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ABSTRACT

The aim of this study was to compare the efficacy of the ICDAS and the DIAGNOdent Pen in
the diagnosis of occlusal caries lesions without cavitation, and for basing treatment decisions on the
results obtained. Eighty permanent molar teeth that were healthy and non-cavitated or that had an
initial occlusal lesion were evaluated. All teeth were investigated using DIAGNOdent Pen and ICDAS by
four examiners. Histological evaluation of teeth was performed using stereomicroscopy by a histologist
and different experienced dentist. For evaluation of the data, weighted kappa values (kw), sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV) and likelihood ratio (LR+)
values of the tests were calculated. The diagnostic results obtained using the DIAGNOdent Pen were
found to correlate better with the results obtained from histological sections than those obtained using
ICDAS. When the treatment decisions of the observers depending on the results of ICDAS, and ICDAS and
DIAGNOdent Pen combination were compared with the decisions made based on histological examinations,
the decisions based on ICDAS and DIAGNOdent Pen combined (kw: 0.522) were more accurate than the
ones based on ICDAS (kw: 0.415) alone. In conclution, professional experience is an effective factor in
diagnosing occlusal caries lesions without cavitation with ICDAS and in making treatment decisions for
them. DIAGNOdent Pen is sufficient in diagnosing occlusal caries lesions without cavitation.
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RESUMEN

El objetivo de este estudio fue comparar la eficacia de ICDAS y de DIAGNOdent Pen en el
diagnostico de lesiones de caries oclusales no cavitadas. Ochenta molares permanentes sanos y no
cavitados fueron utilizados. Todos los dientes fueron investigados usando DIAGNOdent Pen e ICDAS por
cuatro examinadores. La evaluacion histoldgica de los dientes se realiz mediante estereomicroscopia
por un histdlogo y por un dentista con previa experiencia. Los resultados diagnosticos obtenidos con
el DIAGNOdent Pen se correlacionan mejor con los resultados obtenidos a partir de las secciones
histologicas cuando comparados a los obtenidos utilizando ICDAS. Las decisiones basadas en el uso
combinado de ICDAS y DIAGNOdent Pen (kw: 0.522) fueron mas precisas que los basados en ICDAS
(kw: 0.415). En conclusion, la experiencia profesional es un factor eficaz en diagnostico de lesiones de
caries oclusal sin cavitacion con ICDAS y en la toma de decisiones de tratamiento. DIAGNOdent Pen es
una herramienta confiable para diagnosticar lesiones de caries oclusales sin cavitacion.
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INTRODUCTION

Though the prevalence of caries has
decreased in most Western countries, the incidence
of occlusal caries has increased (1,2). Fluoride
slows the development of enamel lesion by the
well-known process of remineralization, which can
mask the development of caries in dentin (3).
Accordingly, non- cavitated occlusal dentine lesions
may not be diagnosed by visual examination (4) .
These lesions are called hidden caries or caries
of fluoride (5,6). The hidden caries is a major
problem for dentistry because of the difficulty in
standardizing the diagnosis and consequently to
establish a treatment plan and prevention (7).The
diagnosis of initial lesions on the occlusal surfaces
is especially difficult for dentists (8). The pits and
fissures on the occlusal surface do not allow
access to oral hygiene assistants, and provide
a convenient environment for the development
of caries since they are a suitable place to trap
microorganisms (9). The diagnosis of caries is
important when making treatment decisions. Faulty
diagnosis can lead to incorrect treatment decisions.
While non-cavitated lesions can be restored later,
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large hidden dentin lesions can go unnoticed and
restoration may not be possible later.

Correct diagnosis of caries lesions is one
of the important factors for preventive treatment
planning (10). Traditionally, the diagnosis of caries
of the occlusal surfaces of the permanent molar
teeth has been done using mirrors and probes.
However, the use of probe in the diagnosis of
caries is not considered optimal as it can allow
the passage of cariogenic flora from the infected
area to another region, and cause irreversible
traumatic defect in the potential remineralization
area; moreover, the results are not more accurate
than with visual examination (11-13). Various
researchers have visually evaluated the enamel for
translucency, opacity, discoloration, and cavitation,
and used the findings for the diagnosis of caries (13-
15). Visual examination is subjective and depends
on the clinician's experience and education.

