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Abstract This study aimed to assess the performance of
International Caries Detection and Assessment System
(ICDAS), radiographic examination, and fluorescence-
based methods for detecting occlusal caries in primary teeth.
One occlusal site on each of 79 primary molars was assessed
twice by two examiners using ICDAS, bitewing radiogra-
phy (BW), DIAGNOdent 2095 (LF), DIAGNOdent 2190
(LFpen), and VistaProof fluorescence camera (FC). The
teeth were histologically prepared and assessed for caries
extent. Optimal cutoff limits were calculated for LF, LFpen,
and FC. At the D1 threshold (enamel and dentin lesions),
ICDAS and FC presented higher sensitivity values (0.75 and
0.73, respectively), while BW showed higher specificity
(1.00). At the D2 threshold (inner enamel and dentin

lesions), ICDAS presented higher sensitivity (0.83) and
statistically significantly lower specificity (0.70). At the D3

threshold (dentin lesions), LFpen and FC showed higher
sensitivity (1.00 and 0.91, respectively), while higher spec-
ificity was presented by FC (0.95), ICDAS (0.94), BW
(0.94), and LF (0.92). The area under the receiver operating
characteristic (ROC) curve (Az) varied from 0.780 (BW) to
0.941 (LF). Spearman correlation coefficients with histolo-
gy were 0.72 (ICDAS), 0.64 (BW), 0.71 (LF), 0.65 (LFpen),
and 0.74 (FC). Inter- and intraexaminer intraclass correla-
tion values varied from 0.772 to 0.963 and unweighted
kappa values ranged from 0.462 to 0.750. In conclusion,
ICDAS and FC exhibited better accuracy in detecting enam-
el and dentin caries lesions, whereas ICDAS, LF, LFpen,
and FC were more appropriate for detecting dentin lesions
on occlusal surfaces in primary teeth, with no statistically
significant difference among them. All methods presented
good to excellent reproducibility.
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Introduction

The detection of noncavitated caries lesions on occlusal
surfaces is a difficult task in dentistry. The complex mor-
phology of the pit and fissure system as well as the wide-
spread use of fluoride and its superficial remineralization
potential seems to delay the cavitation process and allows
dentin caries development under a macroscopically intact
surface [1]. Therefore, the early detection of noncavitated
caries lesions is important in order to avoid further progres-
sion by means of effective preventive therapy during clinical
practice.
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Both visual and radiographic examinations are the most
common methods for caries lesion detection. It must be kept
in mind that caries detection by eyesight is better for cavi-
tated lesions than for noncavitated early lesions [2]. More-
over, as visual examination is a subjective method, a lower
reproducibility in detecting occlusal caries can be found,
since it involves the knowledge and clinical experience of
the examiner [3–5]. Also, radiographic examination has
shown high specificity and poor sensitivity for noncavitated
lesions, underestimating the lesion depth [6–8]. Thus, some
changes have been introduced in order to reduce the subjec-
tive aspects of conventional methods.

The International Caries Detection and Assessment Sys-
tem (ICDAS) has been proposed as a visual scoring system
for caries detection, describing six stages of caries severity,
varying from initial changes visible in enamel to frank
cavitation in dentin. This method would allow data collec-
tion standardization and comparison between studies [4,
9–11]. Previous in vitro studies have demonstrated good
reproducibility and validity in detecting occlusal caries in
permanent molars [3–5, 7, 11]. In primary molars, this
method has been shown to be capable of detecting non-
cavitated occlusal caries lesions [2, 7, 8, 12].

Novel technologies have been investigated as diagnostic
tools in order to identify and quantify initial demineraliza-
tion. Some of them are defined as fluorescence-based meth-
ods, in which caries lesions fluoresce differently than sound
surfaces when excited by light at a specific wavelength [13].
The DIAGNOdent 2095 (LF, DIAGNOdent, KaVo, Biber-
ach, Germany) and more recently the DIAGNOdent 2190
(LFpen, DIAGNOdent, KaVo, Biberach, Germany) are
based on the same principle: a laser diode emits red light
at 655 nm and a photodetector quantifies the reflected fluo-
rescence from bacterial metabolites (fluorophores) in caries
lesions, showing values varying from 0 to 99 [1, 14, 15].
The differences between both devices are the architecture of
the tips and the optical path of light propagation [14]. The
devices have shown moderate to good performance in
detecting occlusal caries in primary teeth [7, 8, 12, 16–18].

