
ORIGINAL ARTICLE

Diagnostic validity of the use of ICDAS II and DIAGNOdent pen
verified bymicro-computed tomography for the detection of occlusal
caries lesions—an in vitro evaluation

Elzbieta Luczaj-Cepowicz1 & Grazyna Marczuk-Kolada1 & Marta Obidzinska1 & Jarosław Sidun2

Received: 17 October 2018 /Accepted: 26 February 2019 /Published online: 14 June 2019
# The Author(s) 2019

Abstract
The aim of this study is to assess the extent of early carious lesions using the International Caries Detection and Assessment
System (ICDAS) II and DIAGNOdent pen compared with microCT examination. Forty-eight molars and premolars
were qualified for the study. The visual and the DIAGNOdent pen device examinations were carried out by two
examiners. The actual extent of the lesions was determined using micro-CT examination. The optimal cutoff test
value was determined using the Youden index. For the two methods, inter- and intra-examiner reproducibility was
calculated using intraclass correlation coefficient. The sensitivity, specificity, and accuracy of these methods were
compared using the mid-P McNemar test. The level of significance was set at p < 0.05. In terms of the enamel
threshold for the ICDAS II scale, insignificantly higher mean evaluated parameters were noticed in comparison with
the DIAGNOdent pen device. For the dentin threshold, all the assessed parameters had higher mean values on the
ICDAS II scale compared with the DIAGNOdent pen. The optimal cutoff points of the enamel and dentin thresholds
are lower than that suggested by the manufacturer. The ICDAS II and the DIAGNOdent pen device were charac-
terized by high inter - and intra-observer reproducibility of the test results. To improve the diagnostic efficiency of
the DIAGNOdent pen, modifying the cutoff values recommended by the manufacturers should be considered. After
modifying the cutoff values, the combination ICDAS II and DIAGNOdent pen device would be the better choice in
order to detect caries on occlusal surfaces.
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Introduction

The basic assumption of modern dentistry is the early detec-
tion of initial carious lesions. The diagnosis of these lesions
and the assessment of their severity give clinicians’ consider-
able difficulties resulting from the diversified fissure and pit
morphology as well as the widespread use of fluoride com-
pounds [1–3]. The basis for caries’ diagnosis is a meticulous
visual examination. A visual examination is based on a

subjective assessment dependent on the examiner’s skills
and experience. It is characterized by high specificity, but its
sensitivity, reliability, and reproducibility are low [1, 4]. The
International Caries Detection and Assessment System
(ICDAS) is used to diagnose carious lesions and was devel-
oped to standardize diagnosis and clinical management [5].
The diagnosis of these lesions and the assessment of their
severity give clinicians’ considerable difficulties resulting
from the diversified fissure and pit morphology as well as
the widespread use of fluoride compounds [1–3]. Novel tech-
nologies have been investigated as diagnostic tools in order to
identify and quantify initial demineralization. Along with vi-
sual detection systems, it can be referred to fluorescence as-
sessment which can be considered a suitable method. A pos-
sibility is the detection of the emitted fluorescence after a
modulated red light is applied, because caries-induced chang-
es in teeth lead to increased fluorescence at specific excitation
wavelengths. Hibst et al. [6] found that porphyrins are
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responsible for the fluorescence level in carious tissues, which
are released in caries lesions by cariogenic bacteria when ex-
posed to a 655-nm red light. The intensity of the fluorescence
indicates the depth of the caries lesion. This was taken advan-
tage of the DIAGNOdent pen device (Kavo, Biberach,
Germany). When assessing the effectiveness of diagnostic
methods, their sensitivity, specificity, accuracy as well as their
reproducibility and unambiguity should be taken into account
[7]. In clinical practice, interpretation of DIAGNOdent pen
indications is connected to cutoff limits. Some studies
pertaining to cutoff points are not always in accordance with
those suggested by the device manufacturer [4, 8–10]. The
values of these parameters should be verified by a ref-
erence examination, referred to as the gold standard. In
in vitro studies, the actual extent of lesions is most
often assessed by histological examination [11–13].
According to the authors, a non-destructive method of
visualizing the extent of carious damage can be micro-
computed tomography (microCT) [14, 15]. It is a mod-
ified version of computed tomography, enabling non-
invasive 3-D imaging of tooth tissues. In recent years,
it has been used in laboratory research in the field of
dentistry, for measuring the mineral density of enamel
and dentin, evaluating cortical bone and the sealing
ability of fillings of carious cavities and root canals
[12, 13, 15, 16]. The use of this method in clinical
practice has some limitations, such as high radiation
doses, long scanning time, and image processing as well
as the high cost of the device with software [16].

