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Clinical Relevance

The ICDAS proved to be a reproducible method with good performance in detecting carious
lesions in the dentin threshold. The ICDAS-LAA criteria were reproducible to assess caries
activity, but with a low degree of accuracy.

SUMMARY

Objective: The aim of this study was to inves-

tigate the clinical performance and to validate

the Lesion Activity Assessment (LAA) in con-

junction with the International Caries Detec-

tion and Assessment System (ICDAS) for

occlusal caries diagnosis in permanent teeth.

Methods: Patients with erupted or partially

erupted third molars were recruited from the

surgery clinic of the School of Dentistry of the

Universidade Federal de Minas Gerais, Brazil.

A calibrated examiner evaluated 49 teeth using

the ICDAS-LAA criteria. The histologic criteri-

on proposed by Ekstrand and others was used
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to validate severity at the thresholds D1 (outer
half of the enamel), D2 (inner half of the
enamel and outer third of the dentin), and D3
(inner or middle third of the dentin). Lesion
activity was validated using 0.1% methyl red
solution.

Results: The method demonstrated good reli-
ability (weighted kappa for severity=0.60; un-
weighted kappa for activity=0.61). The ICDAS
presented a higher performance for lesion
detection (area under the receiver operating
characteristic curve [Az]=0.79) using the
threshold D3. At the thresholds D1 and D2,
the results for Az were 0.57 and 0.74, respec-
tively. Regarding the ICDAS-LAA, Az = 0.59.

Conclusions: Clinical protocols can use ICDAS
for the severity diagnosis of occlusal caries,
but the LAA performance was poor.

INTRODUCTION

Epidemiologic studies have demonstrated that den-
tal caries continues to be a public health problem
worldwide. Changes in the preferential sites of
occurrence and behavior of carious lesions have
made diagnosis difficult. With its complex anatomy,
the occlusal surface of molars favors the buildup of
biofilm. Such sites are more vulnerable to the
development of caries, so there is increased concern
regarding the detection of these lesions1-3 and their
activity status.

The International Caries Detection and Assess-
ment System (ICDAS) was developed to improve the
accuracy of clinical decisions on caries assessment.
The system was modified in 2005 by adding criteria
for lesion activity assessment (LAA).4 The LAA is
based on the study of Nyvad and others5 and was
validated by Ekstrand and others.6

The LAA is one available system that may be used
in conjunction with ICDAS to assess caries activity,
although there are other options.5,7 Assessing lesion
activity is important because of the decreasing
incidence of caries in contemporary populations and
because the overall slow rate of caries progression
requires a more sensitive diagnostic criterion. A
diagnostic system that reflects the dynamic nature
of caries is crucial to evaluate the effect of various
nonoperative interventions for caries control.5 Fur-
thermore, more accurate treatment decisions can be
made when one can distinguish active and non-active
carious lesions in conjunction with their depths.6

One clinical study tested the accuracy of the
scoring system for assessing caries activity (LAA)

in permanent and primary teeth, using an impres-
sion material (Clinpro Cario Diagnosis, Full Arch
Lactic Acid Locator, 3M ESPE, Maplewood, MN,
USA) as a validation method.6 Only one in vivo study
has assessed the activity of carious lesions in the
primary dentition, and it included the ICDAS-LAA
with histologic validation (0.1% methyl red dye). The
authors concluded that the ICDAS-LAA seems to
overestimate the activity in the cavitated lesions.8

However, clinical studies have not yet been
conducted to assess the reliability and accuracy of
the ICDAS-LAA to evaluate occlusal caries activity
in permanent teeth incorporating histologic valida-
tion. The aim of this study was to investigate the
clinical performance and to validate with histologic
exam the ICDAS-LAA for diagnosing occlusal caries
in permanent teeth.

METHODS AND MATERIALS

Ethical Considerations

This study was approved by the ethics committee of
the Universidade Federal de Minas Gerais, Brazil
(ETIC: 0484.0.203.000-10). The participants received
information on the objectives and procedures and
signed a statement of informed consent agreeing to
participate in the study.

Sample Selection

Initially, 42 volunteers (20 males and 22 females; age
range 16 to 39 years) participated in the study. All
subjects were scheduled for extractions at the surgery
clinic of the School of Dentistry of the Universidade
Federal de Minas Gerais, Brazil. Erupted or partially
erupted third molars were selected based on the
following inclusion criteria: an occlusal surface that
was free for exam; lack of restorations or sealants on
the occlusal surface; absence of extensive carious
lesions on the buccal, lingual, and proximal surfaces;
and absence of advanced degrees of hypoplastic and
fluorotic defects. The teeth were examined visually
using the ICDAS-LAA criteria by one researcher
(FVMDC) before the surgical procedure. All surgical
procedures were performed at the aforementioned
surgical clinic.