Another method for caries detection is the VistaProof
fluorescence camera (FC, Dürr Dental, Bietigheim-
Bissingen, Germany), which consists of six GaN-LEDs that
emit blue light at 405 nm. Specific software recognizes the
fluorescence signal emitted by the tooth surface and quan-
tifies the lesion, resulting in numerical values ranging from
0 to 3, according to caries extent [6, 19]. There are limited
data in the literature about the in vitro performance of this
device in permanent teeth [6, 20–22]. To date, only two in
vitro studies have investigated the FC performance in pri-
mary teeth, showing high reproducibility [23] and good
validity [12]. Consequently, the performance of the FC
device in detecting caries in primary teeth remains
uncertain.

Therefore, the aim of this in vitro study was to evaluate
and compare the performance of conventional methods (vi-
sual and radiographic examinations) and fluorescence-based
methods (LF, LFpen, and FC) for the detection of occlusal
caries lesions in primary molars.

Material and methods

Sample preparation

This study was conducted in accordance with the declara-
tion of Helsinki, and it was approved by the Ethics Com-
mittee in Research of the Araraquara School of Dentistry,
Univ. Estadual Paulista (report #14/08). Prior to extraction,
the patients were informed about the use of their teeth for
research purposes and their consent was obtained. The teeth
were extracted by dental practitioners in Araraquara, Brazil
(0.7 mg/L fluoride in water supply). Seventy-nine primary
molars (42 first molars and 37 second molars) with occlusal
surfaces varying from sound to having different stages of
carious lesions were selected and kept frozen at −20 °C until
analyzed. This storage method has not been associated with
any significant change in the fluorescence signal [24]. Ex-
clusion criteria were presence of sealants, restorations, hy-
poplasia, or hypomineralization.

After defrosting for 3 h, the teeth were thoroughly cleaned
for 10 s using tap water and a toothbrush. The fissure system
was additionally cleaned with sodium bicarbonate powder and
water–powder blasting device Profi III Bios® (Dabi Atlante,
Ribeirão Preto, São Paulo, Brazil) for 10 s to ensure the correct
detection of caries lesions through fluorescencemeasurements
[25]. The teeth were rinsed with a 3-in-1 syringe for 10 s to
remove any remnants in the fissure [26]. Photographs of the
occlusal surfaces were taken at ×6.25 magnification (EOS
Rebel XTI, Canon, Lake Success, NY, USA) and one site on
each tooth was selected on the occlusal surface by a senior
researcher, who did not take part in the examination. Two
experienced examiners independently assessed the teeth twice
with a 1-week interval between measurements and were guid-
ed by black and white photographs printed on draft-quality
paper containing a dot on the test site to allow the precise
assessment of the same area. The specific site was hidden by a
dot to avoid biasing during examinations by the photographic
images [27]. The teeth were mounted individually on a dental
model in the same position to standardize the examinations.
During the measurements, the teeth were stored under relative
humidity of 100 %.

Visual examination (ICDAS)

Visual inspection was carried out using ICDAS criteria. The
selected sites were examined in the same room with direct
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visualization under light illumination and a three-in-one air
syringe, without probing. First, the teeth were assessed
moist and then dried after 5 s. The visual examination was
coded as follows: (0) sound tooth surfaces, no evidence of
caries after prolonged air drying (5 s); (1) first visual change
in enamel, opacity or discoloration (white or brown) is
visible at the entrance to the pit or fissure after prolonged
air drying, which is not or hardly seen on a wet surface; (2)
distinct visual change in enamel, opacity, or discoloration
distinctly visible at the entrance to the pit and fissure when
wet, and lesion is still visible when dry; (3) localized enamel
breakdown due to caries with no visible dentin or underly-
ing shadow, opacity, or discoloration wider than the natural
fissure/fossa, when wet and after prolonged air drying; (4)
underlying dark shadow from dentin with or without local-
ized enamel breakdown; (5) distinct cavity with visible
dentin, visual evidence of demineralization and dentin ex-
posed; and (6) extensive distinct cavity with visible dentin
and more than half of the surface involved [4].