Over time, visual inspection criteria
used in the past have become inadequate and
new visual criteria have been developed. In
2002, the International Caries Detection and
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Assessment System (ICDAS) classification criteria
were presented taking into account the most
characteristic features of tooth caries. ICDAS is
a clinical scoring system for dentistry education,
clinical practice, and research and epidemiological
studies that enables the detection and evaluation
of dental caries (16-19). It is important to
standardize the visual examination and prevent
inconsistencies between the diagnoses of different
dentists, and ICDAS provides a standardized caries
diagnosis and assessment system (20). It was
reorganized in 2005 and named ICDAS IlI. The
ICDAS is a two-stage process of the diagnosis of
caries on coronal tooth surfaces. The first step is
to determine whether the tooth is sound, sealed,
or restored. The second step is the determination
of the level of caries (21).

One of the most important steps in the
practice of preventive dentistry is the early
diagnosis of caries lesions (9). The limitation in
traditional methods has led to the development of
new methods and devices to help detect caries.
For this purpose, a DIAGNOdent device (KaVo,
Biberach, Germany) using the principle of laser
fluorescence was introduced and presented to
physicians in 1998. In the following years, the
deficiencies of this device became evident, and
recently, the DIAGNOdent Pen (KaVo, Biberach,
Germany) device has been introduced in 2005,
which is more practical, smaller in size than the
DIAGNOdent device and designed as a hand piece.
The DIAGNOdent Pen measures the depth of the
caries lesion and gives it a numerical value. The
tooth surface is irradiated with a red light produced
by the diode laser and transmitted to the tooth
through optical fiber. The laser light is absorbed
by the tooth surface and then reflected due to
the fluorescence property of the tooth structure.
The fluorescence intensity reflected from the
demineralized area is higher than that from a strong
tooth structure. Moreover, the fluorescence emitted
from the metabolites (porphyrins) of bacteria in the
demineralized area has a wavelength close to red

light. The fluorescence is translated into numeric
values, and manifests as a high number on the
digital screen of the DIAGNOdent Pen. Thus, a high
DIAGNOdent Pen value is obtained in deep caries
lesions (22).

The performance of diagnostic tests, that
is their ability to detect a person with disease
or exclude a person without disease, is usually
described by terms such as sensitivity, specificity,
PPV (positive predictive value) and NPV (negative
predictive value) (23). The sensitivity of a test is
defined as the proportion of people with disease
who will have a positive result. The specificity
of a test is the proportion of people without
the disease who will have a negative result. The
positive predictive value (PPV) of a test is defined
as theproportion of people with a positive test result
who actually have the disease. The NPV of a test is
the proportion of people with a negative test result
who do not have disease (24).

The aim of this study was to compare the
efficacy of the ICDAS and the DIAGNOdent Pen in
the diagnosis of occlusal caries lesions without
cavitation, and for basing treatment decisions on
the results obtained.

MATERIALS AND METHODS
PREPARATION OF SAMPLES

Ethical approval was obtained from the Ethics
Committee of the University of Ordu (2018-202).
Eighty-four healthy permanent molar teeth and
non-cavitated or that had an initial occlusal lesion
on visual inspection using a 2.5x magnification
loop were included in this in-vitro study. The teeth
were kept in saline solution until examination.

The calculus and residues on the teeth
were cleaned using prophylactic paste and
air-water spray. Four teeth that had occlusal
cavitation, hypoplastic fissures, fissure sealants,
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wide occlusal discolorations, and a proximal caries
close to the marginal borders were excluded
from this study. The points to be examined in the
fissures were determined. The occlusal surfaces
were photographed.

Four observers participated in the study. The
first and second observers were dentists with 1
to 5 years of experience in the field of restorative
dentisty. The third and fourth observers were
dentist with 15-20 years of experience in the field
of restorative dentisty. Before the study, the first
and second observers were given training on ICDAS
and the DIAGNOdent Pen. Apart from the teeth
used in the study, ICDAS and the DIAGNOdent Pen
were used by examiner 1 and examiner 2 on 10
non-cavitated molar teeth for preparation before
the study.

EVALUATION WITH ICDAS

The sites determined in the occlusal region
for evaluation were assessed by the four observers
using the following ICDAS criteria.

