“Operative Dentistry, 2011, 36-2, 133-142

In Vitro Evaluation of
ICDAS and Radiographic
Examination of Occlusal

Surfaces and Their
Association With
Treatment Decisions

MB Diniz ® LM Lima ® G Eckert
AG Ferreira Zandona ® RCL Cordeiro ® L. Santos Pinto

Clinical Relevance

It has been suggested that occlusal caries detection has become more difficult due to the
widespread use of fluoride, which slows down lesion progression and delays cavitation. The
ability to detect caries lesions at an early stage has a significant impact on treatment
decisions, improving the possibility for a successful preventive intervention. In this
investigation, the authors found that the International Caries Detection and Assessment
System associated with radiographic examination has the potential to support treatment

decisions for occlusal surfaces.
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SUMMARY

This in vitro study evaluated the performance
of visual (International Caries Detection and
Assessment System [ICDAS]) and radiographic
(bitewing [BW]) examinations for occlusal car-
ies detection and their associations with treat-
ment decision (TD). Permanent teeth (n=104)
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with occlusal surfaces varying from sound to
cavitated were selected. Sites were identified
from 10X occlusal surface photographs. Stan-
dardized bitewing (BW) radiographs were tak-
en. Four dentists with at least five years of
experience scored all teeth twice (one-week
interval) for ICDAS (0-6), BW (0=sound,
1=caries restricted to enamel, 2—caries in outer
third dentin, 3=caries in inner third dentin),
and TD (0=no treatment, l=sealant,
2=microabrasion and sealant, 3=round bur
sealant, 4a=resin, 4b—amalgam). Histological
validation was performed by observation un-
der a light microscope, with lesions classified
on a five-point scale. Intraexaminer and inter-
examiner repeatability were assessed using
two-way tables and intraclass correlation co-
efficients (ICCs). Comparisons between per-
centage correct, specificity, sensitivity, and
area under the receiver-operating characteris-
tic (ROC) curve were performed using boot-
strap analyses. ICCs for intraexaminer and
interexaminer repeatability indicated good
repeatability for each examiner, ranging from
0.78 to 0.88, and among examiners, ranging
from 0.74 to 0.81. Correlation between ICDAS
and TD was 0.85 and between BW and TD was
0.78. Correlation between the methods and
histological scores was moderate (0.63 for
ICDAS and 0.61 for BW). The area under the
ROC curve was significantly greater for ICDAS
than for BW (»p<0.0001). ICDAS had signifi-
cantly lower specificity than BW did (p=0.0269,
79% vs 94%); however, sensitivity was much
higher for ICDAS than for BW (p<0.0001, 83%
vs 44%). Data from this investigation suggested
that the visual examination (ICDAS) showed
better performance than radiographic exami-
nation for occlusal caries detection. The IC-
DAS was strongly associated with TD.
Although the correlation between the ICDAS
and BW was lower, it is still valuable in the
clinical decision-making process.

INTRODUCTION

The widespread use of fluoride, among other factors,
has slowed down dental caries lesion progression,
delaying cavitation and making detection of occlusal
caries more challenging.!® Caries detection has a
tremendous impact on treatment decision (TD) and
is directly linked to the patient’s dental management
and treatment outcomes.*® The dynamism and
reversibility characteristics of noncavitated lesions
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have caused changes in treatment decision-making
concepts.7

Although visual inspection and radiographic ex-
amination are the conventional methods used for
caries detection,®® some studies have shown consid-
erable variation among clinicians in their diagnoses,
restorative decisions, and treatment plans.1%2!
These differences occurred independently of the
study conditions, such as in vitro studies, studies
in clinical practice settings, or whether bitewing
(BW) radiographs were evaluated.!"?2 The variation
among dentists could be explained by deficiencies of
adjunctive detection tests, due to incorrect or partial
understanding of the test’s parameters* or to
variations in observers’ clinical experiences and
their professional preferences.'?

