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Impedance Spectroscopy as a
Tool for the Detection of Occlusal
Noncavitated Carious Lesions

M Melo ¢ A Pascual ® I Camps ® F Ata-Ali  J Ata-Ali

Clinical Relevance

The diagnosis of caries in its early stages is important to allow minimally invasive treatments.
Impedance spectroscopy may be useful for the detection of occlusal caries.

SUMMARY

A total 302 teeth (148 molars and 154
premolars) corresponding to 152 patients
aged >18 vyears were evaluated for caries
using the ICDAS (International Caries Detection
and Assessment System), fluorescence (DD,
DIAGNOdent) and electrical impedance (IMS,
CarieScan PRO) systems. Fissurotomy and
intraoral radiographs were used as the gold
standard. Accordingly, 27.5% (n=84) of the
teeth were classified as sound, while 26.9%
(n=81) had enamel involvement and 45.6%
(n=138) presented carious lesions reaching
the dentin. Sensitivity (Se), specificity (Sp), and
the area under the curve (AUC) were, respectively,

90.7%, 87.8%, and 0.954 (IMS); 92.4%, 92.7%,
and 0.954 (DD); and 79.0%, 72.3%, and 0.756
(ICDAS). With regard to Se and Sp, there were
significant differences between ICDAS and DD
(p<0.001) and between ICDAS and IMS (p=0.01),
but not between IMS and DD (p=0.07). In
relation to AUC, there were significant differences
between ICDAS and DD (p<0.001), and between
ICDAS and IMS (p<0.001), but not between IMS
and DD (p>0.05). The correlations between
fissurotomy and each method were 88.7% (IMS),
89.7% (DD), and 77.1% (ICDAS). Within the
limitations of this study, clinically, the electrical
system is not useful for differentiating between
sound teeth and truly incipient caries lesions by
itself. The fluorescence or electrical systems are
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recommended with the ICDAS to detect carious
lesions in their early stages.

INTRODUCTION

The early detection of occlusal caries can be
complicated when the lesions are not cavitated.'
Among other factors, this is due to the complex
anatomy of the molars and premolars, and the use of
fluoride products, which can increase enamel surface
resistance and mask dentinal lesions.? In the last 20
years, many studies have attempted to evaluate the
detection capacity of different systems, based mainly
on fluorescence,*® which involves the absorption of
light of a short wavelength and the emission of light
of a longer wavelength. The detection of caries, when
the lesions are noncavitated and only affect the enamel
layer, allows for more conservative management,*"
such as fluoride therapy®” or ozone treatment," which,
in turn, implies less-expensive management and the
preservation of more dental tissue, thereby, improving
patient comfort and quality of life.'

The original visual criteria established by Ekstrand
and others are no longer regarded as suitable,
since they do not contemplate all the stages of caries
progression.*® As a result, new visual criteria are
being introduced. In this regard, the International
Caries Detection and Assessment System (ICDAS)
was presented in 2002, allowing assessment of the
caries process in each of its stages and determining
caries lesion activity status.’® The ICDAS is a clinical
scoring system based on visual examination, optionally
aided by a ball-ended probe. The system classifies the
stages of the caries process based on histological extent
and activity. Seven stages from “sound” to “‘extensive
distinct cavity with visible dentin” are distinguished,
based on the visual appearance of the tooth surface.
Different studies support the validity of this system,
finding it to be reproducible and precise.””"®* However,
there is great variation in the clinician-based diagnosis
of hidden caries, and in this regard technological
advances could contribute to improving the detection
and diagnosis of caries in its early stages.'*® The
ICDAS can be used in epidemiological studies, public
health research, clinical research, clinical practice, and
dental education. It is necessary to train and calibrate
the examiners to ensure that the results obtained are
comparable among different clinicians and useful, for
example, in epidemiological studies.”

One of the existing fluorescence-based systems
involving red laser (655 nm) measures the differences
in fluorescence emitted by the healthy tissues and
caries.”?® Part of the irradiated light is reemitted
by bacterial porphyrins?® as fluorescence within

the infrared spectrum and can be quantified. This
technique was introduced in 1998, and its detection
ability has been extensively evaluated. Most reports
are in ovitro studies,”*** though some in vivo studies
have also been published.*”*® The sensitivity (Se) of
the technique ranges from 44%-100%,**" while its
specificity (Sp) is reportedly 36%-100%.*" The possible
causes of such large variations in Se and Sp comprise
a lack of consistency in defining the disease and
variability in terms of the gold standard and analytical
systems used.” Furthermore, it must be mentioned
that fluorescence-based systems are prone to false-
positive readings caused by different factors such as
the use of silver amalgam, certain prophylactic pastes,
resin composites, or calculus.®**

Electrical impedance systems were designed to
assess the extent of the lesion within the enamel, %
and are based on the principle that materials can be
characterized by their ability to conduct electricity
to one degree or other. Such systems can be used
in combination with visual criteria for the diagnosis
and monitoring of noncavitated caries.”® Their use
in combination with visual criteria affords better
diagnostic performance than visual criteria alone.*
The system consists of a rechargeable device connected
to a sensor that is placed in contact with the examined
tooth and a lip clip that closes the circuit. The sensor
is a disposable headpiece with a tip ending in a minute
series of metal filaments that transmit the current to the
tooth in order to obtain the measurements. The sensor
is fitted to the upper part of the body of the device,
which has a light display that indicates the different
lesion degrees based on a luminous color code. A
light-emitting diode (LED) screen in the central part
of the device indicates the measured values, while the
lower part houses the control buttons and an input
for connecting the lip clip. The permeability of a
tooth increases in the presence of a demineralization
process.” Such permeability is related to the
electrical resistance of the tooth; accordingly, the
physical changes present in a carious process can be
identified and quantified by measuring this electrical
phenomenon. Enamel demineralization is associated
with lower electrical impedance compared to sound
tissue. Dentin, in turn, has lower impedance than
enamel, but its porosity also increases due to dental
caries resulting in a decrease in impedance.* Systems
of this kind should not be used in patients with cardiac
pacemakers or for the evaluation of secondary caries
or root caries, or to detect the depth of a preparation’.
These devices come with a screen showing the
numerical value (0-100) obtained in the measurement
and a color pyramid that lights up (green, yellow, and
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red), according to the numerical value obtained.*” An
algorithm, in turn, is used to establish the diagnostic
score based on the bioimpedance values mapped
against a clinical reference.