Calibration Process

One examiner (FVMDC) underwent a calibration
process according to the ICDAS Coordinating Com-
mittee Criteria Manual.9 The benchmark examiner
(SMP) presented the criteria in a 90-minute class.
Then, the researcher and the benchmark examiner
evaluated 36 tooth images and discussed the criteria
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and codes used to assess the lesion severity and
activity. One week after the theoretical calibration,
clinical training was carried out on third molars
(n=20). The teeth were cleaned with a pumice and
water paste using a brush, followed by rinsing. First,
10 teeth were examined under a dental operating
light with isolation by cotton rolls, using a 3-in-1
syringe, a plane dental mirror, and a World Health
Organization (WHO) probe (Hu-Friedy, Rio de
Janeiro, Brazil). During the visual exam, the
benchmark examiner and the researcher discussed
the ICDAS-LAA criteria and codes. After the clinical
training, they independently examined the other 10
teeth and recorded the codes. One week later, they
repeated the exam to determine intra- and inter-
examiner agreement. The weighted kappa index for
interexaminer agreement was 0.67 for severity, and
the simple kappa index was 0.70 for activity. The
weighted kappa index for intraexaminer agreement
was 0.84 for severity, and the simple kappa index
was 1.0 for activity.10

Visual Clinical Exam

The clinical exams were conducted at the dental
offices following the ICDAS Coordinating Committee
Criteria Manual recommendations.9 The teeth were
examined after cleaning with a brush and a pumice
and water paste, followed by rinsing. The clinical
exam was performed under a dental operating light
with isolation by cotton rolls, using a 3-in-1 syringe,
a plane dental mirror and a WHO probe. The
examiner chose the site presenting the severest
lesion and recorded on a schematic drawing of the
tooth occlusal surface. Then, the code was assigned
to the site as follows: 0 = no or slight change in
enamel translucency after prolonged air drying for 5
seconds; 1 = first visual change in enamel (seen only
after prolonged air drying or restricted to within the
confines of a pit or fissure); 2 = distinct visual
changes in enamel; 3 = localized enamel breakdown
in opaque or discolored enamel (without visual signs
of dentinal involvement); 4 = underlying dark
shadow from dentin; 5 = distinct cavity with visible
dentin; and 6 = extensive distinct cavity with visible
dentin (involving more than half of the surface).

Based on the ICDAS-LAA criteria, activity was
defined using the combined knowledge obtained
from the visual appearance, tactile feel, and poten-
tial for biofilm accumulation. All sites were consid-
ered natural biofilm stagnation area as the teeth
were not in occlusion. The appearance and texture
criteria were verified with a WHO probe without
assigning scores. The ICDAS codes 1, 2, and 3 were

considered active lesions when the enamel surface
was whitish/yellowish opaque, showed loss of luster,
and felt rough when the tip of the probe was moved
gently across the surface, which would indicate that
the enamel was rough because of caries and not
because of staining or partly mineralized debris,
calculus, or anatomy. Inactive enamel lesions were
recorded when the surface was whitish, brownish, or
black and the enamel was shiny and felt hard and
smooth when the tip of the probe was moved gently
across the surface. When the enamel was smooth to
probing, superficial defects were accepted if they
were open and the borders were smooth to probing. 9

An ICDAS code 4 was considered active. ICDAS
codes 5 and 6 were considered active when the
dentin surface felt soft or leathery on gently probing.
An inactive lesion was recorded when the dentin was
shiny and felt hard on gentle probing.6

After 7 days, the exam was repeated in 10
randomly selected teeth to calculate intraexaminer
reproducibility.

Histologic Validation

Immediately after extraction, the teeth were scraped
to remove debris, and stored at �208C for up to 30
days.7 Then they were thawed and sectioned perpen-
dicularly to the carious site using a diamond blade
(series 15 LC NO. 11-4276, Buhler Ltd, Lake Bluff,
IL, USA) mounted on a precision saw (Isomet, Buhler
Ltd). One trained examiner (k=0.77) blinded to the
visual examination assessed the sections under a
stereomicroscope (Carl Zeiss, Oberkochen, Germany)
at 323 magnification. Carious lesions were defined
based on the extent of a whitish or brownish
demineralization zone in the occlusal-pulp direction
and classified based on the following criteria: 0 = no
demineralization, 1 = demineralization limited to the
outer half of the enamel thickness, 2 = demineral-
ization between the inner half of the enamel and the
outer third of the dentin, 3 = demineralization in the
middle third of the dentin, and 4 = demineralization
in the inner third of the dentin.11

Validation of Caries Activity

One drop of 0.1% methyl red aqueous solution
(Merck, Rio de Janeiro, Brazil) buffered with sodium
hydroxide (pH=7) was applied to the histologic slices.
After 1 minute, the excess solution was removed with
absorbent paper, and the slices were examined under
a stereomicroscope at 323magnification. The staining
on the enamel and dentin was recorded as yellow
(indicative of inactive lesion: pH.5.5) or red (indic-
ative of active lesion: pH,5.5).11
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Statistical Analysis