Caries lesions are diagnosed clinically via subjec-
tive assessment of alterations in color, translucence,
and dental hardness and/or roughness, depending on
whether it is an enamel or dentin lesion.?®?%*
Traditional visual caries examinations tend to have
high specificity and low sensitivity.?’ Therefore,
different criteria have been proposed to provide
defined descriptors of different severity stages of
caries lesions. %3226

One promising new visual criterion is the Inter-
national Caries Detection and Assessment System
(ICDAS), which was introduced for use in dental
education, clinical practice, research, and epidemi-
ology.?” The ICDAS describes six stages of caries
extension, varying from initial changes visible in
enamel to frank cavitation in dentin.?%2%2° Although
some studies have shown good reproducibility and
accuracy of the ICDAS for occlusal caries detection
in permanent teeth,?5293* there still is a need to
study how it affects the treatment options for those
surfaces. The literature has suggested that the
ICDAS criteria have the potential to aid treatment
planning.?® Recently, Longbottom and others®® in-
troduced a guidance of caries-preventive treatment
options for the different ICDAS scores. According to
the authors, there is limited strong evidence sup-
porting the use of specific techniques for secondary
prevention to arrest and/or reverse the caries process
after initiation of clinical signs for any caries lesion
severity.3®

Radiographic examination has shown greater
detection sensitivity for approximal than occlusal
surfaces, warranting its use when visual findings
may be questionable.?” According to the authors,
clinical examination performed better than radio-
graphic examination in noncavitated lesions, partic-
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ularly on occlusal surfaces. They stress that radio-
graphs are important for detecting caries lesions
that remain undetected by visual examination, and
if the lesions’ depth could be assessed, it would
enable a correlation between their severity and
treatment choices. Dentists are influenced by differ-
ent factors when making restorative decisions, such
as the various degrees of a lesion’s depth seen on BW
radiographs®*3° and observed in clinical examina-
tion. No study to date has looked at the impact of the
use of ICDAS criteria in conjunction with radio-
graphic examination in TDs. Thus, the aim of this in
vitro study was to evaluate the performance of visual
(ICDAS) and radiographic (BW) examinations for
occlusal caries detection and their associations with
the TD.

METHODS AND MATERIALS

For this Institutional Review Board—exempt study,
104 permanent human premolars and molars,
without sealants or restorations, hypoplasia, fluoro-
sis, or caries lesions on smooth or proximal surfaces,
were selected from a pool of extracted teeth, which
were stored in 0.1% thymol solution at 4°C until use.
Calculus and debris were removed using a scaler,
and the teeth were then cleaned for 15 seconds with
water and Robson brush in a low-speed handpiece.

Black-and-white photographs of the occlusal sur-
faces were taken under a stereomicroscope (SZX7,
Olympus Corporation, Tokyo, Japan) with 10X
magnification. One occlusal site per tooth, varying
from sound to cavitated, was selected at random as
the test site by an independent person who was not
an examiner of this study, avoiding selection bias.
Each photograph, printed on draft-quality paper,
had an opaque dot covering the test site to allow the
examiners to localize precisely the test site during
the examinations and to avoid potential bias due to
the magnification of the photograph. Standardized
BW radiographs were taken of all teeth using a fixed
apparatus with a film holder, with a distance of 23
cm from the x-ray tube, an x-ray machine (Spectro
70X, Dabi-Atlante, Ribeirdo Preto, Sao Paulo, Bra-
zil), and a single ultra-speed film (Kodak Insight, 22
X 35 mm, Kodak, Rochester, MN, USA) at 70 kVp, 8
mA, and exposure time of 0.30 seconds. All radio-
graphs were processed by an automatic x-ray film
developer (Dent-X 9000, Dent-X, Emsford, NY,
USA), placed in transparent cards and identified.

Visual caries examinations were performed by
four dentists from the Department of Pediatric
Dentistry, including two adjunct professors with 15
years’ postgraduate experience and two PhD stu-

dents with eight years’ postgraduate experience. The
assessments were carried out twice, separated by a
one-week interval, for assessment of intraexaminer
repeatability.

Before the assessments, the four examiners par-
ticipated in a training session. First, the examiners
simultaneously performed the online ICDAS e-
learning program?’ developed by the ICDAS Foun-
dation, which consists of a 90-minute course regard-
ing the application and collection of the coding
system divided into the following: introduction,
ICDAS examination protocol, ICDAS caries codes,
information on the application of the coding system,
a decision tree, instructions on how to collect data for
the recording codes, and interactive quizzes. After-
ward, a discussion session regarding the differenti-
ation of the clinical aspects of the ICDAS carious
lesion stages was followed by practice exercises
using clinical photographs and 18 extracted teeth,
which were not part of this study.