The cut-off pointis the value used to divide continuous
results into categories (typically positive and negative).
In this case, positivity is the presence of caries, while
negativity corresponds to a sound tooth. Agreement is
lacking in the literature on the use of a cut-off point
with the different detection systems, and the results of
different studies can vary greatly depending on which
cut-off point is used.*** The differences among the
cut-off points found in the literature preclude direct
comparison of the different systems.*#4

There is no consensus in the literature regarding the
detection capacity of the different diagnostic systems.
The Se of the ICDAS II scoring system varies greatly
among studies, from 5%-83% for grade D3 (outer half of
dentin),** in the same way as its Sp. The systems based
on fluorescence and electrical impedance also show
disparate values for different degrees of involvement.
Sensitivity ranges from 73%-100%%" and 45%-92%'%%
for fluorescence and electrical impedance systems,
respectively. It is, therefore, essential to carry out more
prospective i viwo studies involving large sample sizes
and using fissurotomy to confirm the true extent of the
lesion, as contemplated in our case. The objectives of
the present clinical study were to evaluate the ability of
impedance spectroscopy to detect occlusal caries, and to
compare the technique against fluorescence and visual/
tactile examinations. The null hypothesis was that there
are no i vwo differences in the detection of occlusal
caries of the permanent molars and premolars between
the fluorescence and electrical impedance systems.

METHODS AND MATERIALS

Study Population

A prospective study was made of 152 patients in the
Deparment of Dentistry (Dental Parhology and
Therapeutics Unit), University of Valencia between
January 1, 2009 and December 31, 2012.

All of the patients were over 18 years of age and
presented American Society of Anaesthesiologists’
(ASA) classification score I-II. A total of 302 teeth (148
molars and 154 premolars) out of 1758 posterior teeth
were analyzed. The teeth were diagnosed with caries
amenable to restoration based on the ICDAS system
(code 3 or higher), and were also examined with
the fluorescence and electrical systems. A bitewing
radiograph was subsequently used to confirm lesion
extension. The exclusion criteria were teeth with
sealants or previous restorations, hypoplasia, or teeth
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with fluorosis or amelogenesis, in accordance with the
recommendations of other authors.*##

Clinical Analysis

All the detection procedures were carried out by the
same examiner (MM) who was trained and calibrated
for all the systems used. The occlusal surfaces were first
cleaned using pumice mixed with water and a nylon
prophylactic brush (Dentaflux, Madrid, Spain) at low
speed. The visual examination was performed under no
magnification, as recommended by the ICDAS II code
system.*” The tactile examination to check the surface
was performed using a TU 17/23 Hu-Friedy exploratory
probe (Chicago, IL, USA), moving it over the explored
surfaces without applying pressure. The fluorescence
system (DD: DIAGNOdent 2095, KaVo, Bibberach,
Germany) was used following the recommendations of
the manufacturer. Since these were occlusal surfaces,
we used the previously calibrated A probe positioned
perpendicular to the occlusal surface being examined. In
all cases we recorded the highest value obtained.® Lastly,
the electrical impedance system (IMS: CarieScan PRO,
CarieScan Ltd, Dundee, Scotland) was used. The tooth
was rehydrated with water from the system syringe for
5 seconds in order to facilitate electrical conductance.
We then dried the tooth for another 5 seconds following
the recommendations of the manufacturer. The soft
tissue clip was placed on the lip of the patient, avoiding
contact with any metal restorations present in the
mouth. The sensor, in turn, was placed on the occlusal
surface of the tooth to be examined, and the “enter”
button was pressed to start measuring. Four tones can
be heard during the measurement process before the
result appears onscreen. The end of measurement
is indicated by a long sequence of “beeps” and the
classification appearing on the color display.® The
highest value obtained was recorded. The operating
principle is shown in Figure 1.

The true extent of the carious lesions was determined
by fissurotomy using round diamond drills measuring
0.5 mm in diameter at high speed (Komet, Gebr
Brasseler GmbH & Co, Lemgo, Germany)** by one
operator (MM). The final lesion depth was assessed
visually and with the tip of the exploratory probe,
evaluating the hardness of the bottom of the fissure.
This technique was used as the gold standard in our
study. After fissurotomy, bitewing radiographs were
obtained to confirm lesion extension, recording the
true extent for posterior statistical analysis.”® The
following criteria were used to classify lesion extension:
DO (sound), D1 (outer half of the enamel), D2 (inner
half of the enamel), D3 (outer half of dentin), and D4
(inner half of dentin).'®*
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Figure 1. Schematic representation of the electrical impedance
system.