¢ 0: Sound tooth surface: No evidence of caries
after 5 sec air drying.

e 1: First visual change in enamel: Opacity or
discoloration is visible at the entrance to the pit
or fissure seen after prolonged air drying.

e 2: Distinct visual change in enamel visible when
wet, lesion must be visible when dry.

¢ 3: Localized enamel breakdown in opaque or
discoloured enamel.

e 4: Underlying dark shadow from dentine.

ICDAS codes were assigned to the site as
follows: Code 0:“Sound”; Code 1and 2: “Enamel
caries”: Code 3 and 4: “Dentine caries”.

EVALUATION WITH DIAGNODENT PEN

This device was used in conjunction with
the cylinder type suitable for occlusal surfaces in
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accordance with the manufacturer’s instructions.
The instrument was calibrated individually for
each tooth. The DIAGNOdent Pen was placed
perpendicular to the predetermined point on the
occlusal surface. It was turned around its long axis
to record the highest value. Three consecutive
recordings were taken and the average value was
recorded as the final value for this region. After
one day, the four observers repeated this process.
A previous study by Lussi and Hellwing was taken
as reference for the DIAGNOdent Pen thresholds
(DIAGNOdent PEN values 0-6: “Sound”, 7-17:
“Enamel caries”, 18-99: “Dentin caries”).

HISTOLOGIC EXAMINATION

The teeth were cut under running water with
a low-speed cutting machine (Isomet, Buehler,
Lake Bluff, IL, USA) in the buccolingual direction,
passing through the centers of the areas evaluated
with ICDAS and the DIAGNOdent Pen. Thus, the
deepest region of the caries lesion was exposed.
The sections obtained were evaluated using a
stereomicroscope (Nikon Eclipse Ni) by a histologist
and an experienced dentist at 10x magnification.

The results obtained from all evaluation
methods were classified under the same groups
(0: “Sound”, 1: “Enamel caries”, 2: “Dentin caries”)
for statistical analysis.

TREATMENT DECISIONS

Based on the caries diagnosis obtained by
ICDAS, the treatment decision of each observer
was recorded. Later, the treatment decision of
each observer was recorded based on diagnosis
using the DIAGNOdent Pen combined with ICDAS
(0: “no treatment needed” 1: “protective fluoride
application” 2: “minimally invasive approach”
3: “occlusal restoration”). Based on the depth
and width of the caries lesion on histological
section, the treatment decision made by a
different experienced physician was accepted as
the gold standard.
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STATISTICAL ANALYSIS

Statistical analysis was performed using the
Number Cruncher Statistical System (NCSS) 2007
statistical software (NCSS, Utah, USA) package
program. For evaluation of the data, weighted
kappa values (kw) were calculated to determine
the intra-observer and inter-observer accordance
with respect to the number of years in the
profession. Descriptive statistical methods such as
frequency and percentage distributions were also
used. Weighted kappa values were calculated for
the agreement between ICDAS and DIAGNOdent
Pen results, and histological results. Sensitivity,
specificity, positive predictive value (PPV), negative
predictive value (NPV), test accuracy and likelihood
ratio (LR+) values of the tests were calculated. The
results were analyzed and significance level was
set at p <0.05 with a confidence interval of 95%.

The results were classified as follows (25):

e |f <0.20, “Poor Compatibility”.

e |n the range of 0.21-0.40, “Compatibility Under
Average”.

e|n the range of 0.41-0.60,
Compatibility”.

e |n the range of 0.61-0.80, “Good Compatibility”.

e Intherangeof0.81-1.00, “Perfect Compatibility".

“Intermediate

RESULTS

Histological evaluation revealed that out
of the 80 molar teeth without occlusal surface
cavitation, 16 were found to be sound, 29 had enamel
caries, and 35 had dentin caries. Diagnostic results
obtained using the ICDAS and DIAGNOdent Pen
by the participating observers and the diagnostic
results of histology are shown in Table 1.

