100
g) was chosen to guide the diamond-coated saw
blade during the cutting procedure. One half
of each tooth was processed for histological
evaluations. Subsequently, specimens were dried
in alcohol solvents of increasing concentration
and embedded in Technovit 9100 New (Heraeus
Kulzer, Wehrheim, Germany). Serial sections
of 200 pm were prepared and polished to a final
thickness of approximately 150 pm. Wet sections
were viewed under a polarized light microscope
(Axiovert 135, Carl Zeiss, Jena, Germany) at x10
magnification.Specimenswereimmersed inwater,
and the test sites were viewed under a polarized
light microscope for the presence or absence of
residual caries.” To prevent examiner bias, the
reproducibility of the histological validation was
determined by re-examining the sections of teeth
after a minimum break of 1 week. The examiner
was blind to the previous results. Intra-examiner
correlation (Pearson) was r_=0.91-0.98.

SEM evaluation

One half of each tooth was prepared for
scanning electron microscope (SEM) investigation
of the treated dentinal surface morphology. The
samples were rinsed and were ultrasonically
cleaned during 12 minutes. Then, the specimens
were mounted separately on aluminum stubs,
coated with gold/palladium by means of an ion
coating equipment (SEM Coating Unit E 500,
POLARON Equipment Limited, Barcelona, Spain),
then evaluated under SEM (JSM-6400, JEOL,
Tokyo, Japan) and micrographs were obtained.

Statistical analysis

Statistical analysis were performed by means
of SPSS 13.0 for Windows software (SPSS Inc.,
Chicago IL, USA]. Cohen’s Kappa was calculated
for intra-examiner calibration of detecting
residual dentinal caries. The Kappa values were
determined using the established cut-off levels
for caries status. A two-way ANOVA with repeated
measures were applied to do the comparisons
among the groups and between the initial and final
DIAGNOdent measures. In each group, whether
there is a difference between methods used
for determining residual caries is analyzed by
McNemar test, and differences in the comparisons
between all the groups are analyzed by Fischer’s
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exact test. Statistical significance were set at
P=.05.

RESULTS

Our initial Cohen’s Kappa evaluation of intra-
examiner reproducibility agreement produced
Kappa values from 0.49 to 0.93.

Therewasnotdifferenceamongthegroupsinthe
initial DIAGNOdent readings. There were statistical
differences among initial and final DIAGNOdent
values within the same groups (P<.05) (Table 1. In
addition, the mean DIAGNOdent readings between
all groups were stated significant (P<05) and the
mean DIAGNOdent values in the groups 2 and 3
were significantly higher than those obtained from
the group 1 (Table 1).

In group 1, the caries were observed to be
completely removed when inspecting the lesion
region by the visual-tactile examination and
DIAGNOdent method. There was an agreement
between each method and histological gold
standard (P>.05).

After the inspection of the lesion region in
group 2, caries in 4 teeth by the visual-tactile
examination and was observed, while caries in 7
teeth was determined by using the DIAGNOdent

Table 1. DIAGNOdent values before treatment and after

(Table 2). Caries determination done by two
methods has been found to be common for 4
teeth in group 2. In both groups, no significant
difference has been observed between the visual-
tactile examination-DIAGNOdent by the McNemar
analysis of the data obtained (P>.05) (Table 2). The
histological examination of 10 teeth revealed that
5 teeth had residual caries.

In the assessment of the caries removed
surfaces, in group 3, residual caries in only 1 tooth
in the visual-tactile examination and residual
caries in 4 teeth in the case using DIAGNOdent,
examination were detected (Table 2). The detection
by visual-tactile and DIAGNOdent methods has
been found to be common for 1 tooth in group 3. In
the analysis of the data in group 3, no statistically
significant difference among two methods was
observed (P>.05). In case of using histological
examination, the caries was detected in 2 teeth.

In the analysis of the data revealed significant
differences among the groups in terms of residual
caries detection (P<.05).

SEM images of the surface morphology are
shown in Figures 1-3. In group 1, dentin surfaces
with a smooth and homogenous smear layer are
observed in Figure 1. The surfaces appeared

removal of the carious dentin.