Statistical Analysis

A descriptive analysis was made, calculating the Se and
Sp values, and the area under the curve (AUC) for each
of the systems used. The 95% confidence interval (95%
CI) of the AUC was calculated, based on the contrast
test AUC=0.5. The inferential analyses included the
Mann-Whitney U-test for two independent samples
in order to determine whether the distribution of
the values of a diagnostic test is homogeneous in two
groups. The Kruskal-Wallis test for more than two
independent samples was used to determine whether
the distribution of the values of a diagnostic test was
homogeneous in several groups. The McNemar test
was used to compare predictions between the two tests,
while the Spearman correlation coefficient was used to
estimate the correlation between two at least ordinal
variables. The significance level considered was 5%
(a=0.05). The statistical power of the study (n=302) was
96% for a two-tailed test, with a level of significance
of 5%. The SPSS version 15.0 statistical package (SPSS
Inc, Chicago, IL, USA) was used throughout. We
used the cut-off points suggested by the manufacturer
for both the devices (fluorescence and electrical
impedance). In the former system, values from 0 to 14
indicated sound tooth, 15-20 corresponded to D1-D2
lesions, and finally values over 21 corresponded to D3-
D4 caries. In the latter system, 0 indicated sound tooth,
1-50 corresponded to D1 caries, 51-90 to D2 lesions, 91-
99 to D3 lesions, and 100 indicated D4 caries.

RESULTS

A total of 302 teeth (148 molars and 154 premolars)
corresponding to 152 patients with a mean age of 39.1

+ 14.3 years were included. The prevalence of caries in
the sample was 72.5% (after fissurotomy).

The fluorescence system provided continuous values.
The cut-off points used were those suggested by the
manufacturer: D0=17.1% of the sample, D1-D2=10.3%,
and D3-D4=72.6% of the lesions. The optimal cut-
off point obtained in this study was 23.5. The values
referring to diagnostic validity varied according to the
real extension of the caries as shown in Table 1.

In relation to the electrical impedance system, the
results were classified according to the parameters
proposed by the manufacturer: There were no cases
with a value of 0, so according to this system there were
no sound teeth. Specifically, 46.5%, 20.9%, 0.7%, and
32% of the sample corresponded to D1, D2, D3, and
D4 lesions, respectively. The values referring to the
diagnostic validity of this system vary according to the
degree of extension of the lesion. Other cut-off points
(24.5 and 33) were analyzed, and the results are shown
in Table 2.

The Se values were D0=27.7%, 96.2%; D1=51.4%,
82,9%; D2=52.3%, 95.2%; D3=94.6%, 98.2%; and
D4=95.7%, 100% for ICDAS and DD, respectively. No
case was classified as D0, according to the IMS; the Se in
this case, therefore, was D1=100%, D2=52.3%, D3=40%,
and D4=83.8%. The correlation between the real
extension of caries and DD/IMS was 0.911 and 0.904,
respectively ($<0.001). The kappa index was 0.50, with
95% CI 0.42-0.67. The Spearman correlation coefficient
was 0.911 (=0.676/ranges), indicating a moderately
strong correlation for DD. In the case of IMS, the kappa
index of linearly weighted concordance for the complete
ordinal classification was 0.59, with 95% CI 0.55-0.63.
The Spearman correlation coefficient between the
exact value given by the system based on IMS and the
actual range of the lesion was =0.904 (~=0.806/ranges),
suggesting a fairly strong correlation. For the AUC
estimations, no significant difference was recorded
between IMS and DD (p<0.05). However, there were
differences between ICDAS and IMS (p<0.001) and
between ICDAS and DD (p<0.001). This information is
summarized in Table 3. The values corresponding to
Se, Sp, AUC, and correlation with fissurotomy of the
different methods are presented in Table 4.

DISCUSSION

The present study tested the hypothesis that there are
no differences in Se and Sp between the visual and
tactile systems and the fluorescence and impedance
techniques in detecting occlusal caries of the
permanent dentition. Based on the results obtained,
the null hypothesis of our study was accepted. In order
to establish the true extent of a carious lesion, a biopsy
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Table 1: Results of the Fluorescence System According to Real Extension of the Caries

Fluorescence System

Fluorescence System Using Cut-off Value 23.5

DO D1 D2 D3 D4 DO D1 D2 D3 D4
Sensitivity (Se), % 96.2 829 952 982 100 92.4 743 857 98.2 100
Specificity (Sp), % 51.2 51.20 49.7 92.7 72.6 572 428 315
Positive (+) 83.5 20.0 62.3 97.0 97.0 84.0 66.0 38.5
predictive value, %
Negative (-) 84 84 98.8 82.6 924  98.9 100 100
predictive value, %
Concordance, % 83.6 61.3 92.4% —

Kappa 0.54 (0.42-0.66) 0.50 (0.42-0.57) 0.82 (0.75-0.89) —
Correlation r=0.911 (p<0.001) r=0.911 (p<0.001)
fluorescence-real

extension

Correlation range
fluorescence-real
extension

r=0.676 (p<0.001)

r=0.755 (p<0.001)

is needed (in the cas
must be performed

e of in vitro studies) or a fissurotomy
(in the case of in viwo studies).” It

should be noted that not all studies use histology as
the gold standard. This is the case of Theocharopoulou

and others® and Rechmann and others,

% who used

ICDAS as the reference standard. For this reason,
not all the published results can be compared. In our
in vwo study, fissurotomy was taken to be the gold
standard for establishing the true extent of the lesions,
in concordance with other publications.®#375*