The intra- and inter-observer weighted
kappa values of the diagnostic results obtained
with ICDAS and the DIAGNOdent Pen are shown
in Table 2. According to the weighted kappa

values, the intra-observer compatibility of the
first and second observers with one to five years
of experience in the profession was found to be
“Compatibility Under Average.” Intra-observer
compatibility of the third and fourth observers with
15-20 years of professional experience was found
to be “Good Compatibility”. However, diagnostic
results obtained using the DIAGNOdent Pen
showed that the intra-observer compatibility of the
four observers was at a “Perfect Compatibility.”
While the inter-observer compatibility of the third
and fourth observers with an experience of 15-
20 years was high as per the weighted kappa
values, the first and second observers with an
experience of one to five years had lower inter-
observer compatibility, both when compared with
themselves and with the more experienced third
and fourth observers. Diagnostic results obtained
using the DIAGNOdent Pen had good and perfect
inter-observer compatibility levels.

The correlation of the diagnostic results
obtained by the observers using ICDAS and
the DIAGNOdent Pen with each other and with
the histology results is shown in Table 3. While
the correlation between the diagnostic results
obtained using ICDAS and the DIAGNOdent Pen of
the observers with 15-20 years of experience was
good, it was poor for the results obtained by the
observers with one to five years of experience.

The diagnostic results obtained using the
DIAGNOdent Pen were found to correlate better
with the results obtained from histological sections
than those obtained using ICDAS.

Sensitivity, specificity, PPV, NPV, and LR
values calculated by comparing the diagnostic
results obtained using ICDAS and the DIAGNOdent
Pen with the histological section results are shown
in Table 4. It was seen that observers with 15-20
years of professional experience who diagnosed
occlusal caries using ICDAS were more accurate
than those with one to five years of professional
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experience in diagnosing both dentin and enamel
caries. Regarding to sensitivity and specificity,
diagnostic results obtained using the DIAGNOdent
Pen were more accurate than those obtained using
ICDAS. The possibility of enamel caries diagnosis
made by ICDAS was found to be 2.06 times higher
than to the no caries diagnosis (LR+). However, the
possibility of an enamel caries diagnosis made by
DIAGNOdent was found to be 12.14 times higher
than to the no caries diagnosis.

Table 5 shows the treatment decisions made
by the observers according to the diagnostic results
obtained using ICDAS, ICDAS with DIAGNOdent
Pen, and the histological section results. Based
on the histological results, 16 out of 80 teeth with
non-cavitated occlusal surface underwent “no
treatment,” 18 were given “fluoride application,”
35 underwent “minimally invasive application,” and
11 underwent “restoration.” Based on histology
results, fluoride treatment decisions using both
ICDAS, and ICDAS and DIAGNOdent Pen combination
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were a success for all observers. However,
experienced dentists were more successful than
those inexperienced in making restoration treatment
decisions. Restorative treatment decisions using
the DIAGNOdent Pen in conjunction with ICDAS
were also found to be more successful than
restorative treatment decisions based on diagnosis
using ICDAS alone.

The correspondence between the treatment
decisions made as per the results of the histological
section and as per the results obtained using
ICDAS and DIAGNOdent Pen is shown in Table 6.
According to this, the compatibility of the treatment
decisions of the first and second observers with one
to five years of experience based on histological
sections and ICDAS results were lower than
average. The compatibility between the treatment
decisions made according to the diagnostic results
obtained by the same observers from ICDAS and
DIAGNOdent Pen, and histological sections was
increased to an average level.
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Table 1. Diagnostic results obtained using the ICDAS and DIAGNOdent Pen by the participating observers
and the diagnostic results of histology.

1.Examination 2.Examination
n % n %
ICDAS Examiner 1 Sound 8 10.00 26 32.50
Enamel Caries 51 63.75 43 53.75
Dentin Caries 21 26.25 11 13.75
Examiner 2 Sound 20 25.00 13 16.25
Enamel Caries 47 58.75 46 57.50
Dentin Caries 13 16.25 21 26.25
Examiner 3 Sound 14 17.50 15 18.75
Enamel Caries 34 42.50 35 43.75
Dentin Caries 32 40.00 30 37.50
Examiner 4 Sound 17 21.25 12 15.00
Enamel Caries 26 32.50 35 43.75
Dentin Caries 37 46.25 33 41.25
Diagnodent Pen Examiner 1 Sound 18 22.50 16 20.00
Enamel Caries 34 42.50 32 40.00
Dentin Caries 28 35.00 32 40.00
Examiner 2 Sound 16 20.00 18 22.50
Enamel Caries 34 42.50 34 42.50
Dentin Caries 30 37.50 28 35.00
Examiner 3 Sound 18 22.50 16 20.00
Enamel Caries 33 41.25 32 40.00
Dentin Caries 29 36.25 32 40.00
Examiner 4 Sound 18 22.50 16 20.00
Enamel Caries 33 41.25 31 38.75
Dentin Caries 29 36.25 33 41.25
Histologic examination Sound 16 20.00 - -
Enamel Caries 29 36.25 - -
Dentin Caries 35 43.75 - -
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Table 2. The intra- and inter-observer weighted kappa values of the diagnostic results obtained with
ICDAS and the DIAGNOdent Pen.