DIAGNOdent Values (+SD]

Groups N Sig
Initial Final

Group 1 10 54.4%17.42 9.2+5.32 *

Group 2 10 60.7£13.22 25.8+15.2b *

Group 3 10 56.4£12.2° 20.1£11.8¢ *

*. P<.05, If marked by the same letter, the difference between the groups is statistically insignificant (P>.05).

Table 2. Distribution of caries evaluation results for eac

h method.

Caries detection methods (n=30)

Visual tactile DIAGNOdent Histological
examination measurements evaluation
Caries Caries Caries P value

Caries removal methods Present/Absent Present/Absent Present/Absent
Bur excavation 0/10 0/10 0/10 1.000
Hand excavation 4/6 7/3 5/5 0.250
Carisolv excavation 1/9 4/6 2/8 0.250
Total 5/25 11/19 7/23 0.031*

*P<.05

B European Journal of Dentistry



[1  July 2008 - Vol.2

rougher with irregular particles scattered
throughout the surface area. The smearing effect
was accentuated and the dentin had apparently
been removed in layers as opposed to being
irregularly chipped away.

Figure 2 shows that dentin surfaces in group 2
are very rough and tubule openings are occluded
with a smear layer. The surface finish of hand-
excavated cavity was described as having a grated
effect. This effect was accentuated with some
evidence of tubule openings. It appeared that
the openings had been occluded to a significant
degree (Figure 2).

Finally, rough dentin surfaces, open dentinal
tubule orifice and no smear layer are observed in
group 3, as illustrated in Figure 3. The flaky effect
was accentuated due to the lack of an obvious
smear layer. Even, there was evidence of tubule
openings (Figure 3).

Figure 1. Scanning electron micrograph of the bur-prepared
cavity with evidence of smearing and tubule orizfice occlusion
(original magnification at X 1000).

Figure 2. Scanning electron micrograph of the excavator-
prepared dentin showing the very rough surface finish with
smearing (original magnification at X 1000).
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DISCUSSION

In carious dentin removal with Caries Detector,
when the outer layer of carious dentin is stained
red, it must be removed, and when the inner
layer of carious dentin is stained light pink, it
must be preserved.® In the present study, carious
dentin was detected using a Caries Detector dye
in groups 1 and 2. Several approaches for the
selective removal of infected dentine have been
introduced during the last decades including the
use of Caries Detector dyes and chemomechanical
caries removal technique.

Hossain et al™ recommended a combination of
hardness testing by an explorer and DIAGNOdent.
The usefulness of DIAGNOdent device for the
assessment
previously been reported by Lussi et al.”® The
distribution of DIAGNOdent values in primary

of carious dentin removal has

teeth exhibits a difference in an unimportant
degree with respect to that of permanent teeth.”
The best performance of DIAGNOdent is said to
be in dentinal caries which is emerged by opening
the fissure'® and to predict the extension of caries
lesions, mainly at dentinal caries threshold in
primary teeth.

Using histopathological and microhardness
evaluation, Mendes et al’ showed that the best
DIAGNOdent performance was obtained at the
D3, caries limited to the outer half of the dentin
threshold. It has been shown that the DIAGNOdent
readings were useful to facilitate accurate
removal of the caries-infected dentin.?? Further,
Yazici et al’ stated that DIAGNOdent agreed better
than the caries detector dye with the histological
evaluation in assessing teeth with residual caries.

Figure 3. Scanning electron micrograph showing cavity surface
prepared using Carisolv gel showing of the open tubular orifices
as well as microcracks on the surface (original magnification
at X 1000).
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Thus, in the present study; we used DIAGNOdent
readings to observe the condition of the dentin
after removal of the caries-infected dentin tissues
that were stained with caries detecting dye.

It has been documented DIAGNOdent values
are influenced by the amount of collagen and the
diameter of apatite crystals in human dentin.?
According to Hosoya et al,?? the accuracy of
DIAGNOdent readings to detect completeness of
dentin caries excavation is lower in the primary
teeth than in the permanent teeth. Thus, for the
primary teeth, it may be necessary to use both a
caries detecting dye and the DIAGNOdent device
to assess the extent of caries removal.?? Krause
et al* reported that approaching in the dental
pulp, increasing fluorescence values might lead to
unnecessary pulp exposures.