Table 2: Results of the Impedance System According to Real Extension of the Caries
Impedance System Impedance System Using Cut-off Impedance System using Cut-off
Value 24.5 Value 33.0
D1 D2 D3 D4 DO D1 D2 D3 D4 DO D1 D2 D3 D4
Sensitivity (Se), 100 52.3 40.0 83.8 90.2 44.4 100 100 100 89.8 38.9 100 100 100
%
Specificity (Sp), 0 96.6 95.7 93.1 87.8 78.0 56.8 42.4 31.0 96.3 85.6 62.3 46.5 34.0
%
Positive (+) 416 95.2 100 70.5 95.1 95.1 87.3 65.8 39.0 98.5 98.5 91.3 68.9 40.8
predictive
value, %
Negative (-) — 826 77.5 93.6 78.3 100 100 100 100 78.2 100 100 100 100
predictive
value, %
Concordance, 39.4 89.8 - 91.5 -
%
Kappa 0.59 0.76 - 0.80 -
(0.55-0.63) (0.67-0.84) (0.73-0.88)
Correlation r=0.904 (p<0.001) r=0.904 (p<0.001) r=0.904 (p<0.001)
fluorescence-
real extension
Correlation r =0.860 (p<0.001) r=0.760 (p<0.001) r=0.814 (p<0.001)
range
impedance-real
extension
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Table 3: Results of the Studied Systems According to
Real Extension of the Caries

ICDAS DD IMS
Sensitivity (Se) 79.0% 92.4%  90.7%
Specificity (Sp) 72.3% 92.7%  87.8%
Area Under the 0.756 0.954 0.954
Curve (AUC)
Correlation with 77.1% 89.7% 88.7%
fissurotomy

Abbreviations: ICDAS, International Caries Detection and
Assessment System; DD, DIAGNOdent; IMS, CarieScan PRO.

We performed visual examination using the ICDAS
criteria, in the same way as other authors,>®* in order
to compare the results obtained with those of other
publications. In the present study, the Se of ICDAS was
seen to increase with caries lesion depth (51.4%-95.6%).
Other investigators have recorded similar results. In
one study, the Se of ICDAS was found to be 48%-83%
in D3 lesions, though in D1 lesions Se performance
was found to be 59%-73%.* Zaidi and others obtained
similar results, with sensitivities of 65% (D1 lesions) and
59% (D3 lesions).”* Pourhashemi and others® found the
lowest Se of ICDAS to be 25%, and the highest 61.4%
depending on the observer. In another study*® the Se
of IDCAS was 8%-76% (for D1 and D2 lesions) or 5%-
78% (for D3 and D4 lesions). The authors reported that
clinical performance was not significantly improved
when the detection level was moved to the inner enamel
layer. Diniz and others,® in turn, obtained specificities
and sensitivities for enamel and dentin caries versus
only dentin caries of 60%-93% and 77%-52%, and
similar results were recorded by Jablonski-Momeni and

others.*” There are minor variations between the visual
signs associated with each code.” Kockanat and Unal®
reported the highest Se (97-86%) and Sp (96%-93%) at
D1 and D3 thresholds of ICDAS. Lower figures were
obtained by Singh and others,® with a Se of 77.78%
and a Sp of 75%. The important differences recorded
in the Se of ICDAS can be attributed to the fact that
dental caries is a dynamic process in which early
lesions undergo demineralization before becoming
clinically manifest.

It is difficult to establish comparisons between studies
of fluorescence systems, since no consensus regarding
the cut-off points can be found in the literature. Each
point on a Se-Sp curve corresponds to a cut-off value,
and is associated to test Se and Sp. Locating the cut-
off point thus requires a compromise between both the
parameters. In some cases, Se can be more important
than Sp, though in other circumstances the opposite
may apply. If there is no preference between Se and Sp,
or if both parameters are the same, a good approach
would be to maximize both the rates. Different studies
have calculated their own cut-off points, seeking
to obtain maximum Se and Sp. This is the case of
Rodrigues and others, who determined point 30
to be the most suitable cut-off point in terms of Sp.
Ghoncheh and others* determined three different cut-
off points: 8.5, 9.5, and 10.5, with Se values of 73%-92%
and Sp values of 57%-82%. In our study, the maximum
values for Se and Sp were obtained with a cut-off point
of 23.5. Fluorescence system measurements at a single
site are reproducible when the device is calibrated
according to the instructions of the manufacturer.”
The classification of a tooth as either presenting
caries or being sound or healthy is not conditioned
by operator bias, since this is an objective technique

Table 4: Sensitivity (Se), Specificity (Sp), Area under the Curve (AUC), and Correlation with Fissurotomy of
the Different Methods
DO D2 D3 D4
ICDAS 27.70% 51.40% 52.30% 94.60% 95.70%

Sensitivity (Se) DD 96.20% 82.90% 95.20% 98.20% 100%

IMS - 100% 52.30% 40% 83.80%
Correlation DD 0.911 (p<0.001)

IMS 0.904 (p<0.001)
Kappa DD 0.50 95% Cl, 0.42-0.67

IMS 0.59 95% Cl, 0.55-0.63
Spearman DD 0.911 (r=0.676/ranges)

IMS 0.904 (r=0.806/ranges)
Abbreviations: ICDAS, International Caries Detection and Assessment System; DD, DIAGNOdent; IMS, CarieScan PRO.

$S8008 98] BIA |,0-60-GZ0Z 1 /woo Aiojoeignd-poid-swnd-yrewssiem-jpd-swiid//:sdny woll papeojumo(



264

that produces a numerical reading of the inspected
site. Nevertheless, the importance of the cut-off point
and the influence according to some authors of stains
in fissures and cracks are clear. Such stains could be a
source of high false-positive rates obtained with light
fluorescence, with a consequent decrease in the Sp
values recorded.”**® The high incidence of false-positive
results produced by laser fluorescence devices not only
reduces the Sp values but is also partially responsible
for higher Se values.

