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Abstract
Background: There has been an increased incidence of dental caries
in children due to recent changes in lifestyle. More sensitive and reproducible
diagnostic tools for precise caries detection in children are needed because of
the complex occlusal anatomy. Aim: To compare the clinical performance and
accuracy of international caries detection and assessment system-II (ICDAS
II) versus DIAGNOdent pen and digital bitewing radiograph in the detection
of occlusal caries in the primary teeth. Materials and Methods: Fifty
children aged 6-11 years were assessed of both gender (29 girls and 21 boys)
and 377 occlusal surface of primary teeth were examined by visual ICDAS II,
DIAGNOdent pen and digital bitewing radiographic examination at D0 (non
caries lesions), D1 (lesions limited to enamel) and D2 (lesions limited to
dentin) thresholds. Results: Sensitivity at D0 for ICADS II was 14.23% and
95.95% for DIAGNOdent pen and 87.85% for digital bitewing, radiographs
while specificity for both ICADS II and bitewing radiographs were 99.23%
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but 73.85% for DIAGNOdent pen. At D1, threshold sensitivity of ICADS II
and digital bitewing radiographs were higher than DIAGNOdent pen but
specificity for bitewing radiographs and DIAGNOdent pen 90.69% - 87.99%.
were highly significant than ICADS II At D2, threshold specificity for all
diagnostic methods was almost similar with better sensitivity for ICADS II
and digital bitewing radiographs. Conclusion: This study showed that ICDAS
II, Diagnodent pen, and bitewing radiography are effective for the detection
of occlusal caries for primary molars. Digital bitewing radiography correlated
stronger with ICDASII than Diagnodent pen and proved to be the best method
to detect occlusal lesions within the dentin in primary molars while
Diagnodent pen and bitewing radiography are better for detecting enamel
caries lesion. In addition, the clinical performance of three diagnostic methods
was insufficient to detect occlusal caries lesions separately. Consequently, it
is advisable to use a combination of diagnostic methods, especially in unclear
cases, as well as in cases of initial lesions and their monitoring.
Keywords: International Caries Detection and Assessment System II,
Diagnodent pen, Digital bitewing radiographs, occlusal caries
Introduction
There has been an increased incidence of dental caries in children due
to recent changes in lifestyle. More sensitive and reproducible diagnostic tools
for precise caries detection in children are needed because of the complex
occlusal anatomy (Katge F et al., 2016). Diagnosis is both an art and science,
combining scientific knowledge and clinical experiences in discovering the
signs and symptoms of the caries process (Mohanraj M et al., 2016).
There are different tools for dental diagnosis, which include visual,
visuotactile, radiographic, fluorescence-based and electrical conductancebased methods (Bhumireddy et al., 2018). Visual inspection is useful only in
the clearest stages of occlusal caries. A new evidence-based optical standard
for the detection of dental caries was developed in 2002 to relate the clinical
condition of the teeth to their histopathological condition, called the
International Dental Caries Discovery and Assessment System (ICDAS). In
2005, an amendment was applied and the ICDAS-II standards were created.
ICDAS-II provides standardization in data collection it is comparable to
studies and has good reproducibility and accuracy in detecting occlusal caries
(Tassoker et al., in 2020).
Since early caries detection is not simple, new technologies have been
investigated as diagnostic tools to identify and quantify early caries lesions.
These methods, the laser fluorescence-based devices include the
DIAGNOdent pen. This device uses a simple diode laser that irradiates the
tooth at a specific wavelength. The light is absorbed by organic and inorganic
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substances present in the dental tissues, as well as by metabolites from oral
bacteria (porphyrins), showing numerical values to differentiate between
sound and carious tissues (Kouchaji, 2012). The values range from 0 to 99 on
the screen of the device. Higher values indicate more extensive caries lesion
(Nokhbatolfoghahaie et al., 2013).
Recently, there has been an increasing popularity of digital radiographs
compared to conventional radiographs because of the time-consuming
processing of conventional radiographs, the decreased patient exposure to
ionizing radiation in digital radiography, and the possibility of changing the
contrast and density with the digital radiographs (Dehghani et al., 2017).
It is a commonly used method for caries detection as some clinicians