Visual examination was performed independently
using the ICDAS codes. The occlusal surface of each
tooth was examined with direct visualization, with
the aid of a light reflector and a 3-in-1 air syringe.
The teeth were coded as shown in Table 1.

After the visual examination, the radiographs
were then examined independently using an x-ray
viewer and an x-ray film magnifier (magnification
2X; VRX-Fabinject, Taubaté, Sdo Paulo, Brazil) in a
dark room to determine whether the occlusal
surfaces under study showed (0) no radiolucency,
(1) radiolucency in enamel, (2) radiolucency in the
outer half of dentin, and (3) radiolucency in the inner
half of dentin.?! The examiners were blinded during
the x-ray examination, and they did not have access
to the test tooth.

TD evaluations were performed independently
based on visual examination associated with the
radiographic examination. For this procedure, the
ICDAS and the radiographic examination (BW)
scores were available to the examiner when selecting
the TD score for each tooth. The following scores
were used: (0) no treatment, (1) sealant application,
(2) microabrasion and sealant application, (3) round
bur and sealant application, (4a) composite resin
restoration, or (4b) amalgam restoration. Visual
examination, radiographic examination, and TD
were performed on the same day. The teeth were
randomly numbered and reordered before each
evaluation.

For validation, black-and-white copies of the
digital photographs, printed on draft-quality paper,
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Table 1: International Caries Detection and Assessment System Codes and the Corresponding Histological Criteria According to
Ekstrand and Others'”
Code Clinical Criteria Histological Criteria

0 Sound tooth surface: no evidence of caries after 5 s air drying No enamel demineralization

1 First visual change in enamel: opacity or discoloration (white or Demineralization limited to the outer half of the enamel
brown) is visible at the entrance to the pit or fissure after prolonged  thickness
air drying

2 Distinct visual change in enamel visible when wet; lesion must still Demineralization between inner half of the enamel and outer
be visible when dry third of the dentin

3 Localized enamel breakdown (without clinical visual signs of Demineralization in the middle third of the dentin
dentinal involvement) seen when wet and after prolonged air drying

4 Underlying dark shadow from dentin with or without localized Demineralization in the middle third of the dentin
enamel breakdown

5 Distinct cavity with visible dentin Demineralization in the inner third of the dentin

6 Extensive (more than half of the surface) distinct cavity with visible Demineralization in the inner third of the dentin
dentin

were used for the test site identification. The teeth
were longitudinally sectioned through the center of
each test site with a water-cooled diamond disk in a
machine (ISOMET 1000, Buehler Ltda, Lake Bluff,
IL, USA), resulting in two sections corresponding to
the test site. The section with a more severe lesion
was analyzed under a stereomicroscope (SZX7,
Olympus Corporation, Tokyo, Japan) with 10X
magnification. The deepest demineralization area
either in the enamel or both the enamel and the
dentin tissues was analyzed according to the five-
point histological classification system proposed by
Ekstrand and others?®: (D,) no caries, (D,) caries
lesion limited to the outer half of the enamel, (D,)
caries extending into the inner half of the enamel or
outer half of the dentin, (D) caries limited to the
middle third of the dentin, and (D,) caries involving
the inner half of the dentin. Two experienced
examiners, who also performed the other assess-
ments, examined each tooth section independently.
Sections with disagreements were reexamined, and
a consensus was reached.

The intraexaminer and interexaminer repeatabil-
ity for ICDAS, BW radiographs, and TD scores were
analyzed using two-way tables and intraclass corre-
lation coefficients (ICCs). ICCs were used rather
than kappa statistics because of the full set of
repeats for all specimens for all four examiners.

Associations among the ICDAS, BW radiographs,
and TD were assessed using two-way tables. Com-
parisons among specificity, sensitivity, and area
under the receiver-operating characteristic (ROC)
curve of the ICDAS, radiographic examination, and
TD, as well the correlation between the ICDAS and
the radiographic examination scores and the histol-
ogy scores, were performed using bootstrap analyses.
The bootstrap methodology uses resampling tech-
niques to estimate statistics and perform compari-
sons for values that are not normally distributed.
Accuracy was measured by the area under the ROC
curve, using the following guidelines: an area of 0.90
to 1.0 represented an excellent test, an area of 0.80 to
0.90 indicated a good test, 0.70 to 0.80 was fair, 0.60
to 0.70 was poor, and 0.50 to 0.60 was a failure.*!