The aim of this in vitro study was to investigate the extent
of occlusal early carious lesions in enamel and dentin using
the ICDAS II, DIAGNOdent pen compared with microCT
examination.

Materials and methods

The research was approved by the Ethics Committee of the
Medical University of Bialystok (no. R/I/002/170/2016).

Preparation of samples

Eighty teeth were extracted as a result of orthodontic, peri-
odontal, and surgical indications. Immediately after the proce-
dure, the teeth were rinsed under running water and then
stored in a freezer (− 18 °C) for 2 months. After a 4-h
defrosting, the teeth roots surfaces were cleaned using a dental
scaler. Next, the occlusal surfaces were cleaned using a low-
speed tip with a brush and toothpaste. After thoroughly rinsing
the remains of the toothpaste with a water spray and
air-drying, the teeth were individually placed in a wax
plate, and they were thawed in an incubator (24 °C and
100% humidity) for 4 h. Each tooth remained in these

conditions until the examination. Before the examina-
tion, the occlusal surface was moistened with physiolog-
ical saline (wet examination) and then dried for 5 s (dry
examination).

The inclusion criteria of occlusal tooth surfaces in the study
were no signs of caries, noticeable opacity, or white/brown
discoloration that did not match the appearance of healthy
enamel. The exclusion criteria were the following: the pres-
ence of fissure sealants, fillings, hypomineralization,
occlusoproximal lesions, or lesions with cavitation. From the
extracted teeth, 48 molars (including third molars) and premo-
lars were qualified for the study, and 32 teeth were used for
calibration.

Visual examination (ICDAS II)

The visual examination was carried out in artificial lighting
from the unit lamp, selecting one suspected spot on each oc-
clusal surface. The tooth surfaces were soaked with physio-
logical saline and evaluated under moist conditions and then
after drying for 5 s.

The ICDAS II system (International Caries Detection
Assessment System) was used:

code 0—sound tooth surface
code 1—first visual change in enamel: 1w (white) or 1b
(brown)
code 2—distinct visual change in enamel: 2w (white) or
2b (brown)
code 3—localized enamel breakdown due to caries with
no visible dentin or underlying shadow
code 4—underlying dark shadow from dentin with or
without localized enamel breakdown
code 5—distinct cavity with visible dentin
code 6—extensive distinct cavity with visible dentin
[17, 18]

Code 3 was the cutoff threshold for dentin lesions.
Prior to the visual examination, both examiners used
training software on the ICDAS web site [19]. After
training, the two dentists examined the occlusal surfaces
of the teeth separately in two sessions, with a 2-week
interval. The second examiner evaluated the teeth in the
same sequential order. Between examinations, the teeth
were frozen and thawed, as described above. The mea-
surements were made independently, and the examiners
were blinded for the peer’s scores. The occlusal surfaces
of stabilized teeth were photographed with a digital
camera (Canon Eos 450d, 100 mm, F2.8 EF macro)
mounted on a tripod. Then, using a graphic program
(GIMP 2.8.22), selected places were marked on the dig-
ital images to be able to locate them again more easily
(Fig. 1a). This procedure enabled precise determination
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of the location of the examined place at every stage of
the experiment. The examined teeth were given subsequent
ordinal numbers.

DIAGNOdent pen examination

After the digital imaging, an examination was carried out
using the DIAGNOdent pen device (Kavo, Biberach,
Germany). After attaching the probe for examining occlusal
surfaces, calibration was carried out in accordance with the
device manufacturer’s recommendations. Double calibration
was done and then the probe was applied at the designated
location, and rotational movements were performed to evalu-
ate all fissure walls and to correctly determine the maximum
value. The obtained results were interpreted in accordance
with the scale developed by the manufacturer [6, 10]:

& 0–13—sound
& 14–20—enamel caries
& 21–29—caries in dentin-enamel junction
& > 29—dentin caries

Assessments were provided twice by the same two exam-
iners, with a 14-day interval between measurements.