believe that even in an ideal clinical situation with good light and clean and
dry teeth, clinical examinations conducted without adjunctive radiography
have shown to underestimate the actual caries lesion level. However, it has
some limitations (Abdelaziz et al., 2018). The limitation of radiographic
examination lies in being inaccurate in determining the extension of the
carious lesions and it is only possible to observe the lesion when the
demineralization has already affected at least 30% to 40% of the enamel,
causing irreversible mineral loss (Bader, Shugars and Bonito 2001).
Moreover, the radiographic examination does not enable the detection of
caries activity (Loiola et al., 2012).
Aim of the Study:
To compare the clinical performance and accuracy of international
caries detection and assessment system- II (ICDAS II) versus DIAGNOdent
pen and digital bitewing radiography in the detection of occlusal caries in the
primary teeth.
Materials and Methods:
This study was an in vivo study. All participants recruited from the
diagnosis clinic, all clinical and radiographic procedures were conducted in
dental clinics at the faculty of dentistry, Beirut Arab University. A total
number of 377 primary teeth in a minimum of 50 children will be included in
this study according to the sample size calculation through free online sample
size calculator raosoft with a margin of error 5% and confidence level 95%.
Both genders were selected according to the following inclusion and exclusion
criteria.
Inclusion Criteria:
The participants enrolled in this study showed the following criteria:
 Children aged 6-11years old.
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 Children have at least two primary molars that require diagnostic
radiographs.
 All children should be free of any medical conditions
Exclusion Criteria:
Children were excluded if they showed the following criteria:
 Uncooperative behavior.
 Children with special health care needs.
 Children with developmental anomalies of teeth.
 Children of parents who refused to sign the consent agreement.
Ethical Approval
Ethical approval from the Beirut Arab University Institutional Review
Board (IRB-BAU) was obtained before conducting the study (IRB code:
2019H-0072-D-M-0357). Moreover, the study protocol was approved from
ethical and scientific committee at BAU before initiation of the study. The
objectives, risk, benefits of the study were explained to parents/guardians, and
a signed informed consent was obtained before inclusion in the study.
Intra Examiner Reliability
The operator was calibrated for using DIAGNOdent pen, ICADS, and
Bitewing Radiographic Examination for accurate diagnosis. Each occlusal
surface was measured three times by described procedure, and the average of
these three measurements was considered as a definite value. After achieving
a consistent reproducibility verified by the senior investigator the examiner
has carried out the study.Kappa test was calculated to ensure an appropriate
level of agreement with gold standard examiner and reliability (Kappa=91).
Methodology
1. Visual Examination (ICADS II): All visual examination will be
conducted under standard conditions with patients positioned in a
dental chair, a professional dental light with a plain dental mirror and
air/water spray for drying teeth during 5 seconds (AIjehaniet al.,2007).
After that, visual ICDAS II scorings will be recorded according to
ICADS II criteria (Table1) (Fig.1).
2. Laser Fluorescence Examination (DIAGNOdent Pen): Scanning
with the laser fluorescence system will be performed following
manufacturer instructions. The DIAGNOdent pen readings will be
recorded according to the scale. (Bhumireddy et al., 2018)(table
2)(Fig.2).
3. Radiographic Examination (Digital Bitewing Radiographs): For
radiographic examination, digital bitewing radiographs with a digital
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sensor holder will be used. The examination and scoring will be done
according to the radiographic criteria (Dunkley et al., 2007) (Table 3)
(Fig.3).
Validation Method
The validation of the findings (gold standard) was determined by
fissure eradication as a part of restorative procedure. However, not all fissures
could be legitimized, as this is an invasive method. In addition, the examiners
used the dentin hardness criterion to distinguish the carious and healthy dentin.
Consequently, for ethical reasons, opening of the cavities occurred only in
cases when examiners agreed to the presence of dentin caries. The caries lesion
was removed until hard dentin was found. In addition, the examiners used the
dentin hardness criterion to distinguish the carious and healthy dentin.
Table 1: Description of International Caries Detection and Assessment System II visual
criteria (ICADS II) (Bhumireddy et al., 2018)
Code
Clinical criteria description
0
1