Radiographic examination

Standardized bitewing radiographs (BW) were taken for
each tooth, using an X-ray machine (Spectro 60X, Dabi
Atlante) and Kodak insight films (22×35 mm, Eastman
Kodak, Rochester, NY, USA) at 60 kV, 10 mA, and expo-
sure time of 0.2 s. All radiographs were processed by an
automatic X-ray film developer (Dent-X 9000, Dent-X,
Elmsford, NY, USA), placed in transparent cards and iden-
tified [27].

The radiographs were then examined independently us-
ing an X-ray viewer and an X-ray film magnifier (magnifi-
cation, ×2; VRX-Fabinject, Taubaté, São Paulo, Brazil) in a
darkroom. The occlusal surfaces were determined according
to Ekstrand et al. [28]: (0) no radiolucency visible; (1)
radiolucency visible in enamel; (2) radiolucency visible in
dentin, but restricted to the outer third of dentin; (3) radio-
lucency extending to the middle third of dentin; and (4)
radiolucency in the inner third of dentin.

Assessments with the fluorescence-based devices

The LF and LFpen were calibrated for each tooth using a
ceramic standard in accordance with the manufacturer’s
instructions. For the measurements, tip A for the LF device
and the cylindrical sapphire fiber tip for the LFpen were
used. The fluorescence value of a sound spot of the cuspal
area on the buccal surface (zero value) was recorded and
later subtracted from the peak value [14]. The device tip was
rotated around the selected site until the highest value (peak
value) was obtained and recorded individually by each
examiner.

The FC measurements were performed in a black box to
simulate the illumination of the oral environment. The FC
was placed facing upwards, parallel to the occlusal surface.
The software (DBSWIN, Dürr Dental) digitized the video
signal to create the occlusal surface images of 720×576
pixels with 3×8 bit intensities of RGB channels and reso-
lution of 72 pixels/in. [6, 19]. This software quantified the
emitted fluorescence from green (approximately 510 nm
wavelength) to red (approximately 680 nm wavelength),
and a numerical value from 0 to 3 was assigned, which
corresponds to the lesion severity according to the manu-
facturer’s instructions.

Validation

The teeth were longitudinally sectioned near the periphery
of the center of the selected sites with a water-cooled
diamond disk in a sectioning machine (ISOMET 1000,
Buehler, Lake Bluff, IL, USA). Progression of the grinding
process (papers of grain size 600 and 1200) was constantly
checked under a stereomicroscope (SZ2-ILST, Olympus,
Tokyo, Japan) until the periphery of the site was reached.
The teeth surfaces were then colored with saturated rhoda-
mine B (Fluka, Buchs, Switzerland). The site was histo-
logically assessed at ×10 magnification (SZ2-ILST,
Olympus) for caries extent. The histological analysis was
performed by an experienced senior researcher, who did
not take part in the examination, and attributed scores
according to Lussi et al. [1]: (0) caries free, (1) caries
extending up to halfway through the enamel, (2) caries
extending into the inner half of the enamel, (3) caries in
the outer half of dentin, and (4) caries in the inner half of
dentin.

Statistical analysis

Statistical analyses were performed using MedCalc version
9.3.0.0 (MedCalc Software Mariakerke, Belgium). Optimal
cutoff limits for LF, LFpen, and FC were determined by the
point at which the sum of sensitivity and specificity was
maximal. Sensitivity, specificity, accuracy, and area under
the (ROC) curve (Az) were calculated at D1 (enamel and
dentin lesions), D2 (inner enamel and dentin lesions), and D3

(dentin lesions) thresholds for all methods. The McNemar
test was used to compare the sensitivity, specificity, and
accuracy among the methods. A nonparametric statistical
test was used to compare the differences among the Az

values [29]. The significance level was set at p<0.05. The
correlation between the methods and histological scores was
determined using Spearman’s correlation coefficient. A cor-
relation coefficient of 0.70 or above indicates a strong
relationship between two variables [4].
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Intraclass correlation coefficient (ICC) and Cohen’s un-
weighted kappa values were used to assess inter- and intra-
examiner reproducibility for all methods. The ICC was
calculated using the original device values for LF, LFpen,
and FC; and using the values of the scores for ICDAS and
BW. The correlation was interpreted according to Fleiss [30]
as follows: values above 0.75 denoted excellent agreements,
while values between 0.40 and 0.75 indicated good
agreement.