Micro-CT examination

The actual extent of the lesions was determined using micro-
computed tomography (micro-CT) examination, which was
done at the Faculty of Mechanical Engineering of the
Bialystok Technical University. The assessment was done
using the SkyScan 1172 microtomograph (Bruker, Kontich,
Belgium) (59 kV; 167 mA; 13.59 mm, pixel size; 900 ms,
exposure time; angle of rotation during scanning, every 0.2°;
scan time of one object approx. 03:10 h). After 3-D reconstruc-
tion in NRecon software (version 1.7.0.4), coronal, sagittal,
and axial planes were obtained (thickness of the imaging layer
0.009 mm). DataViewer and its functions, such as brightness
change, color mode, and magnification, were used for image
analysis. The previously marked place was located on the cor-
onal sections. Then, the marked places were interpreted twice
(at 7-day intervals) by two researchers who did not participate
in the previously conducted diagnostic tests.

a

b c d

Fig. 1 Original photo image of
the third lower molar with one
selected occlusal site (a), images
of micro-CT are as follows:
coronal (b), sagittal (c), axial (d)
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All teeth were qualified to one of five groups according to
the scale proposed by Hintze et al. [20]:

1. 0—sound
2. E1—radiolucency in outer half of enamel
3. E2—radiolucency in inner half of enamel
4. D1—radiolucency in outer third of dentine
5. D2—radiolucency in inner two thirds of dentine

Diagnostic parameters were assessed for two advancement
thresholds, enamel and dentin. For the enamel threshold,
all current carious lesions with radiological E1, E2, D1,
and D2 progression were considered positive, while 0
was assumed to be sound. For dentin lesions (dentin
threshold), radiological progression of D1 and D2 was
considered to be the presence of disease, while for negative
cases 0, E1, and E2.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
20.0 software (StatSoft, Cracow, Poland). Both examinations
were repeated 2 weeks later to assess the intra- and inter-
examiner reproducibility. For the two methods, inter-
examiner reproducibility was calculated for the examiners,
and intra-examiner reproducibility was calculated for the
trained examiners using intraclass correlation coefficient
(ICC). The sensitivity, specificity, accuracy, positive predic-
tive value (PPV), and negative predictive value (NPV) of the
testedmethods were determined in relation to the cutoff values
recommended by the manufacturer [21, 22]. The sensitivity,
specificity, and accuracy of these methods were compared
using the mid-P McNemar test [21–23]. Correlations of the
results of the microCT, visual, and DIAGNOdent pen exami-
nations (nonparametric Spearman’s correlation) were evaluat-
ed. The diagnostic value of the methods was determined by
creating ROC (receiver operating characteristic) curves,
which is a graphic representation of the relationship between
the percentage of true positive test results (sensitivity) and the
percentage of false positives (1-specificity). The curve created
in this way, and in particular, the area under it (AUC, area

under the curve), enables direct assessment of the diagnostic
power of the tested method. It also applies to determining the
optimal cutoff point that divides the assessed population into
two groups: one in which disease is present and one with no
disease. The optimal cutoff test value (with the highest possi-
ble sensitivity at high specificity) was determined using the
Youden index. The Youden index (J) is a function of sensitiv-
ity and specificity defined by J = maximum {sensitivity +
specificity-1}. This index ranges between 0 and 1, with values
close to 1 indicating that the method effectiveness is relatively
large [24].

For both methods, cutoff points were found for which the
Youden index was the highest, as well as method sensitivity
and specificity for the new cutoff values. These parameters
were determined separately for the enamel threshold and the
dentin threshold. Results were considered statistically signifi-
cant when the calculated probability of p < 0.05.

Results

For all data, intraclass-correlation coefficients (ICC) for intra-
and inter-examiner reproducibility were high and were be-
tween 0.73–0.88 for ICDAS II, 0.75–0.87 for DIAGNOdent
pen, and 0.83–0.91 for microCT (Table 1).

The cross-tabulation between the ICDAS II codes,
DIAGNOdent pen and the corresponding microCT depth is
demonstrated in Table 2. MicroCT examination revealed that
of the 48 occlusal examination sites, 8 were sound (0), 4 had
caries extending up to the outer half of the enamel (E1), 20 had
caries extending into the inner half of the enamel (E2), 15 had
caries in the dentin outer one third (D1), and 1 site had caries
in the 1/3 middle dentin (D2).

Table 3 presents the sensitivity, specificity, positive predic-
tive value (PPV), negative predictive value (NPV), accuracy,
and Spearman’s rank correlation coefficient (rs) for ICDAS,
DIAGNOdent pen, and microCT at the enamel and dentin
thresholds. In terms of the enamel threshold for the ICDAS
II, insignificantly higher mean values of sensitivity, accuracy,
PPV, and NPV were noticed in comparison with the
DIAGNOdent pen device. Only the specificity was

Table 1 Intraclass correlation
coefficient (ICC) values for inter-
and intra-examiner
reproducibility for three methods
and 95% confidence intervals in
parentheses

Inter-examiner Intra-examiner

Method Examiner ICC (95% C.I) Examination ICC (95% C.I.)