The Se obtained with the fluorescence system lies
within a narrow range (79%-100%).”" However, the Sp
reported for this system in the literature is lower than
that obtained in our study, where the range was seen to
be 53%-72%.%%% When caries affects dentin, the Se of
the technique is close to 100%. However, in the case of
D1 and D2 lesions, the Se values are lower. The Se of
the system was seen to increase with the severity of the
lesion (82.9% in D1 lesions versus 100% in D4 lesions).
Our results are consistent with those of other studies.”**
Some authors consider that fluorescence readings
reflect changes in the organic material rather than in the
inorganic content of the teeth. Oral bacterial metabolites
affect the signal, and an increase in fluorescence is due
more to changes in the organic content of carious lesions
than to mineral disintegration.®-®?

With the fluorescence technique, the differences
among the cut-off points found in the literature
preclude direct comparison of the systems studied. We
used the cut-off points proposed by the manufacturer,
but other cut-off points have also been studied, and the
findings have been presented in the Results section. Teo
and others® included different cut-off points. The D1
cut-off point (21) was a matter of concern, even when
the second chosen cut-off point (51) represented deeper
lesion extension into the inner-third of the enamel
layer. In the same study, with the mentioned cut-off
point of 21, the Sp was 81.7% and increased to 100%
with the other two cut-off points (51 and 91, proposed
by the manufacturer, as in our case). In the last two
cases, Se decreased to 71.6% and 45%, respectively.
The overall values in the study by Teo and others were
95% for Se and 44% for Sp. The high Se obtained by
these authors suggests that the system is able to detect
correctly (enamel and dentin) but is hampered by
low Sp that does not allow it to distinguish between
caries and healthy dental tissue. In D2 lesions and
deeper lesions, the results clearly improved. This
system yielded the highest Cohen’s kappa coefficients
in the study published by Katge.”” On the other hand,
Kockanat and Unal, in primary molars, reported
higher Se for D1 lesions (89%-92%) than for D3 lesions
(47%-173%)."® This difference can be explained because

Operative Dentistry

more than lesion depth is responsible for the result or
value obtained by the system. In an in wvitro study of
10 posterior teeth subjected to electrical impedance
measurements and microcomputed tomography
scans, the analysis of the images revealed a complex
morphology of occlusal caries in terms of density.
The authors concluded that lesion morphology is an
important factor to be taken into account in assessing
the capacity of electrical impedance spectroscopy to
detect caries or conduct follow-up of carious lesions
over time.” This may explain the high values obtained
in our study, even though lesion depth was smaller than
in other cases where the numerical reading obtained
was lower. It is also important to note that the histology
of a tooth changes with advancing age—with significant
differences in measurements between young and
mature teeth. The formation of peritubular dentin over
time causes the tubular lumen to gradually narrow and
even become obliterated.* A study in which electrical
impedance measurements were obtained from 99
healthy first molars every 6 months found impedance
to increase in the posteruptive period.** For this reason,
and in the same way as there are differences between the
deciduous and permanent teeth, the values obtained
with this system cannot be generalized to all ages when
establishing a treatment plan.®

Some studies have found electrical impedance systems
to be more sensitive in detecting occlusal caries than
visual, tactile, or radiographic techniques. Katge and
others®” found the Se of this system to be 97%, versus
93% in the case of ICDAS. However, Sp was lower
(82%) for electrical impedance, though other authors
claim the opposite.’**®% The lower Se values reported
by some investigators underscores the importance of
this system in monitoring lesions confined to dentin
and healthy teeth. Jablonski-Momeni,* in a study of
292 teeth, recorded high wn vivo reproducibility but
only moderate correlation to the findings of the visual
system. The authors considered the system to be
useful for monitoring caries not subjected to invasive
treatment but questioned its validness in detecting
lesions limited to the enamel—visual examination
being considered more useful in this case. This differs
from our own findings, in which electrical impedance
yielded better results than ICDAS in D2 caries (Se
100% versus 52.3%). The lack of a gold standard in the
above-mentioned study for validating the results may
be the cause of this difference. Also, Jablonski-Momeni
and others conducted their study in adults over a broad
age range (18-68.5 years), and hence the results may
differ from those obtained in our study.

Identifying the initial stages of demineralization is
essential in order to allow noninvasive therapies such
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as fluoride therapy. According to the clinical practice
guidelines referred to nonrestorative treatments for
carious lesions of the American Dental Association,®
clinicians should prioritize the use of sealants plus
5% NaF varnish applied every 3-6 months, or sealants
alone over 5% Nal' varnish alone, or 1.23% APF gel
applied with the same frequency. As an application
at home, 0.2% NaF mouth rinses once per week are
strongly recommended.

With regard to the limitations of our study, it must be
mentioned that due to ethical concerns, the examined
teeth were diagnosed with caries amenable to be
restored based on the ICDAS system. Furthermore,
the study design did not allow us to determine whether
any of the evaluated detection methods are useful for
detecting truly incipient caries lesions.

CONCLUSIONS

Clinically, the electrical system on its own is not useful
for differentiating between sound teeth and truly
incipient caries lesions. The fluorescence or electrical
systems are recommended with the ICDAS to detect
carious lesions in their early stages.

Regulatory Statement

The study and experimental protocol were reviewed and
approved by the Institutional Review Board of the University
of Valencia (IRB00010108) and were conducted in accordance
with the guidelines of the Declaration of Helsinki. Informed
consent was obtained from all the participants included in
the study.

Conflict of interest

The authors declare that they have no proprietary, financial,
or other personal interests of any kind in relation to any
product, service, and/or company cited in this article.

(Accepted 26 April 2021)

REFERENCES

1. Carvalho JC & Mestrinho HD (2014) Diagnosing non-cavitated
lesions in epidemiological studies: 260 practical and scientific
considerations Brazilian Oral Research 28(Special number) 1-7.