In this study, DIAGNOdent evaluation methods
used to confirm that the carious dentin is
completely removed. However, the Carisolv do
not completely remove remineralizable dentin;
therefore, this method may give misleading results
to operators. We discount DIAGNOdent values that
can be used as a guide for removing the carious
dentin outer layer with the Carisolv excavation
method. Yamada et al?®® stated that the efficiency of
complete carious dentin removal by the Carisolv
system in no longer difficult when a proper clinical
guide (e.g. DIAGNOdent assessment and caries
detector solution) is used. The laser fluorescence
readings reflect changes in the organic material
rather than in the inorganic content of the teeth.?

The fluorescent molecules responsible for
the increase of fluorescence in carious tissue
seem to be porphyrins, mainly proto-porphyrin
IX. These porphyrins could be synthesized by
several microorganisms in carious lesions.?
When these molecules were mixed with synthetic
hydroxyapatite or dried on tooth surfaces, there
was a marked increase in the DIAGNOdent
readings.?® In the present study, since Carisolv
gel contains sodium hypochlorite, this fact could
be the reason to the negative performance of the
DIAGNOdent in detecting residual dentin caries
after removal with the Carisolv.

In this study, it has been observed that dentine
surfaces are covered with a smear layer after the
use of bur in the caries removal while they have
roughness, irregularity, undercut and covered with
a smear layer in the hand excavation. However,

the cutting action was not as vigorous as that of a
bur. Additionally, in the group with caries removal
with Carisolv system, the two factors [mechanical
preparation technique and high pH) will probably
result in a minimal smear layer being formed,
thus the tubule orifices appeared patent in every
sample when using the gel. There also seemed to
be evidence of a greater of cracking in the dentin
surface. These micro cracks might have been the
result of the hydrophilic nature of the gel causing
dehydration of the dentin surface.?’ The cavity
prepared by using the Carisolv gel showed a
generalized flaky and roughened surface.

Hosoya et al?? reported that Carisolv treatment
removed the smear layer and opened dentinal
tubules of primary dentin and Carisolv may have
dissolved more collagen tissue in the primary
dentin than in the permanent dentin, perhaps
because the lower mineral content offers less
protection against the non-specific deproteinizing
effects of NaOCL. According to Hossain et al,’ the
dentinal surfaces after Carisolv treatment were
irregular, and there remained a minimal debris-
like smear layer and most of the dentinal tubules
were opened. These results were consistent with
the present study’s findings.

Peric and Markovic?® was judged that caries
status of dentine according to clinical criteria
(probing and visual inspection) after caries
removed using conventional rotary instruments
and Carisolv. These authors found that all
examined dentine surfaces were clinically caries
free in histological evaluation. Upon comparison,
our results were similar to the results of these
researchers: no significant difference between the
two groups was found in residual caries detection
using visual tactile examination and histological
evaluation.

Inastudy, Fliickigeretal?’ showedthattherewas
no significant difference in the amount of residual
caries in the cavity walls treated using the Carisolv
andconventionalhand excavationinthe histological
analysis. The findings by the researchers show
harmony with the results of our study. However,
in the present study DIAGNOdent readings and
histological evaluations were generally high in
hand excavation group comparison with the other
groups. The reason for the higher readings the
results of evaluation by the DIAGNOdent are not
affected by the surface structure of the dentin, for
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example, the micro cracks (Group 2J, the smear
layer and the orifices of the dentinal tubules. The
hypothesis was therefore accepted. In addition, the
DIAGNOdent values were much influenced by the
internal structure of the evaluated dentin when the
thickness of the layer of sound dentin between the
tip of the DIAGNOdent and the internal structure
was less than 0.2-0.3 mm.*®

CONCLUSIONS

The present study was performed under
in vitro conditions. The use of DIAGNOdent in
detecting residual caries requires further studies
under in vivo conditions. Based on histological and
scanning electron microscope analyses it could
be concluded that DIAGNOdent and visual tactile
examination can detect the remaining dentin as
sound after bur excavation. However, DIAGNOdent
abilities to detect residual caries were low after
hand excavation and chemomechanical caries
removal and, therefore, it is advisable to test the
residual caries with an additional diagnostic tool
such as visual tactile examination.
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