ICDAS II 1 0.76 (0.691–0.822) 1 0.77 (0.695–0.824)

2 0.88 (0.838–0.910) 2 0.73 (0.654–0.798)

DIAGNOdent pen 1 0.85 (0.767–0.899) 1 0.75 (0.574–0.844)

2 0.87 (0.819–0.909) 2 0.78 (0.647–0.858)

microCT 1 0.83 (0.771–0.872) 1 0.87 (0.823–0.902)

2 0.85 (0.799–0.888) 2 0.91 (0.881–0.935)
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insignificantly lower for the ICDAS II. For the dentin thresh-
old, all the assessed parameters had higher mean values on the
ICDAS II compared with the DIAGNOdent pen, but only
accuracy was statistically significant (p < 0.05).

A summary of the values of sensitivity, specificity, area
under the curve (AUC), and cutoff points with reference to
the thresholds provided by the manufacturer as well as our
own (the highest Youden index value) is presented in
Table 4. When verified using microCT, the DIAGNOdent
pen results suggested that at a value above 5.88 enamel caries
occur. This value is lower than the device manufacturer indi-
cated (> 13). It should be noted that, with regard to the
microCT examination, the DIAGNOdent pen was character-
ized by very high sensitivity for the optimal cutoff point of the
enamel threshold. The obtained highest values of the Youden
index for dentin lesion detection indicate their occurrence at
DIAGNOdent pen indications above 19.5. Similar to enamel
lesions, this value is lower than that suggested by the manu-
facturer (> 29).

Discussion

Diagnosing lesions located on occlusal surfaces is not a
simple task. In vitro studies should be conducted in a
way as close as possible to clinical conditions. Various
factors, and above all, the way samples are stored, may
affect the obtained results [25, 26]. Substance storage
time could change the fluorophore concentrations in
samples as well as the optical properties of hard tissues.
According to the results of other studies, storing sam-
ples in low temperatures, without any kind of media
(storing solution), creates close to clinical conditions.
The most common causes of this conjuncture are the
way caries spread, which hinders clinical evaluation,
and the widespread use of preparations containing fluo-
ride ions, causing increased mineralization of the super-
ficial enamel layers [27, 28]. In in vitro studies, the
actual extent of lesions is most often assessed by histo-
logical examination, which is not without flaws. First,
during the preparation of thin sections of tooth tissues,
the area with the highest advancement of carious lesions
or irreversibly damaged samples could be omitted
[11–13]. In the current study, the results obtained using
the ICDAS II criteria and the DIAGNOdent pen were
compared with micro-computed tomography examina-
tion. Micro-computed tomography (microCT) is a mod-
ified version of computed tomography, enabling non-
invasive 3-D imaging of tooth tissues. The use of
microCT as the gold standard in research on caries diagnosis
methods has been evaluated by, among others, Soviero et al.
[13]. They showed that the results obtained by histological
and microCT examinations are comparable.

However, the advantage of microCT over histological ex-
amination is lack of tissue destruction during scanning with a
microtomograph. Other authors [14–16] also considered
microCT, the preferred gold standard for assessing the depth
of carious lesions in in vitro conditions. Based on microCT,
our study showed that the highest percentage of cases had
lesions located in the inner 1/2 enamel layer (41.67%), then
in the outer 1/3 dentin layer (31.25%). Healthy teeth were
noted in 16.67% of cases, lesions in the outer 1/3 enamel layer,
and the middle dentin layer accounted for 8.33% and 2.08%,
respectively.

According to Braga et al., the effectiveness of ICDAS II
caries classification is comparable to assessment using the
WHO criteria, while being more time-consuming [29].
Numerous scientists around the world evaluated its effective-
ness in determining carious lesion severity, both in primary
and secondary dentition, in clinical and in vitro conditions, as
well as the factors affecting the accuracy of this evaluation [3,
30–37]. In the assumption of their paper, Reis et al. put for-
ward the hypothesis that evaluations done outside the oral
cavity create better diagnostic conditions than in the patient’s
oral cavity [38]. The examination was done on the third mo-
lars qualified for extraction, assessing 110 selected sites. After
removal, teeth were stored in isotonic saline solution. After
conducting their study, they found that differences in in vivo
and in vitro results were negligible, and in the case of using the
visual method, they did not occur at all. Regardless of the
study conditions, ICDAS II parameters, such as sensitivity,
specificity, accuracy, PPV (positive predictive value) or
NPV (negative predictive value), were very high. The efficacy
of this classification was determined for the enamel threshold
of lesion advancement, as well as only dentin.