2

3

4
5
6

Sound tooth surface: no evidence of caries after prolonged air drying (5 s)
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.
Distinct visual change in enamel: opacity or discoloration distinctly visible at
the entrance to the pit and fissure when wet, the lesion must still be visible when
dry.
Localized enamel breakdown due to caries with no visible dentin or underlying
shadow: opacity or discoloration wider than the natural fissure fossa when wet
and after prolonged air drying.
Underlying dark shadow from dentin localized enamel breakdown.
Distinct cavity with visible dentin: visual evidence of demineralization and
dentin exposed.
Extensive distinct cavity with visible dentin and more than half of the surface
involved.
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Figure 1: ICADS II criteria for primary teeth in upper and lower quadrant
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Table 2: Scale of DIAGNOdent Pen scores
Display value
Clinical situation
0-13
14-20
21-29
≥30

Healthy tooth.
Enamel caries
Deep enamel caries
Dentin caries

Figure 2: Isolation and application DIAGNOdent pen for lower left primary molars

Score
0
1
2
3
4

www.eujournal.org

Table 3: Radiographic Examination scores
Radiographic criteria description
No radiolucency.
Radiolucency confined to the enamel.
Radiolucency in the outer third of the dentine.
Radiolucency in the middle third of the dentine.
Radiolucency is reaching the pulpal third of the dentine.
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Figure 3: (a, b, c,d and e) Scoring of Digital Bitewing Radiograph (red arrows) in different
quadrants of primary teeth a: represent score 0 , b: represent score 1 , c: represent score2, d:
represent score 3 and e : represent score 4

Statistical Analysis:
All analyses were carried out using statistical software SPSS statistics
version 24 (IBM, Armonk, New York), and the level of significance was P <
0.05. Diagnostic performance of each method (ICDAS and Diagnodent pen,
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and Bitewing radiography methods) was evaluated using parameters such as
sensitivity, specificity, negative predictive value, positive predictive value,
and accuracy at three different thresholds, D0 (No Carries), D1 (Enamel) and
D2 (dentine). Accuracy was defined as the percentage of correct diagnosis in
all samples (sound and decayed surfaces). For ICDAS and radiographic
methods, Score 1 represented the cut-off point for all lesions (D1 threshold)
and Score 2 for lesions in dentine (D2 threshold). The χ2 test was employed
to compare sensitivity, specificity, and accuracy values of the different
methods. The level of significance for the χ2 test was P < 0.05.
Results
Fifty children (29 girls and 21 boys) aged 6-11 years old and 377
occlusal surfaces of the primary molar (maxilla and mandible) were enrolled;
none declined to participate. At D1, threshold sensitivity of ICADS II and
digital bitewing radiographs were statistically higher than DIAGNOdent pen
but specificity for bitewing radiographs and DIAGNOdent pen 90.69% 87.99% were statistically highly significant than ICADS II (Table4 & Table5).
The accuracy of bitewing radiograph and DIAGNOdent pen was statistically
91.25% - 82.76% higher than ICDAS II 38.58%. At D2, threshold specificity
for all diagnostic methods was almost similar with better sensitivity for
ICADS II and digital bitewing radiographs. Bitewing radiographic accuracy
was the best to detect the dentinal caries by 99% followed by ICDAS II and
Diagnodent pen 92% - 89% (Table 6 & Table7).
Table 4: Diagnostic accuracy at D1 threshold (Enamel) for ICADS II, Diagnodent Pen, and
Bitewing Radiography:
Measurements
ICADS
DP
BR
True positive
40
19
42
False negative
4
25
2
False positive
230
40
31
True negative
107
293
302
Sensitivity
90.91%
43.18%
95.45%
Specificity
31.75%
87.99%
90.69%
Positive predictive value (Precision)
14.81%
32.20%
57.53%
Negative predictive value
96.40%
92.14%
99.34%
Table 5: Test accuracy of all diagnostic methods
Test
ICADS
DP
BR
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Table 6: Diagnostic accuracy at D2 threshold (Dentin) for ICADS II, Diagnodent Pen, and
Bitewing Radiography:
Measurements
ICADS
DP
BR
True positive
63
46
85
False negative
23
40
1
False positive
7
1
1
True negative
284
290
290
Sensitivity
73.26%
53.49%
98.84%
Specificity
97.59%
99.66%
99.66%
Positive predictive value (Precision)
90.00%
97.87%
98.84%
Negative predictive value
92.51%
87.88%
99.66%
Table 7: Test accuracy of all diagnostic methods
Test
Percentage of accuracy
ICADS
92%
DP
89%
BR
99%