2. Seremidi K, Lagouvardos P, & Kavvadia K (2012) Comparative in
vitro validation of VistaProof and DIAGNOdent pen for occlusal
caries detection in permanent teeth Operative Dentistry 37(3)

234-245.

3. Rodrigues JA, Hug I, Diniz MB, & Lussi A (2008) Performance of
fluorescence methods, radiographic examination and ICDAS II
on occlusal surfaces in vitro Caries Research 42(4) 297-304.

4. Diniz MB, Lima LM, Eckert G, Zandona AG, Cordeiro RC, &
Pinto LS (2011) In wvitro evaluation of ICDAS and radiographic

10.

11.

12.

13.

14.

15.

16.

17.

examination of occlusal surfaces and their association with
treatment decisions Operative Dentistry 36(2) 133-42.

. Souza J, Boldieri T, Diniz MB, Rodrigues JA, Lussi A, &

Cordeiro RC (2013) Traditional and novel methods for occlusal
caries detection: Performance on primary teeth Lasers in Medical
Science 28(1) 287-295.

. Diniz MB, Campos PH, Sanabe ME, Duarte DA, Santos

MT, Guaré RO, Duque C, Lussi A, & Rodrigues JA (2015)
Effectiveness of fluorescence-based methods in monitoring
progression of noncavitated caries-like lesions on smooth surfaces
Operative Dentistry 40(6) E230-E241.

. Duruturk L, Cift¢i A, Baharoglu S, & Oztuna D (2011) Clinical

evaluation of DIAGNOdent in detection of occlusal caries in
newly erupted noncavitated first permanent molars in caries-
active children Operative Dentistry 36(4) 348-355.

. Melo M, Pascual A, Camps I, del Campo A, & Ata-Ali J (2017)

Caries diagnosis using light fluorescence devices in comparison
with traditional visual and tactile evaluation: a prospective study
in 152 patients Odontology 105(3) 283-290.

. Holmgren C, Gaucher C, Decerle N, & Doméjean S (2014)

Minimal intervention dentistry II: part 3. Management of non-
cavitated (initial) occlusal caries lesions non-invasive approaches
through remineralisation and therapeutic sealants British Dental
Journal 216(5) 237-243.

Schwendicke F, Splieth C, Breschi L, Banerjee A, Fontana M,
Paris S, Burrow MF, Crombie F, Page LF, Gatén-Hernandez
P, Giacaman R, Gugnani N, Hickel R, Jordan RA, Leal S,
Lo E, Tassery H, Thomson WM, & Manton DJ (2019) When
to intervene in the caries process? An expert Delphi consensus
statement Clinical Oral Investigations 23(10) 3691-3703

Samuel SR, Dorai S, Khatri SG, & Patil ST (2016) Effect of ozone
to remineralize initial enamel caries: In situ study Clinical Oral
Investigations 20(5) 1109-1113.

Banerjee A (2017) ‘Minimum intervention’ - MI inspiring future
oral healthcare? British Dental Journal 223(3)133-135.

Tao S, Zhu Y, Yuan H, Tao S, Cheng Y, Li J, & He L (2018)
Efficacy of fluorides and CPP-ACP vs fluorides monotherapy on
early caries lesions: A systematic review and meta-analysis PLoS
ONE 13(4) €0196660.

Ekstrand KR, Ricketts DN, & Kidd EA (1997) Reproducibility
and accuracy of three methods for assessment of demineralization
depth of the occlusal surface: An i vitro examination Caries

Research 31(3) 224-231.

Ismail AL, Sohn W, Tellez M, Amaya A, Sen A, Hasson H, & Pitts
NB (2007). The International Caries Detection and Assessment
System (ICDAS): An integrated system for measuring
dental caries Community Dentistry and Oral Epidemiology 35(3)
170-178.

Kockanat A & Unal M (2017) In vivo and in vitro comparison of
ICDAS II, DIAGNOdent pen, CarieScan PRO and SoproLife
camera for occlusal caries detection in primary molar teeth
European Journal of Paediatric Dentistry 18(2) 99-104.

Ekstrand KR (2004) Improving clinical visual detection--potential
for caries clinical trials Journal of Dental Research 83(Spec No C)
C67-71.

$S8008 98] BIA |,0-60-GZ0Z 1 /woo Aiojoeignd-poid-swnd-yrewssiem-jpd-swiid//:sdny woll papeojumo(



266

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Diniz MB, Rodrigues JA, Hug I, Cordeiro R de C, & Lussi
A (2009) Reproducibility and accuracy of the ICDAS-II for
occlusal caries detection Community Dentistry Oral Epidemiology

37(5) 399-404.

Tassoker M, Ozcan S, & Karabekiroglu S (2020) Occlusal
caries detection and diagnosis using visual ICDAS criteria,
laser fluorescence measurements, and near-infrared light
transillumination images Medical Principles and Practice 29(1)
25-31.

Macey R, Walsh T, Riley P, Glenny A, Worthington HV, Clarkson
JE, & Ricketts D (2018) Tests to detect and inform the diagnosis of
caries Cochrane Database of Systematic Reviews 12.

Christian B, Amezdroz E, Calache H, Gussy M, Sore R, & Waters
E (2017) Examiner calibration in caries detection for populations
and settings where in vivo calibration is not practical Community
Dental Health Journal 34(4) 248-253.

Lussi A, Hibst R, & Paulus R (2004) DIAGNOdent: An optical
method for caries detection Journal Dental Research 83(Special
number C) C80-83.

Novaes TF, Matos R, Gimenez T, Braga MM, De Benedetto
MS, & Mendes FM (2012) Performance of fluorescence-based
and conventional methods of occlusal caries detection in primary
molars—an in vitro study International Journal of Paediatric Dentistry
22(6) 459-466.