RESULTS

Based on the histological evaluation of the tooth
sections, six teeth had no caries, 21 had a caries
lesion limited to the outer half of the enamel, 47 had
caries extending into the inner half of the enamel or
outer half of the dentin, eight had caries limited to
the middle third of the dentin, and 22 had caries
involving the inner half of the dentin.

Table 2 shows the ICCs for intraexaminer and
interexaminer repeatability for the ICDAS, radio-
graphic examination (BW), and TD. ICCs for intra-
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Table 2: |Intraclass Correlation Coefficients for Intra-
examiner and Interexaminer Repeatability for
the ICDAS, Radiographic Examination (BW),
and TD

Examiner ICDAS BW TD

1 0.89 0.74 0.81

2 0.91 0.73 0.89

3 0.88 0.87 0.87

4 0.86 0.80 0.76

Overall intraexaminer 0.88 0.78 0.82

Interexaminer 0.81 0.74 0.76
Abbreviations: BW, bitewing; ICDAS, International Caries Detection and

Assessment System; TD, treatment decision.

examiner repeatability were high for the ICDAS,
BW, and TD, indicating good repeatability for each
examiner (ranging from 0.78 to 0.88). For interexa-
miner repeatability, the ICC values were also high,
indicating good agreement between examiners for
the ICDAS (0.81), BW (0.74), and TD (0.76).

Correlations were moderate to high between the
ICDAS and BW (0.74), ICDAS and TD (0.85), and
BW and TD (0.78).

Specificity, sensitivity, area under the ROC curve,
and correlation between the ICDAS and radiograph-
ic examination scores and histology are shown in
Table 3. The correlation between the methods and
histology scores was moderate (0.63 for ICDAS and
0.61 for BW). The ICDAS had a significantly lower
specificity than BW (p=0.0269, 79% vs 94%); howev-

Table 3:  Sensitivity, Specificity, Area under the ROC Curve
(A,), and Correlation of the Methods With the
Histology Scores

Method Specificity Sensitivity A, Correlation
ICDAS 0.792 0.832 0.85% 0.63?
BW 0.94° 0.44° 0.69° 0.612

Abbreviations: BW, bitewing; ICDAS, International Caries Detection and
Assessment System; ROC, receiver-operating characteristic.

ab gignificant differences represented by different superscript letters
(0<0.05; Bootstrap test).

er, the sensitivity was much higher for the ICDAS
than for BW (p<<0.0001, 83% vs 44%).

Table 4 presents the TD score distributions within
the ICDAS and BW for all examinations. It should be
noted that the ICDAS and the radiographic exami-
nation (BW) scores for each tooth were available to
the examiner when making the TDs. If the ICDAS
and BW considered the surface sound (score 0), the
TD score was mostly no treatment (99%). However,
in all cases in which the surface was sound (score 0)
based on the ICDAS but presented a radiolucency on
BW (scores 1 or 2), the TD was to seal (100%). If the
ICDAS showed initial lesions** (scores 1 and 2) and
BW showed no radiolucency (score 0) or radiolucency
in enamel (score 1), the TD score was mostly to seal
the surface with or without previous microabrasion
cavity preparation. On the other hand, approximate-
ly one-third of the initial lesions (ICDAS scores 1 and
2) without radiolucency on BW (score 0) were
recommended to be left untreated. In cases in which
there is radiolucency in the outer (score 2) or inner
half of the dentin (score 3) on BW, the TD was to seal
after microabrasion or round bur cavity preparation.
If ICDAS indicated moderate lesions*? (scores 3 and
4) and BW showed no radiolucency (score 0), the TD
score was mostly to seal after round bur cavity
preparation. Conversely, when BW showed radiolu-
cency in the outer (score 2) or inner half of the dentin
(score 3), the TD was mostly to seal after round bur
cavity preparation or to restore using composite
resin and amalgam. If the ICDAS indicated exten-
sive lesions*? (score 5 and 6), the TD scores were
mostly to restore using composite resin when BW
showed radiolucency in the outer half of the dentin
(score 2) and using amalgam when BW showed
radiolucency in the inner half of the dentin (score 3).