KwW P

Intra examiner kappa values  ICDAS Examiner 1 0.257 0.0001
Examiner 2 0.244 0.002

Examiner 3 0.743 0.0001

Examiner 4 0.665 0.0001

DIAGNOdent Pen Examiner 1 0.671 0.0001
Examiner 2 0.670 0.0001

Examiner 3 0.651 0.0001

Examiner 4 0.748 0.0001

Interexaminer kappa values ~ ICDAS Examiner 1/ Examiner 2 0.216 0.002
Examiner 1/ Examiner 3 0.238 0.001

Examiner 1/ Examiner 4 0.173 0.006

Examiner 2/ Examiner 3 0.196 0.006

Examiner 2/ Examiner 4 0.200 0.001

Examiner 3/ Examiner 4 0.664 0.0001

Examiner 1,2 / Examiner 3,4 0.204 0.001

DIAGNOdent Pen Examiner 1/ Examiner 2 0.670 0.0001
Examiner 1/ Examiner 3 0.971 0.0001

Examiner 1/ Examiner 4 0.922 0.0001

Examiner 2/ Examiner 3 0.680 0.0001

Examiner 2/ Examiner 4 0.709 0.0001

Examiner 3/ Examiner 4 0.932 0.0001

Examiner 1,2 / Examiner 3,4 0.840 0.0001

Table 3. The correlation of the diagnostic results obtained by the observers using ICDAS and the
DIAGNOdent Pen with each other and with the histology results.

KW P
ICDAS/DIAGNOdent Pen Examiner 1,2 0.176 0.001
Examiner 3,4 0.584 0.0001
All Examiners 0.381 0.0001
|ICDAS/Histology Examiner 1,2 0.233 0.001
Examiner 3,4 0.686 0.0001
All Examiners 0.451 0.0001
DIAGNOdent Pen/ Examiner 1,2 0.758 0.0001
Histology Examiner 3,4 0.807 0.0001
All examiners 0.782 0.0001
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Tablo 4. Sensitivity, specificity, PPV, NPV, and LR values calculated by comparing the diagnostic results
obtained using ICDAS and DIAGNOdent Pen with the histological section results.

Sensitivity  Specificity PPV NPV Accuracy LR(+)

Histology / ICDAS Enamel caries 0.79 0.44 0.72 0.54 0.67 1.41
(1-5 Years) Dentin caries 0.37 0.44 0.59 0.24 0.39 0.66
All results 0.54 0.36 0.72 0.30 0.49 0.94

Histology / ICDAS Enamel caries 0.88 0.75 0.86 0.77 0.83 3.52
(15-20 Years) Dentin caries 0.87 0.75 0.88 0.73 0.83 3.49
All results 0.87 0.60 0.87 0.60 0.80 217
Histology / DIAGNOdent  Enamel caries 0.97 0.91 0.95 0.94 0.94 10.30
(1-5 Years) Dentin caries 0.77 0.91 0.95 0.64 0.81 8.23
All results 0.85 0.81 0.94 0.62 0.84 4.40
Histology / DIAGNOdent  Enamel caries 0.93 0.91 0.96 0.83 0.93 10.24
(15-20 Years) Dentin caries 0.81 0.91 0.97 0.61 0.84 8.96
All results 0.87 0.91 0.97 0.64 0.88 9.53

Histology / ICDAS Enamel caries 0.84 0.59 0.79 0.67 0.75 2.06
Dentin caries 0.62 0.59 0.77 0.42 0.61 1.53

All results 0.70 0.48 0.80 0.45 0.65 1.55
Histology / DIAGNOdent ~ Enamel caries 0.95 0.92 0.96 0.91 0.94 12.14
Dentin caries 0.79 0.92 0.96 0.67 0.83 10.15

All results 0.86 0.86 0.96 0.63 0.86 5.94

ODOVTOS-Int. J. Dent. Sc. | No. 20-3: 81-95, 2018. ISSN:1659-1046. 89



ODOVTOS-International Journal of Dental Sciences

Tablo 5. Treatment decisions made by the observers according to the diagnostic results obtained using
ICDAS, ICDAS with DIAGNOdent Pen, and the histological section results.