The Bland and Altman method was applied for LF,
LFpen and FC to identify systematic differences and the
95 % limits of agreement [30, 31]. The graphical method
showing the differences between the two measurements was
plotted against the averages of the two measurements. Hor-
izontal lines were drawn at the mean difference and at the
limits of agreement, which were defined as the mean differ-
ence plus and minus 1.96 times the standard deviation [31].

Results

The histological examination of the 79 occlusal sites
revealed that 19 teeth were caries free (0), 18 teeth had
caries extending up to halfway through the enamel (1), 14
teeth had caries extending into the inner half of enamel (2),
13 teeth had caries extending up to halfway through the
dentin (3), and 15 teeth had caries extending into the inner
half of dentin (4).

The optimal cutoff limits for LF, LFpen, and FC devices
are shown in Table 1. Table 2 presents the sensitivity,
specificity, accuracy, and Az at D1, D2, and D3 thresholds
for all methods. The highest sensitivity values are shown for
FC (0.73) and ICDAS (0.75) at the D1 threshold; for ICDAS
(0.83), LF (0.76), and LFpen (0.73) at the D2 threshold; and
for LFpen (1.00) at the D3 threshold. The highest specificity
values were observed for BW (1.00) at the D1 threshold and
for FC (0.95) at the D2 threshold. At the D3 threshold,
ICDAS (0.94), BW (0.94), LF (0.92), and FC (0.95) pre-
sented the highest specificity values, with no statistically
significant differences among them. FC (0.80) and ICDAS
(0.75) presented the highest accuracy values at the D1

threshold; while at the D3 threshold, FC (0.89) presented
the highest accuracy value and BW the lowest value, with a
statistically significant difference.

Spearman’s rank correlation coefficients with histology
scores were 0.74 (FC), 0.71 (LF), 0.71 (ICDAS), 0.65
(LFpen), and 0.64 (BW). All methods showed a significant
positive correlation (p<0.01). Table 3 presents the ICC and
unweighted kappa values for inter- and intra-examiner re-
producibility. ICC values for inter- and intra-examiner var-
ied from 0.772 to 0.963, while kappa values varied from
0.462 to 0.750 for all methods. The limits of agreement
(mean±1.96 SD) for both inter- and intra-examiner

reproducibility for LF, LFpen, and FC can be observed in
the Bland and Altman plots (Fig. 1). The range between the
upper and the lower limits of agreement was 62.6 and 49.6
for LF, 73.6 and 63.4 for LFpen, and 0.96 and 0.71 for FC
for both intra- and inter-examiner reproducibility.

Discussion

Occlusal surfaces are the sites most affected by carious
lesions due to the complex invaginated anatomy of the
pits and fissures and the difficulty of plaque removal,
which makes the detection of the earliest signs of caries
difficult [4, 6]. Several studies have evaluated the per-
formance of fluorescence-based methods to detect the
earliest signs of enamel demineralization; however, they
were focused on the occlusal surfaces of permanent
teeth [4, 6, 14, 32]. This in vitro study evaluated the
performance of different fluorescence-based methods,
including the VistaProof FC, and compared them with
conventional methods for detecting occlusal caries in
primary teeth.

The ideal caries detection method should be highly sen-
sitive and specific [33]. Within the limitations of an in vitro
study, it could be observed that the investigated methods
presented a good balance between sensitivity and specificity
values, with the exception of BW, which presented discrep-
ancies between sensitivity and specificity values at D1 and
D3 thresholds (low sensitivity and high specificity). For the
detection of enamel caries on occlusal surfaces of primary
teeth, BW was shown to be inappropriate due to its lower
sensitivity. This result is in agreement with Neuhaus et al.
[8], who showed that BW performed the worst in detecting
occlusal caries in primary teeth when compared with LF,
LFpen, and ICDAS. Attrill and Ashley [16] also found
radiographic examination to have a lower sensitivity for
both enamel and dentin, and considered it a poor method
for occlusal caries detection in primary teeth when com-
pared to LF and visual examination. Radiographic exami-
nation is not suitable for enamel caries detection due to the
coronal morphology of posterior teeth, which present large
cusps that are projected into the pits and fissures system on
the radiographic image, often masking the detection of
initial changes in enamel.