DISCUSSION

Optimal management of a lesion requires accurate
and reliable diagnosis combined with an appropriate
TD.2 However, variation in caries diagnosis and
treatment decision making is a well-recognized
reality.*'®1* Considerations for treatment planning
involve the correct diagnosis, the individual patient
factors (trigger conditions, risk factors, compliance),
and the dentist factors (characteristics, biases,
preferences, practice variables).?

With respect to treatment planning, the ICDAS
visual criteria can provide information to be collected
at the tooth/surface level. This information is then
synthesized with information at the patient level
(patient caries risk assessment, dentition and lesion
history, and patient behavioral assessment) to

$S900E 93l} BIA £0-60-G20Z e /wod Aioyoeignd-poid-swd-yiewlarem-jpd-awnid)/:sdiy wouy papeojumoq



138
Table 4: Percentages for the Treatment Decision Scores
Within the ICDAS and BW Considering All
Examinations®
ICDAS BW Treatment Decision
0 1 2 3 4a 4b
0 0 99 1
1 100
2 100
3
1 0 32 38 29 1
1 7 48 31 7 7
2 14 43 43
3 100
2 0 26 27 35 11
1 33 40 26 2
2 14 43 43
3
3 0 15 26 20 30 9
1 4 20 46 30
2 11 46 43
3 50 50
4 0 33 67
1 50 50
2 67 33
3 100

Operative Dentistry

Table 4: Continued.
ICDAS BW Treatment Decision
0 1 2 3 4a 4b
5 0
1 50 50
2 92 8
3 43 57
6 0
1
2 100
3 33 67
Abbreviations: BW, bitewing; ICDAS, International Caries Detection and
Assessment System.
@ According to Zero and others*’: ICDAS scores 1-2, initial lesions; ICDAS
scores 3—4, moderate lesions; ICDAS scores 5-6, extensive lesions.

inform integrated and personalized treatment plan-
ning.%?

In this study, the ICC values for the ICDAS,
radiographic examination, and TD were high for
both intraexaminer and interexaminer repeatability,
indicating excellent agreement. Our results agreed
with those found by Ekstrand and others,?® in an in
vitro study, who observed high weighted Kappa
values for ICDAS criteria for intraexaminer (0.82 to
0.87) and interexaminer repeatability (0.82). High
Kappa values were also found by Kiihnisch and
others,® in an epidemiological study applying
ICDAS criteria, for both intraexaminer (0.88) and
interexaminer (0.90) repeatability. However, Ismail
and others,?® Rodrigues and others,*! and Diniz and
others®? observed lower Kappa coefficients for
ICDAS for intraexaminer (0.58-0.82) and for inter-
examiner (0.51-0.75) agreement. This difference
could be explained by 1) the fact that in our study
the examiners were trained for the ICDAS criteria
by the e-learning program, a new interactive tool
available online to provide an overview of the criteria
and to demonstrate the different ICDAS codes,*® and
2) in our study extracted teeth were used, which is
different from the study conducted by Ismail and
others,?® which was an in vivo study.
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In contrast to our results, Rodrigues and others®!
found lower kappa values for radiographic examina-
tion for both intraexaminer (0.62) and interexaminer
(0.50) repeatability. This dissimilarity can be attri-
buted to the different examiners’ training and skills.
The ICC for TD repeatability was moderate (0.76) for
interexaminer repeatability and varied from 0.76 to
0.89 for intraexaminer repeatability. Another study
reported a good intraexaminer agreement and
moderate interexaminer agreement for restorative
treatment decision making on occlusal surfaces.!?
However, Maupomé'® showed in his study lower
kappa values for interexaminer agreement (ranging
from 0.05 to 0.65) for treatment planning. This
variation could be explained by the examiners’
decision-making skills, which in his study were
senior dental students. According to Bulman and
Osborn'® and Souza-Zaroni and others,'” even when
the examiners are accurately trained, there is no
guarantee that they will agree on diagnoses because
their decisions will be made based on knowledge and
experience previously acquired. Nevertheless, our
results showed that the examiners presented good
intraexaminer and interexaminer agreement, indi-
cating that the examiners were consistent in their
ICDAS examination, radiographic examination, and
treatment decision making. This could be related to
the clinical experience level and similar level of
training of the observers participating in the current
study, considering that all of them were from the
same department. The examiners in our study
independently carried out the examinations on the
same day, and after one week, all teeth were
reassessed. In addition, the teeth were randomly
numbered and reordered before each evaluation to
reduce recall bias.