From the numerous publications regarding the efficacy of
the ICDAS II system, only two, similarly to the present study,
used microCT to assess the real extent of the lesions
[13, 16]. Ӧzkan et al. were the only ones to use
microCT in their study to assess the occlusal surfaces
of permanent molar and premolar teeth [16]. These au-
thors noted similar rates of the extent of carious lesions
to ours. They obtained a sensitivity of detecting enamel
lesions at a level of 0.93 and 0.97. The results of our
study for the same threshold reached a slightly lower
value, 0.85. The remaining authors, who carried out
the studies in in vitro conditions, used histological eval-
uation as a verification method. While conducting a
study on a similar group of teeth, Iranzo-Cortez et al.
reported very similar sensitivity of the ICDAS II to our
results [33]. Achilleos et al. obtained similar results, a
sensitivity of 0.80 and 0.86 for these types of lesions [30]. We
noted high specificity (0.75) for the enamel threshold com-
pared with other authors [15]. High specificity values of the
ICDAS II were also noted by Iranzo-Cortes et al. and
Jablonski-Momeni et al. [33, 34].
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In modern dentistry, the ability to detect dentin lesions is an
extremely important characteristic of the diagnostic methods.
It allows to determine the optimal time to initiate invasive
treatment. In the current study, we showed that evaluating
such lesions using the ICDAS II scale is characterized by
lower sensitivity and higher specificity compared with
those obtained for the enamel threshold. A similar ten-
dency was observed in the studies of Ӧzkan et al., in
which the sensitivity of dentin lesion detection was low-
er than that of enamel, while specificity was higher
[16]. The results obtained in the current study regarding
the specificity of the ICDAS II differed from those de-
scribed by Rodrigues et al. [37], but corresponded with
the findings of other researchers [16, 30].

The high values of reproducibility and agreement obtained
in our study indicate the possibility of using the ICDAS II to
monitor carious lesions and assess the effectiveness of preven-
tive treatments. The intra-examiner reproducibility in this
study was high and similar to that presented by other authors
[33]. Similarly to our study, scientists involved in the assess-
ment of ICDAS II observed inter-examiner reproducibility
between 0.62 and 0.82 [11, 16, 30]. The results obtained in

our study, determined using the intraclass correlation coeffi-
cient, correspond with these reports despite a different data
analysis method.

The possible clinical use of the DIAGNOdent pen is asso-
ciated with specific cutoff values that suggest to the doctor the
extent of carious lesions and the appropriate therapeutic man-
agement. Clinicians’ therapeutic decisions are complicated by
with the existence of several thresholds, proposed not only by
manufacturers but also by authors of in vivo [39] and in vitro
[8, 10] studies.

In the present study, the parameters of this diagnostic method
were evaluated using the guidelines contained in the device
manual as well as on the basis of the highest Youden index
values used to determine the optimal thresholds. These param-
eters were determined first for the enamel threshold, where a
score above 13 indicated the presence of lesions in accordance
with the manufacturer’s recommendations. The same cutoff val-
ue was adopted by Aktan et al. [1]. In the in vitro study, they
showed a sensitivity of 0.65, which was comparable to that
obtained in the current study. Jablonski-Momeni et al. noted a
higher sensitivity of the examination (0.83) with the
DIAGNOdent pen, however, the accepted thresholdwas > 6 [9].