Angnes V, Angnes G, Batisttella M, Grande RH, Loguercio AD,
& Reis A (2005) Clinical effectiveness of laser fluorescence, visual
inspection and radiography in the detection of occlusal caries
Caries Research 39(6) 490-495.

Pourhashemi SJ, Jafari A, Motahhari P, Panjnoosh M, Kharrazi
Fard M]J, Sanati I, Sahadfar M, & Pariab M (2009) An in-vitro
comparison of visual inspection, bite-wing radiography, and laser
fluorescence methods for the diagnosis of occlusal caries Fournal
of the Indian Society of Pedodontics and Preventive Dentistry 27(2)
90-93.

Rodrigues JA, Hug I, Neuhaus KW, & Lussi A (2011) Light-
emitting diode and laser fluorescence-based devices in detecting
occlusal caries Journal of Biomedical Optics 16(10) 107003.

Costa AM, Paula LM, & Bezerra AC (2008) Use of Diagnodent
for diagnosis of non-cavitated occlusal dentin caries Fournal of
Applied Oral Science 16(1) 18-23.

Diniz MB, Boldieri T, Rodrigues JA, Santos-Pinto L, Lussi A,
& Cordeiro RC (2012) The performance of conventional and
fluorescence-based methods for occlusal caries detection: An in
vivo study with histologic validation Fournal of American Dental
Association 143(4) 339-350.

Fung L, Smales R, Ngo H & Mount G (2004) Diagnostic
comparison of three groups of examiners using visual and laser
fluorescence methods to detect occlusal caries in vitro Australian

Dental Journal 49(2) 67-71.

Bader JD & Shugars DA (2004) A systematic review of the
performance of a laser fluorescence device for detecting caries
Journal of American Dental Association 135(10) 1413-1426

Goel A, Chawla HS, Gauba K, & Goyal A (2009) Comparison of
validity of DIAGNOdent with conventional methods for detection
of occlusal caries in primary molars using the histological gold

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

4.

45.

Operative Dentistry

standard: An in vivo study Journal of the Indian Society of Pedodontics
and Preventive Dentistry 27 (4) 227-234.

Gomez J, Tellez M, Pretty IA, Ellwood RP, & Ismail Al (2013)
Non-cavitated carious lesions detection methods: A systematic
review Community Dentistry and Oral Epidemiology 41(1) 55-66.

Neuhaus KW, Rodrigues JA, Seemann R, & Lussi A (2012)
Detection of proximal secondary caries at cervical class II-
amalgam restoration margins i vitro Journal of Dentisiry 40(6)
493-499.

Nokhbatolfoghahaie H, Alikhasi M, Chiniforush N, Khoei F,
Safavi N, & Yaghoub Zadeh B (2013) Evaluation of accuracy of
DIAGNOdent in diagnosis of primary and secondary caries in

comparison to conventional methods Fournal of Lasers in Medical
Science 4(4) 159-167.

Teo TK, Ashley PF, & Louca C (2013) An i vivo and in vitro
investigation of the use of ICDAS, DIAGNOdent pen and
CarieScan PRO for the detection and assessment of occlusal

caries in primary molar teeth Clhinical Oral Investigations 18(3)
737-744.

Jablonski-Momeni A, Ricketts DN, Rolfsen S, Stoll R, Heinzel-
Gutenbrunner M, Stachniss V, & Pieper K (2011) Performance of
laser fluorescence at tooth surface and histological section Lasers
in Medical Science 26(2) 171-178.

Katge F, Wakpanjar M, Rusawat B, & Shetty A (2016)
Comparison of three diagnostic techniques for detecting occlusal
dental caries in primary molars: An in vivo study Indian Fournal of

Dental Research 27(2) 174-177.

Gomez J (2015) Detection and diagnosis of the early caries lesion
BMC Oral Health 15(Supplement 1) S3.

Morais AP, Pino AV, & Souza MN (2016) Detection of questionable
occlusal carious lesions using an electrical bioimpedance method
with fractional electrical model Review of Scientific Instruments

87(8) 084305.

Eldarrat AH, High AS, & Kale GM (2010) Age-related changes
in ac-impedance spectroscopy studies of normal human dentine:
Further investigations fournal of Materials Science: Malterials in
Medicine 21(1) 45-51.

Pretty IA & Ellwood RP (2013) The caries continuum:
Opportunities to detect, treat and monitor the re-mineralization
of early caries lesions Journal of Dentistry 41(Supplement 2)
S12-S21.

Jablonski-Momeni A, Heinzel-Gutenbrunner M, Haak R,
& Krause F (2017) Use of AC impedance spectroscopy for
monitoring sound teeth and incipient carious lesions Clinical Oral
Investigations 21(8) 2421-2427.

Achilleos EE, Rahiotis C, Kakaboura A, & Vougiouklakis G
(2013) Evaluation of a new fluorescence based device in the
detection of incipient occlusal caries lesions Lasers in Medical
Science 28(1) 193-201.

Jablonski-Momeni A, Stachniss V, Ricketts DN, Heinzel-
Gutenbrunner M, & Pieper K (2008) Reproducibility and
accuracy of the ICDAS-II for detection of occlusal caries i vitro
Caries Research 42(2) 79-87.

Mortensen D, Dannemand K, Twetman S, & Keller MK (2014)
Detection of non-cavitated occlusal caries with impedance

$S8008 98] BIA |,0-60-GZ0Z 1 /woo Aiojoeignd-poid-swnd-yrewssiem-jpd-swiid//:sdny woll papeojumo(



Melo & Others: Impedance Spectroscopy and Noncavitated Carious 267

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

spectroscopy and laser fluorescence: An in vitro study Open
Dentistry Journal 8 28-32.