Table 1 Optimal cutoff values of the LF, LFpen, and FC devices

Histology LF LFpen FC

D0 0–15 0–19 0–1.1

D1 16–20 20–23 1.2–1.4

D2 21–30 24–35 1.5–1.6

D3,4 >30 >35 >1.6
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In general, the ICDAS is an easy set of criteria to be
applied during visual inspection, with detailed character-
istics of the different stages of caries lesions. Moreover,
clinical results of the ICDAS seem to be promising, because
they provide an acceptable prediction of caries depth [34].
In this investigation, ICDAS presented moderate correlation
with the histology scores regarding the presence and extent
of demineralization in enamel and dentin. These results
suggest that ICDAS visual criteria could improve the per-
formance of visual examination in detecting occlusal caries
lesions in primary teeth. At the D1 threshold, ICDAS pre-
sented higher sensitivity, although it did not exhibit statisti-
cally significant differences when compared to FC. For
inner enamel and dentin caries (D2 threshold), ICDAS
showed higher sensitivity and lower specificity, which sug-
gested that this method is excellent for detecting changes in
enamel. At the D3 threshold, ICDAS presented lower sen-
sitivity and higher specificity values. Similar results from
some in vitro studies were found by Shoaib et al. [2] and
Novaes et al. [12], when occlusal surfaces were evaluated in
primary teeth. On the other hand, the present results did not
corroborate with Neuhaus et al. [8] in an in vitro study and
Matos et al. [35] in an in vivo study, who found higher
sensitivity and specificity values for detecting dentin caries
lesions in primary teeth. Although ICDAS criteria could
improve the subjective aspects of the visual examination,
some discrepancies are expected among the studies due to
differences in the methodology such as the prevalence of
sound teeth, enamel and dentin caries lesions, as well as the
use or not of a ballpoint probe and the examiner’s
experience.

Regarding the laser fluorescence devices, the optimal cut-
off limits presented by LF and LFpen were determined by
the highest sum of sensitivity and specificity in the different
thresholds. It could be observed that the LF device presented
lower cutoff limits when compared to the LFpen, showing

that both devices cannot have similar cutoffs. Other in vitro
studies have shown that LFpen presented higher measure-
ments of occlusal caries in primary teeth than LF [8, 12].
The LF cutoff limit for enamel lesions was set to 16 and for
dentin lesions to 30. Lussi and Francescut [17], Braga et al.
[18], Rodrigues et al. [7], and Novaes et al. [12] showed
lower cut-offs for the LF device in primary teeth. Kavvadia
and Lagouvardos [36], in an in vivo study, and Neuhaus et
al. [8], in an in vitro study using primary teeth, described
cut-offs for enamel lesions at 10 and for dentin lesions at 30
and 17, respectively. The LFpen cutoff limit for enamel
lesions was set to 20 and for dentin lesions to 35. Lower
cutoff values were shown by Neuhaus et al. [8] and Novaes
et al. [12]. These differences could be attributed to the
storage method of the teeth, sample size, caries prevalence,
and the validation method used in those studies. In the present
study, teeth were kept frozen at −20 °C since different storage
methods might influence the fluorescence results [24]. More-
over, morphological characteristics of the primary teeth could
lead to differences in fluorescence results when compared to
permanent teeth. The higher cutoff limits in primary teeth may
be explained by the thickness of the enamel, masking the
fluorescence of the underlying dentin lesions [17].

It is known that LF and LFpen readings have been
influenced by several factors such as calculus, plaque, and
prophylactic pastes [25, 26]. These biases can be eliminated
by strict inclusion criteria for the samples and a consistent
cleaning procedure of the occlusal surfaces, as was per-
formed in the present investigation. It was observed that
LFpen presented higher sensitivity than specificity values
at D1 and D3 thresholds. On the other hand, LF showed
higher specificity than sensitivity values, corroborating pre-
vious in vitro studies from Braga et al. [18], Rodrigues et al.
[7], Neuhaus et al. [8], and Novaes et al. [12] using primary
teeth. It was also observed that LFpen presented statistically
significantly lower specificity at D1 and D3 thresholds when

Table 2 Specificity, sensitivity, accuracy, and Az of different methods at D1, D2, and D3 thresholds

Specificity Sensitivity Accuracy Az

D1 D2 D3 D1 D2 D3 D1 D2 D3 D1 D2 D3

LF 0.84 a 0.86 a 0.92 a 0.63 a 0.76 a 0.75 a 0.68 a 0.81 a 0.86 a, b 0.806 a 0.867 a 0.941 a

LFpen 0.63 b 0.83 a 0.76 b 0.71 a 0.73 a 1.00 b 0.69 a 0.78 a 0.85 a,b 0.817 a 0.848 a 0.926 a