Examination

n %

ICDAS Examiner 1 No treatment needed 11 13.75
Protective fluoride application 36 45.00

Minimally invasive approach 28 35.00

Occlusal restoration 5 6.25

Examiner 2 No treatment needed 9 11.25
Protective fluoride application 37 46.25

Minimally invasive approach 26 32.50

Occlusal restoration 8 10.00

Examiner 3 No treatment needed 14 17.50
Protective fluoride application 28 35.00

Minimally invasive approach 34 42.50

Occlusal restoration 15 18.75

Examiner 4 No treatment needed 9 11.25
Protective fluoride application 29 36.25

Minimally invasive approach 27 33.75

Occlusal restoration 15 18.75

DIAGNOdent Pen Examiner 1 No treatment needed 17 21.25
Protective fluoride application 30 37.50

Minimally invasive approach 5 6.25

Occlusal restoration 28 35.00

Examiner 2 No treatment needed 17 21.25
Protective fluoride application 28 35.00

Minimally invasive approach 5 6.25

Occlusal restoration 30 37.50

Examiner 3 No treatment needed 15 18.75
Protective fluoride application 27 33.75

Minimally invasive approach 15 18.75

Occlusal restoration 23 28.75

Examiner 4 No treatment needed 16 20.00
Protective fluoride application 26 32.50

Minimally invasive approach 19 23.75

Occlusal restoration 19 23.75

Histological No treatment needed 16 20.00
Examination Protective fluoride application 18 22.50
Minimally invasive approach 35 43.75

Occlusal restoration 11 13.75
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Table 6. The correspondence between the
treatment decisions made as per the results of the
histological section and as per the results obtained
using ICDAS and DIAGNOdent Pen.

KW P

Histology/ Examiner 1,2 0.282 0.001
ICDAS Examiner 3,4 0.550 0.0001

All examiners 0.415 0.0001
Histology/ Examiner1,2 0.413 0.0001
EgﬁGNOde”t Examiner 3,4 0.637 0.0001

All examiners 0.522 0.0001
DISCUSSION

Correct diagnosis of the presence or absence
of disease is a fundamental requirement of health
care. The diagnosis of occlusal caries in the absence
of cavities is difficult and diagnostic uncertainties
can impact treatment decisions. The development
of more precise, specific, and repeatable diagnostic
tools for occlusal surfaces can greatly contribute
to the more precise planning of preventive and
restorative treatment.

While the intra-observer repeatability of
ICDAS in occlusal caries diagnosis studies using
ICDAS and the DIAGNOdent Pen have been shown
to be kw: 0.74-0.99 (26-31), the intra-observer
repeatability of the DIAGNOdent Pen in occlusal
caries is reported to be kw: 0.79-0.98 (27-30,
32-36). Intra-observer repeatability of ICDAS in
our study was kw: 0.257-0.743 and that of the
DIAGNOdent Pen was kw: 0.651-0.748. These
values are lower than the intra-observer repeatability
values in previously published studies. The reason
for this might be that while the observers in those
studies were experienced dentists, in our study,
observers with one to five years of experience
had not used the ICDAS criteria before and only
took a one-day course before the study. Moreover,
the time period between the first and second
measurements might be another factor affecting
the diagnostic results.

Table 3 shows the relationship between the
diagnostic results of ICDAS and DIAGNOdent Pen
and that of histology. The agreement between the
results of the DIAGNOdent Pen and histology was
better than that between the results of ICDAS and
histology. This situation can be explained by the
fact that ICDAS is a subjective test that shows
variation depending on the illumination setting and
the visual perception of the observer (37), whereas
the DIAGNOdent Pen is an objective method to
quantitatively assess the area examined (38).