Discussion
Dental caries lesions constitute a significant challenge in our daily
practice, clinical management of these lesions should emphasize their early
detection, and prevention before a restorative approach is applied.
This in-vivo study was initiated to evaluate and gain knowledge about
the clinical performance of different caries detection methods suggested to aid
the clinical decision-making process. A stronger association and an
outstanding specificity were found between ICADII and the bitewing
radiographs in earlier comparable studies when the lesion threshold was of
dentin, but that was at the expense of low sensitivity. However, the most
striking outcome was the strong performance of the bitewing radiographs as it
was effective in both non-cavitated and cavitated thresholds.
The true validation of caries detection methods measuring the
presence/absence and extent of caries in the in vivo studies is justified by
clinical examination or operative evaluation. The validation method used in
true vitro studies histological examination is considered as gold standard
(Castilho et al., 2016). The validation of the collected data was performed via
cavity opening. For ethical reasons, operative treatment was performed when
the results of two diagnostic methods were in favour of the presence of lesion
approximately the enamel-dentinal border, or dentinal caries.
A greater understanding of caries lesions has led to a paradigm shift in
its management. Intervention has traditionally been the initial course of
treatment, but recent evidence indicates that prevention is a better first step. A
system that can support this new paradigm in dental caries management has
garnered significant interest. The International Caries Detection and
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Assessment System (ICDAS) is evidence-based tools for assessing the
severity of caries (Zandona & Epure, 2018).
Mortensen et al., in 2018, evaluated the performance of bitewing
radiographs, the DIAGNOdent pen, and ICDAS. The result of this study is in
agreement with our results that the digital bitewing correlated in a stronger
manner with ICDASII than with the DIAGNOdent pen and proved to be the
best method to detect occlusal lesions within the dentin.
The digital radiographic method has been introduced as an adjuvant
tool for caries lesion detection with advantages. However, in pediatric
dentistry, this method has not been fully employed for caries detection. The
consciousness and the experience of “hidden caries,” which is a caries lesion
seen in dentine by radiographic examination and clinically presents as sound
or demineralized occlusal enamel, have promoted the clinician’s attention to
the value of radiographic examination for occlusal and proximal surfaces
(Diniz et al.,2010). Many studies have concluded that the use of laser
fluorescence can improve the detection of carious lesions; particularly at an
early stage because of these hidden deep lesions are major challenges for
visual inspection (Walsh, 2018). This agreed with our results that the accuracy
and clinical performance of DIAGNOdent pen and digital bitewing
radiographs was better than ICDASII.
A systematic review has concluded that radiographs are highly
accurate for the detection of cavitated approximal lesions, but rare or no
studies could be identified that reported on occlusal lesion (Schwendicke,
Tzschoppe, and Paris (2015). Also, the available literature review about
occlusal caries lesions detection in primary teeth are limited because most of
the diagnostic methods were investigated in vitro, not in vivo, which is critical
for generalized research findings. For this reason, the present study aimed to
determine the clinical performance of ICADII versus the DIAGNOdent pen
and bitewing digital radiography to discover the occlusal caries in the primary
molars. Aside from revealing the lesion, knowing the lesion extending into the
dental tissue is crucial to the choice of restorative materials and the success of
the treatment being performed.
Nuvvula et al., in 2016 stated that it is very important to perform digital
radiograph in vivo studies to know the accuracy of diagnostic methods in
detection of carious lesions. Previous studies looked at the effect of image