Ghoncheh Z, Zonouzy Z, Kiomarsi N, Kharazifar MJ, &
Chiniforush N (2017) In vitro comparison of diagnostic accuracy of
DIAGNOdent and digital radiography for detection of secondary
proximal caries adjacent to composite restorations JFournal of
Lasers in Medical Science 8(4) 172-176.

Rechmann P, Rechmann BM, & Featherstone JD (2012) Caries
detection using light-based diagnostic tools Compendium of
Continuing Education in Dentistry 33(8) 582-584, 586, 588-593; quiz
594, 596.

Pereira AC, Eggertsson H, Martinez-Mier EA, Mialhe FL, Eckert
GJ, & Zero DT (2009) Validity of caries detection on occlusal
surfaces and treatment decisions based on results from multiple
caries detection methods European Journal of Oral Science 117(1)
51-57.

Baltacioglu IH & Orhan K (2017) Comparison of diagnostic
methods for early interproximal caries detection with near-
infrared light transillumination: An in vivo study BMC Oral Heatlh
17(1) 130.

Melo M, Pascual A, Camps I, Ata-Ali F, & Ata-Ali J (2019)
Combined near-infrared light transillumination and direct digital
radiography increases diagnostic in approximal caries Scientific
Reports 9(1) 14224.

ten Bosch JJ & Angmar-Mansson B (2000) Characterization and
validation of diagnostic methods Monographs in Oral Science 17
174-189.

Theocharopolou A, Lagerweij MD, & van Strijp AJ (2015) Use of
the ICDAS system and two fluorescence-based intraoral devices
for examination of occlusal surfaces European Fournal of Paediatric
Dentistry 16(1) 51-55.

Rechmann P, Rechmann BM, & Featherstone JD (2012) Caries
detection using light-based diagnostic tools Compendium of
Continuing Education in Dentistry 33(8) 582-584, 586, 588-93; quiz
594, 596.

Zaidi I, Somani R, Jaidka S, Nishad M, Singh S, & Tomar D
(2016) Evaluation of different diagnostic modalities for diagnosis
of dental caries: An in vivo study International Journal of Paediatric
Dentistry 9(4) 320-325.

Bottenberg P, Jacquet W, Behrens C, Stachniss V, & Jablonski-
Momeni A (2016) Comparison of occlusal caries detection using
the ICDAS criteria on extracted teeth or their photographs BMC
Oral Health 16(1) 93.

Singh R, Tandon S, Rathore M, Tewari N, Singh N, & Shitoot
AP (2016) Clinical performance of ICDAS II, radiovisiography,
and alternating current impedance spectroscopy device for the
detection and assessment of occlusal caries in primary molars

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Journal of the Indian Society of Pedodontics and Preventive Dentistry
34(2) 152-158.

Castilho LS, Cotta FV, Bueno AC, Moreira NA, Ferreira EF,
& Magalhaes CS (2016) Validation of DIAGNOdent laser
fluorescence and the International Caries Detection and
Assessment System (ICDAS) in diagnosis of occlusal caries in

permanent teeth: An in vivo study European Journal of Oral Science
124(2) 188-194.

Reis A, Mendes FM, Angnes V, Angnes G, Grande RH, &
Loguercio AD (2006) Performance of methods of occlusal caries
detection in permanent teeth under clinical and laboratory
conditions Journal of Dentistry 34(2) 89-96.

Cortes DF, Ellwood RP, & Ekstrand KR (2003) An wn witro
comparison of a combined FOTI/visual examination of occlusal
caries with other caries diagnostic methods and the effect of stain
on their diagnostic performance Caries Research 37(1) 8-16.

Lennon AM, Buchalla W, Switalski L, & Stookey GK (2009)
Residual caries detection using visible fluorescence Caries Research

36(5) 315-319.

Hibst R, Paulus R, & Lussi A (2001) Detection of occlusal caries
by laser fluorescence: Basic and clinical investigations Medical

Laser Application 16(3) 205-213.

Robinson C, Hallsworth AS, Shore RC, & Kirkham ] (1990)
Effect of surface zone deproteinization on the access of mineral
ions into subsurface carious lesions of human enamel Caries

Research 24(4) 226-230.

Kochan S, Longbottom C, Pitts NB, & Czajcynska-Waszkiewicz
P (2007) Morphology of natural carious lesions related to AC
impedance characteristic of teeth Caries Research 41(4) 295
abstract 77.

Kataoka S, Sakuma S, Wang J, Yoshihara A, & Miyazaki H
(2007) Changes in electrical resistance of sound fissure enamel
in first molars for 66 months from eruption Caries Research 41(2)
161-164.

Unal M, Kogkanat A, Giiler S, & Giiltiirk E (2019) Diagnostic
performance of different methods in detecting incipient non-
cavitated occlusal caries lesions in permanent teeth Fournal of
Clinical Pediatric Dentistry 43(3) 173-179.

Slayton RL, Urquhart O, Araujo MWB, Fontana M, Guzman-
Armstrong S, Nascimento MM, Novy BB, Tinanoff N, Weyant
RJ, Wolff MS, Young DA, Zero DT, Tampi MP, Pilcher L,
Banfield L, & Carrasco-Labra A (2018) Evidence-based clinical
practice guideline on nonrestorative treatments for carious

lesions: A report from the American Dental Association fournal
of American Dental Association 149(10) 837-849.

$S8008 98] BIA |,0-60-GZ0Z 1 /woo Aiojoeignd-poid-swnd-yrewssiem-jpd-swiid//:sdny woll papeojumo(