FC 0.74 a,b 0.95 b 0.95 a 0.73 b 0.64 b 0.91 c 0.80 b 0.81 a 0.89 a 0.798 a 0.854 a 0.917 a

ICDAS 0.74 a,b 0.70 c 0.94 a 0.75 b 0.83 a 0.64 a 0.75 a,b 0.77 a 0.83 a,b 0.793 a 0.835 a 0.901 a

BW 1.00 c – 0.94 a 0.56 c – 0.55 d 0.67 a – 0.80 b 0.780 a – 0.803 b

D1:D00sound; D1–D30decayed

D2:D0, D10sound; D2, D30decayed

D3:D0–D20sound; D30decayed

Significant differences are represented by different letters in a single column (McNemar test p<0.05 for specificity, sensitivity, and accuracy; a
nonparametric statistical test was used to assess the differences among the Az [29])
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compared to LF, indicating that incorrect detection of sound
teeth might occur. For enamel and dentin caries lesions, LF
and LFpen presented similar performance. However, for
dentin caries lesions, LFpen presented statistically signifi-
cantly higher sensitivity when compared to LF, which was
not comparable to the results found by Neuhaus et al. [8]
and Novaes et al. [12]. The present results suggest that the
differences between sensitivity and specificity values might
be attributed to the different cutoff limits used for both
devices. Furthermore, the differences regarding the cutoffs
can be related to the cylindrical tip characteristics of the
LFpen, which is composed of a solid single sapphire fiber
where light is propagated and the emitted fluorescence light
is collected, while the LF tip is composed of separate fibers
to excite and collect the emitted fluorescence [14].

To the present authors’ knowledge, there are few studies
related to the validity and reliability of the fluorescence
camera in primary teeth [12, 23, 33]. It is known that FC
captures and quantifies the fluorescence emitted from the
bacterial metabolites, which varies from green (∼510 nm
wavelength) to red (∼680 nm wavelength) [6, 19]. Owning
to the lack of an ideal scale for the interpretation of FC
values in primary teeth, the optimal cutoff limits were de-
termined for the different thresholds. In the present study,
the FC cutoffs were similar to Novaes et al. [12] for both
enamel (>1.1) and dentin (>1.5) caries lesions. Although the
cutoff values for primary teeth did not present a narrower
range among D1, D2, and D3 thresholds than those found by
Rodrigues et al. [6] and Seremidi et al. [22] for permanent
teeth, the discrimination between the lesions categories is
still difficult [20]. The cutoffs in the present study were
determined by means of histological validation of a specific
sample constituted by extracted primary molars, and cannot
be extrapolated to a clinical situation. Further in vivo studies
are needed to confirm or not the limits described above.

In the present investigation, FC demonstrated the ability
to detect occlusal carious lesions in primary teeth based on
its strong correlation with the histology scores. Some
authors have affirmed that FC could be a potential tool for
caries detection and monitoring purposes [19, 21]. At the D1

threshold, FC presented higher sensitivity and accuracy
values, and a great balance between sensitivity and speci-
ficity. These results agree with the results described by
Jablonski-Momeni et al. [21] and Novaes et al. [12]. On
the other hand, it showed lower sensitivity and higher spec-
ificity at the D2 threshold. Rodrigues et al. [6] related
reported some difficulties in detecting enamel carious
lesions using the FC device in permanent teeth. With respect
to dentin lesions, FC showed higher sensitivity, specificity
and accuracy values. Novaes et al. [12], in an in vitro study
in primary teeth, also found higher specificity and accuracy
values, however the specificity values were lower than the
present findings. These differences can be attributed to theT
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methodology used to obtain the device’s focus and the lack
of experience of the examiners. In the present study, the
tooth position was standardized in a dental plastic model,
allowing the FC device to remain stable and parallel to the
occlusal surface until the image focus was obtained. This
question regarding the device’s focus should be further
investigated and clarified.

The Az can confirm the good performance of the meth-
ods. The advantages of the ROC curve are that it includes
several cutoff points, it shows the relationship between the
sensitivity and specificity, and it is not affected by the
presence of disease [37]. Although no statistically signifi-
cant difference was found among the Az values for all
methods at D1 and D2 thresholds, BW presented a

statistically significantly lower Az value at the D3 threshold,
which is in disagreement with Neuhaus et al. [8] who found
a statistically significantly lower Az value for BW at the D1

threshold. Also, it was observed that the methods presented
the highest Az values at the D3 threshold. Other in vitro
studies investigating the performance of different methods
for occlusal caries detection in primary teeth also have shown
greater Az values for conventional and fluorescence-based
methods at the D3 threshold [8, 12].