enhancement on diagnostic accuracy and found out that some enhancement
procedures resulted in higher accuracy. On the other hand, others revealed
there is no effect on diagnostic accuracy. The dilemma continues and there is
insufficient evidence to support the accuracy of digital radiography. Based on
this controversy, we decided to work on bitewing digital images in the present
study.
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Schaefer et al., in 2018 compared the diagnostic outcomes of visual
inspection, digital bitewing radiography for occlusal caries detection and
assessment of posterior teeth. They have concluded that, the bitewing
radiography had no significant benefit to analyze occlusal surfaces. In
contrast, our findings confirmed that the bitewing radiography significantly
high effective in detection occlusal surfaces. However, this finding depends
on the characteristics of the study population, and different results might be
possible in different samples with divergent parameters such as age, caries
experience and risk, and socio-economic status.
There are several studies evaluating the effectiveness and accuracy of
the DIAGNOden pen in the detection of occlusal caries its performance was
in primary teeth better than traditional methods such as visual inspection and
X-ray examination. Additionally, some other studies reported that these
fluorescence-based devices should be used as additions to traditional methods
in clinical practice. For example, Neuhaus et al., in 2011 compared the
performance DIAGNOden pen with ICDASII and radiographic examination
on occlusal surfaces of primary teeth. They found that the DIAGNOden pen it
is used as an aid with ICDASII for better diagnosis (Akgul et al., 2018). This
result is similar to our findings that both diagnostic methods will give an
examination that is more accurate if they used together.
Sürme et al., in 2020 evaluated the performance of the International
Caries Detection and Assessment System (ICDAS)-II and DIAGNOdent pen
in detecting occlusal carious lesions in an in- vitro. The diagnostic methods
were evaluated at D1, D2, and D3 thresholds and they concluded that the
DIAGNOdent Pen and (ICDAS)-II methods might be effective in detecting
hidden occlusal caries in both primary and permanent teeth. These results are
in agreement with the outcomes of the current study that both methods have
proven their effectiveness in occlusal surface of primary molars.
While Hassan et al., in 2019, evaluated the clinical sensitivity and
specificity of the DIAGNOdent pen and the ICDAS II in the detection of initial
occlusal carious lesions in 50 children. One occlusal surface of each tooth with
carious lesions ranging from 0 to 3 was as a gold standard. The results showed
that both methods showed a high correlation in early caries detection.
However, in difficult diagnoses, the DIAGNOdent pen provides additional
sensitivity than ICDAS II. This result agreed with our results that there are a
high correlation in caries detection and clinical validation for both methods.
The sensitivity of DIAGNOdent pen in present study was 95.95% while only
14.23% for ICDAS II.
Conducting adequately sizes randomized control trials to study the
effectiveness of all caries lesions detection methods and devices for primary
teeth targeting both high and low-risk population to help in updating existing
strategies.
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Conclusion
This study showed that ICDAS II, Diagnodent pen, and bitewing
radiography are effective for the detection of occlusal caries for primary
molars. Digital bitewing radiography correlated stronger with ICDASII than
Diagnodent pen and proved to be the best method to detect occlusal lesions
within the dentin in primary molars while Diagnodent pen and bitewing
radiography are better for detecting enamel caries lesion. In addition, the
clinical performance of three diagnostic methods was insufficient to detect
occlusal caries lesions separately. Consequently, it is advisable to use a
combination of diagnostic methods, especially in unclear cases, as well as in
cases of initial lesions and their monitoring.
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