The kappa coefficient, which is very
important to assess the repeatability of diagnostic
methods, is used to measure the inter-rater
agreement between categorical data. Repeatability,
however, may not always be important because a
repeatable diagnostic method could also be faulty.
So, sensitivity and specificity values are also
important to evaluate a diagnostic method (39). In
previous studies, the sensitivity for ICDAS ranged
from 0.73 to 1 and the specificity ranged from
0.49 to 0.91 (30,32,33,40,41). These results are
similar to sensitivity (0.87) and specificity (0.60)
values for ICDAS among observers with 15-20
years of professional experience in our study.
However, the sensitivity (0.54) and specificity
(0.36) values for ICDAS in observers with one to
five years of professional experience were lower.

In earlier studies, the sensitivity of the
DIAGNOdent Pen varied between 0.33-1 and the
specificity between 0.49-0.97 (30,32,33,40-44).
Our results were similar. Sensitivity (0.86) and
specificity (0.86) values of DIAGNOdent Pen were
higher than that of ICDAS. Even if the design of
the study was in-vitro, they are several limitations
regarding study comparability, mainly due to the
potential confounders associated to the specific
methodology employed. The variability of sensitivity
and specificity values of the DIAGNOdent Pen may
be due to the differences in the solutions in which
the extracted teeth were held, the duration for
which they were held, the holding temperature,
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the calibration of the device, and the differences
between the threshold values (42). In addition,
the PPV of ICDAS and the DIAGNOdent Pen were
0.80 and 0.96, respectively, and the NPV of
ICDAS and the DIAGNOdent Pen were 0.45 and
0.63, respectively. The PPV and NPV describe the
performance of a diagnostic test and they depend
on the prevalence of the disease tested. When
the prevalence increases, PPV increases and NPV
decreases. This is capital when analyzing caries,
since its prevalence is rather high in all populations
across the world (17).

When the treatment decisions of the observers
depending on the results of ICDAS, and ICDAS and
DIAGNOdent Pen combination were compared
with the decisions made based on histological
examinations, the decisions based on ICDAS and
DIAGNOdent Pen combined (kw: 0.522) were
more successful than the ones based on ICDAS
(kw: 0.415) alone. Observers with professional
experience of one to five years made a treatment
decision of restoration for five out of 35 cases
based on ICDAS (which were diagnosed as dentin
caries after histological examination), whereas the
number was 28 when ICDAS and DIAGNOdent Pen
were used together. It is natural that there will
be variability in the treatment of occlusal caries
depending on the diagnosis made by the dentist.
Nevertheless, even when the diagnoses are similar,
there may be variations in treatment modalities
chosen (45). Assessment of lesion activity, in
particular, is essential to make the choice between
preventive applications and restorative treatment.
However, since ours was an in vitro study, lesion
activity was not taken into consideration when the
treatment decision was made.

There are many reasons for these differences

in treatment decisions. Correct diagnosis of caries
is the most important one. Factors such as age,
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experience, and educational status of the dentists
also influence the decision-making process (46).

Conventional methods of diagnosing dental
decay, such as use of the dental explorer or bite-
wing radiographs, are often ineffective in detecting
enamel defects, as they may be too small or
inaccessible to the diagnostic tool (47).

Although using sharp explorers can better
distinguishbetween standards of differentroughness
(48). They have been pointed out as inappropriate
tools for assessing dental lesions because they can
irreversibly damage enamel. Despite this fact, many
dentists still use these tools for tactile examinations
(49, 50). Early caries diagnosis is a key factor in
the prevention and management of dental caries.
The change in the paradigm to minimally invasive
dentistry has ascertained the field of dentistry to a
more preventive approach to caries management,
which demands a proper caries risk assessment
and an early detection of caries It is recommended
that the laser device is used in the decision making
process in relation to the diagnosis of occlusal
caries as a second opinion in cases of doubt after
visual inspection (51).

CONCLUSIONS

Professional experience isan effective factorin
diagnosing occlusal caries lesions without cavitation
with ICDAS and in making treatment decisions for
them. DIAGNOdent Pen (Kavo, Biberach, Germany)
is more accurate than ICDAS in diagnosing occlusal
caries lesions without cavitation. DIAGNOdent is an
appropriate modality for occlusal caries detection
as a complementary method beside other methods
as ICDAS and radiographic methods. The use
of ICDAS and DIAGNOdent Pen (Kavo, Biberach,
Germany) combination is the best procedure when
treating and deciding on the appropriate treatment
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for occlusal lesions without cavitation which
involves dentine.
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