Table 3 Sensitivity, specificity, accuracy, and positive and negative predictive values of ICDAS II and DIAGNOdent pen compared with the microCT
at the enamel and dentin thresholds

Sensitivity Specificity Accuracy mean (SD) PPV NPV rs

Enamel threshold

ICDAS II 0.85 0.75 0.83 0.94 0.50 0.67

(0.71–0.93) (0.41–0.93) (0.70–0.91) (0.82–0.98) (0.25–0.75) (p < 0.0001)

DIAGNOdent pen 0.70 0.88 0.73 0.97 0.37
(0.55–0.82) (0.53–0.98) (0.59–0.83) (0.83–0.99) (0.19–0.59)

Dentin threshold

ICDAS II 0.75 0.94 0.88a 0.86 0.88 0.70

(0.51–0.90) (0.80–0.98) (0.75–0.94) (0.60–0.96) (0.73–0.95) (p < 0.0001)

DIAGNOdent pen 0.44 0.88 0.73a 0.64 0.76
(0.23–0.67) (0.72–0.95) (0.59–0.83) (0.35–0.85) (0.60–0.87)

a Significant difference (McNemar test p < 0.05)

rs, Spearman’s rank correlation coefficient

Table 2 Cross-tabulation for ICDAS II and DIAGNOdent pen devices with the corresponding microCT

ICDAS II n (%) DIAGNOdent pen microCT

0–13 (0) 14–20 (E1) 21–29 (E2) > 29 (D1,D2) 0 1 2 3 4
(E1) (E2) (D1) (D2)

0 12 (25.00) 10 2 0 0 6 2 4 0 0

1 (E1) 14 (29.17) 5 6 0 3 1 1 11 1 0

2 (E2,D1) 8 (16.67) 2 1 4 1 1 1 3 2 1

3 (D2) 14 (29.17) 2 2 3 7 0 0 2 12 0

Total n (%) 48 (100.00) 19 (39.58) 11 (22.92) 7 (14.58) 11 (22.92) 8 (16.67) 4 (8.33) 20 (41.67) 15 (31.25) 1 (2.08)
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In 2013, Gimenez et al. published a review of the literature
on diagnostic methods using fluorescence [5]. Eight articles
concerned the detection of initial carious lesions on the occlu-
sal surfaces of permanent teeth using the DIAGNOdent pen.
The sensitivity of the device in the aforementioned studies
ranged from 0.63 to 0.89, while specificity was 0.50–0.96.
When presenting the results, the authors of the review did
not take into account, however, what cutoff values were used
in the analyzed studies.

In a study published in 2017, on this issue, Iranzo-Cortes
et al. noted a specificity of 0.53 [33]. When evaluating 64
occlusal surfaces, they found that the detection efficiency of
initial carious lesions was higher when the ICDAS II and
DIAGNOdent pen methods were combined compared with
using these methods alone. In addition, they recorded positive
(PPV) and negative (NPV) predictive values similar to those
obtained in the present study.

Our results when using the DIAGNOdent pen showed lower
sensitivity values of detecting dentin compared with enamel le-
sions. Some other authors made similar observations [1, 5, 9]. In
our study, the cutoff value for the detection of dentin lesions was
29, in accordance with the device instructions. We found no
paper in which the authors used the same cutoff point.
Researchers who classified dentin lesions when the indication
valuewas above 17 noted a sensitivity ranging 0.78–0.82 [9, 37].

In the current study, we obtained lower values of this pa-
rameter. Aktan et al., as well as scientists from Switzerland
and Germany, despite using a lower cutoff value (> 20), found
lower sensitivity and specificity [1, 9, 37]. Rodrigues et al.
determined the accuracy of the DIAGNOdent pen examina-
tion at 0.64, which was slightly lower than the results we
obtained [37]. The intra-examiner reproducibility in our study
was high. Rodrigues et al. presented nearly identical results for
this parameter [37].

The next parameter assessed in this paper was the area
under the ROC curve (AUC). We found that in the case of
the DIAGNOdent pen, the value for the enamel threshold was
0.89 and the dentin threshold 0.77 when adhering to the man-
ufacturer’s guidelines. These values indicate the high diagnos-
tic value of the device, which is confirmed by other authors [9,

16, 33, 37, 40]. Analysis of the Youden index suggests that the
value above which enamel caries occur is 5.88 while dentin
19.5. These are lower values than those recommended by the
manufacturer, but they are confirmed in the literature [9, 37]
that the enamel threshold is higher than in our study and closer
to the dentin threshold [4, 8].

The different composition of sample groups should be tak-
en into consideration when translating the experiences into
clinical practice [41]. In our study, we examined premolars
and molars (including third molars). The differences in mor-
phology of occlusal surfaces of investigated teeth may be a
possible limitation of the present study.

Conclusions

In summary, it can be concluded that the ICDAS II system and
the DIAGNOdent pen device were characterized by high
inter- and intra-observer reproducibility of the test results. To
improve the diagnostic efficiency of the DIAGNOdent pen,
modifying the cutoff values recommended by the manufac-
turers should be considered.
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