Overall, the analysis of sensitivities and specific-
ities showed that BW presented higher specificity
(0.94) and lower sensitivity (0.44), while ICDAS
showed higher sensitivity (0.83) for occlusal caries
detection. Souza-Zaroni and others'” and Rocha and
others'® reported similar values of sensitivity (vary-
ing from 0.56 to 0.57) and specificity (from 0.74 to
1.00) when experienced professionals evaluated BW
radiographs for occlusal caries detection. For the
ICDAS criteria, after a training session, Jablonski-
Momeni and others®® observed comparable specific-
ity and sensitivity values, ranging from 0.74 to 0.91
and from 0.59 to 0.73, respectively. Rodrigues and
others®! and Diniz and others®? observed sensitivity
of 0.73 and 0.62, respectively, and specificity of 0.65
and 0.75, respectively, for ICDAS considering only
dentin caries when no training was given to the

examiners. It is important to point out that there is a
great balance between specificity (proportion of
negatives that are correctly identified by the test)
and sensitivity (proportion of actual positives that
are correctly identified by the test) for ICDAS
criteria, which is essential for an optimal diagnostic
test.? An imperfect specificity of the diagnostic test
may cause a tremendous amount of overtreatment.*

The area under the ROC curve is considered a
particularly valuable and easily interpretable mea-
sure of diagnostic accuracy.** The findings of the
current study indicate that the area under the ROC
curve (A ) for ICDAS was higher (0.85) than the area
for BW (0.69), indicating a better performance of the
visual examination. Rodrigues and others®! showed
similar results for the ICDAS criteria (0.75) and for
the radiographic examination (0.71) concerning
occlusal caries detection.

A strong correlation (0.74) was observed between
the ICDAS and radiographic examination (BW). An
in vivo study®* also showed a strong correlation
(0.70) between visual and radiographic examination
when the Ekstrand visual criterion was used. It
should be stressed that the Ekstrand visual criteri-
on?? is less discriminative than the ICDAS criteria,
which could explain the high correlation coefficients
reported in that study. Good correlation was also
observed between BW and TD. However, previous
studies of dentists have shown variation in the
accuracy of caries diagnosis from radiographs and
subsequent treatment decision making.%?!

The strongest correlation in this study was found
between the ICDAS and TD (0.85). This information
suggests that the ICDAS is the primary criterion
used for evaluating the condition of the dental
surface before the establishment of a treatment
plan. This is important since cavitation should be
the crucial endpoint before operative treatment is
initiated.® However, it should be emphasized that
the ICDAS presented only moderate correlation with
histology, which presents a problem for the validity
of the method. According to Huysmans and Long-
bottom,*® an optimal validation of a continuous
diagnostic method involves a gold standard that is
also continuous. The requirement of the sample
being representative or even only well distributed
may be one of the biggest challenges because
extracted teeth are ever harder to come by and
constitute an inherently biased group. In the present
study, although efforts have been made for a
representative sample, it was not well distributed
with respect to the number of sound teeth and teeth
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with lesions in the middle and in the inner third of
the dentin.

In a meta-analysis, Ie and Verdonschot® observed
that although carious lesions can be observed by
visual examination, caries preventive strategies will
be initiated very late. A solution to this problem
would be to detect caries lesions at an early stage of
development. In the present study, although ICDAS
has demonstrated reliability for early caries detec-
tion, it does not correlate strongly with histology.
Previous studies also reported a moderate correla-
tion between the ICDAS and the histological classi-
fication.?°32 However, Ekstrand and others?®
observed stronger correlation with histology for
visual inspection in detecting occlusal caries. These
differences could be explained by the fact that in our
study, most of the teeth had caries extending into the
inner half of the enamel or outer third of the dentin.
This means that the sample distribution was not
homogeneous, which might have influenced our
results. Another point that should be stressed is that
in the Ekstrand and others®® study, the examiners
were trained for a less discriminative visual inspec-
tion criterion than the ICDAS when the lesion was at
an advanced stage, reducing chances for errors.