Regarding the reproducibility analyses, the present
results confirmed the good reproducibility of the
fluorescence-based devices reported in previous studies on
primary teeth [8, 12, 16, 17, 23]. The fluorescence-based
devices presented ICC values for intra and inter-examiner

LF Interexaminer                 LF Intraexaminer 

LFpen Interexaminer  LFpen Intraexaminer 

FC Interexaminer                           FC Intraexaminer 

Fig. 1 Bland and Altman [31]
graphics for inter- and intra-
examiner reproducibility
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reproducibility varying from 0.802 to 0.930, which is con-
sidered excellent agreement [30]. The FC device showed
higher reproducibility values, which may be explained by
the function mechanism of the device that needs a standard
position of the camera facing the occlusal surface for image
capture. For the LF and LFpen devices, it is essential to
rotate the tip around the test site, allowing the light to be
propagated into different directions of the carious lesion.
ICDAS also presented excellent agreement in terms of ICC
values, whereas BW presented good agreement. This differ-
ence could be explained by the subjectivity of the radio-
graphic examination, which depends on the examiner’s
experience and skills and other factors, such as the caries
lesions on occlusal surfaces that are superimposed onto the
dentin radiographically [38]. Considering the unweighted
kappa values, all methods presented good agreement, which
is in accordance with Matos et al. [35] and Novaes et al.
[12]. Shoaib et al. [2] showed ICDAS kappa values ranging
from 0.78 to 0.81 for the detection of occlusal caries in
primary teeth. The use of a standard criterion for visual
inspection, such as ICDAS, tends to increase the intra- and
inter-examiner agreement, reducing the visual subjectivity
for caries detection [12, 32].

Through Bland and Altman plots, it is possible to see the
relationship between measurement variability as well as the
systematic deviation. In this type of statistics, no systematic
deviation (mean difference equal to zero) and only a small
range between the upper and lower limits of agreement
should be present [31]. The line shown in the FC plot, with
deviation from 0.02 to 0.03 from the zero line, and the lines
shown in the LF and LFpen plots, with deviation from −2.2
to 0.3 from the zero line, indicates the mean of the differ-
ences between two measurements. For the LF and LFpen
plots, the values were clustered in the left and in the right
borders of the line, suggesting that the methods were more
reliable in the lower values and in the higher values. The
plots presented the diamond shape as described by Huys-
mans et al. [39], which was defined by the concentration of
the points close to 99 and 0 representing perfect agreement
of the extreme measurements, and clusters of points at the
top and bottom corners of the diamond representing dis-
agreement of the extreme measurements. Kühnisch et al.
[40] suggested that the range of the limits should not exceed
±20 LF units (range of 40 units). The present study showed
ranges of 62.6 and 49.6 for LF, 63.4 and 73.6 for LFpen, and
0.71 and 0.96 for FC for intra- and inter-examiner reprodu-
cibilities, respectively. It is import to stress that the differ-
ences found among ranges for LF, LFpen, and FC could be
attributed to the differences in FC values (scale varying
from 0 to 3) compared to LF and LFpen values (scale
varying from 0 to 99). Rodrigues et al. [6] found ranges of
46.0 and 38.2 for LF, 55.6 and 40.0 for LFpen, and 1.12 and
0.80 for FC, respectively. According to the authors, the LF

and LFpen limits of agreement could not be considered
good, unlike the FC device. Jablonski-Momeni et al. [21]
found a range of inter-examiner agreement of −0.51 to 0.39
for FC, corroborating the pattern of the FC plots.

In conclusion, ICDAS and FC exhibited better accuracy
in detecting enamel and dentin caries lesions, whereas
ICDAS, LF, LFpen, and FC were more appropriate for
detecting dentin lesions on occlusal surfaces in primary
teeth, with no statistically significant difference among
them. All traditional and novel methods presented good to
excellent intra- and inter-examiner reproducibility. It is im-
portant to keep in mind that novel methods, such as
fluorescence-based methods, should be used as adjunct tools
for caries detection.
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