Even though the BW radiograph is recognized as
inaccurate to detect small carious lesions since it is a
specific rather than sensitive method,? the results of
this present investigation indicated that BW radio-
graphs could add substantial information to the
visual examination using ICDAS criteria, leading
the examiners to a more watchful treatment decision
making. Other studies have also shown that BW
radiographs can add information to the visual
examination about many of the clinical stages of
the caries process at more advanced stages,®®
including hidden caries.*®

According to Pitts and Richards,®® the ICDAS
criteria provide information to be collected at the
tooth/surface level and at the patient level, which
can be synthesized to institute an appropriate
treatment planning. Ekstrand and others®® suggest-
ed that the appropriate treatment for active lesions
should be related to the depth/severity of the lesions
assessed by the ICDAS criteria. Active lesions with
ICDAS codes 1 and 2 require nonoperative/preven-
tive treatment, including sealants, while active
lesions with ICDAS codes 4, 5, and 6 require
operative treatment. In cases of teeth with ICDAS
code 3, it is important to use supplemental diagnos-
tic tools, such as BW radiographs, to decide which
teeth should be restored operatively. The results of
the association between ICDAS criteria and radio-
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graphic examination for treatment decision making
conform with the guidance proposed by Ekstrand
and others.?® Recently, another guidance of caries-
preventive treatment options was provided by Long-
bottom and others® for the different ICDAS scores.
In general, it was proposed that for ICDAS scores 1
and 2 (initial lesion) and 3 and 4 (moderate lesion),
measures to prevent the initiation of the disease
(primary) and treatment to arrest and/or reverse the
caries process (secondary) would be appropriate, and
for ICDAS scores 5 and 6, primary and an interac-
tion of nonoperative (secondary) and operative
procedures (tertiary) to prevent further progress of
the caries process would be required. In the present
investigation, it can be observed that the treatments
presented were sequentially used with increased
ICDAS lesions score.

In this investigation, it could be observed that
sealing after minimal cavity preparation with micro-
abrasion or round bur was indicated for initial
lesions (ICDAS scores 1 and 2) when associated with
radiolucency signals. According to Beauchamp and
others,*” removing tooth structure before placing a
sealant is not recommended since current evidence
indicates that sealants are also an effective second-
ary preventive approach when placed on early
noncavitated carious lesions. Minimal interventions
(microabrasion or round bur cavity preparation)
were proposed as treatment options in this study,
aiming to verify if dental practitioners are in reality
moving from operative to nonoperative/preventive
treatment of dental caries in clinical practice. It
could be suggested that the examiners might be
influenced by the different TDs about sealant use. As
they did not have access to the patients’ risk factors
and needs or to the caries activity status of the
lesions, there was a tendency to decide to an
operative intervention.

It is important to address that the decision to
restore or not to restore cannot be made in a simple
manner. It depends not only on occlusal surface
condition and lesion location but also on caries
activity and caries risk assessments, on factors
related to the pathogenesis of caries, and on the
abilities, knowledge, and efforts of the patient and
dentist to effectively control the caries process.
However, this in vitro study did not attempt to
provide simulated data for caries activity and caries
risk assessments.

It could be suggested that the ICDAS criteria
might benefit the community if they could be used to
guide dentists for treatment decision making. How-
ever, further clinical studies are required to assess
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the relevance and viability of combining adjunct
methods, such as radiographic examination with
ICDAS criteria, to enhance the accuracy of occlusal
caries detection and, consequently, for a personal-
ized treatment decision making avoiding both over-
treatment and undertreatment, considering
important patient factors such as caries activity,
caries risk assessment, diet, oral hygiene, and
fluoride.

CONCLUSIONS

Based on the findings of the current study, and
within the limitations of an in vitro investigation,
the ICDAS visual criteria showed better perfor-
mance than radiographic examination for occlusal
caries detection. The ICDAS was highly correlated
with TD (0.85). Although the correlation between the
ICDAS and BW was lower (0.74), it would still be of
value in the clinical decision-making process. It
should be stressed that the ICDAS did not correlate
strongly with the histology gold standard, which
presents an important question to the validity of the
method.

(Accepted 23 November 2010)
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