Intraexaminer agreement for the ICDAS severity
and activity criteria was determined using the
weighted and simple Kappa statistic, respectively.
The validity of the diagnostic tests was expressed as
sensitivity, specificity, accuracy, and 95% confidence
intervals (CIs) at the different thresholds (D1, D2,
and D3). The cutoff points for ICDAS were defined as
D1 (0 healthy and 1 to 6 carious), D2 (0 and 1 healthy
and 2 to 6 carious), and D3 (0, 1, and 2 healthy and 3
to 6 carious). The histologic exam results were
classified as D1 (0 healthy and 1 to 4 carious), D2
(0 and 1 healthy and 2 to 4 carious), and D3 (0, 1, and
2 healthy and 3 to 4 carious). Analysis of the area
under the receiver operating characteristic curve
(Az) and 95% CI was used to evaluate the perfor-
mance of the diagnostic systems. Spearman correla-
tion coefficients were calculated to determine
correlations between the histologic exam and the
ICDAS. Caries activity was analyzed after the data
were dichotomized into healthy sites and inactive
lesions or active lesions. Statistical analysis was also
performed using only one tooth per patient, which
was selected by computer randomization. The SPSS
14 program for Windows (Chicago, IL, USA) was
used for statistical analysis.

RESULTS

Sample Characteristics

Initially, 42 people agreed to participate in the
study. After the teeth were extracted, 33 subjects
remained (19 females, 14 males; age range, 16 to 39

years old). All participants reported the use of a 0.7
mg/l F water supply and fluoride toothpaste.

The sample consisted of 49 sites obtained from 49
extracted teeth: 11 right maxillary third molars, 10
left maxillary third molars, 15 right lower third
molars, and 13 left lower third molars. The losses
were due to teeth sectioned during surgery. There
was no loss in teeth sectioned for microscopic
examination.

Diagnosis of caries activity using methyl red
showed 14 (28.5%) active and 35 (71.4%) inactive
lesions. Methyl red identified 9 active enamel lesions
and 5 active lesions in dentin. The LAA correctly
classified 11 lesions (7 enamel and 4 dentin) (Table 1).

Histologic examination showed nine healthy sites
(16.32%), 10 (20.4%) lesions extending to the outer
half of the enamel (D1), 23 (46.9%) lesions extending
to the inner half of the enamel and outer third of the
dentin (D2), and 7 (14.28%) lesions to the inner or
middle third of the dentin (D3) (Table 2). No
significant differences were found between the
analysis performed with one tooth per patient and
that performed with more than one tooth per
patient.

ICDAS-LAA Activity Criteria

The intraexaminer agreement for the ICDAS-LAA
activity criteria was k = 0.61, which was considered
good.12 The ICDAS-LAA diagnosed 32 active lesions
(65.1%), 16 (32.6%) sound sites, and one (2.0%)
inactive lesion. Sound sites and inactive lesions were
grouped for analysis in histologic and clinical
outcomes. Compared with the methyl red gold
standard, 25 sites (51.0%) were correctly classified
(Table 1). Of the seven dentin lesions, LAA classified
six as active and one as inactive lesions.

Table 1: Comparison of ICDAS-LAA Activity Criteria and
Methyl Red Stain (Gold Standard)

ICDAS-LAA
Methyl Red Stain

All Surfaces* Active Inactive Total

Active 11 21 32

Inactive 3 14 17

Total 14 35 49

Enamel**

Active 7 14 21

Inactive 2 10 12

Total 9 24 33

Dentin***

Active 4 2 6

Inactive 1 0 1

Total 5 2 7
a Scores 0–4 according to the histologic criteria.
b Scores 1–2 according to the histologic criteria.
c Scores 3–4 according to the histologic criteria.

Table 2: Comparison of the Histologic Gold Standard With
ICDAS Severity Criteria Cut-off Points

ICDAS Gold Standard

0 1 2 3 4 Total

0 4 7 5 0 0 16

1 1 2 3 2 0 8

2 3 1 10 0 0 14

3 1 0 3 1 0 5

4 0 0 1 0 1 2

5 0 0 1 1 1 3

6 0 0 0 0 1 1

Total 9 10 23 4 3 49

Abbreviation: ICDAS, International Caries Detection and Assessment
System Lesion Activity Assessment.
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The sensitivity, specificity, accuracy and Az for the
ICDAS-LAA activity criteria were 0.78, 0.40, 0.51
and 0.59, respectively (Table 3).

ICDAS-LAA Severity Criteria

The intraexaminer agreement for the ICDAS-LAA
severity criteria was kw = 0.60, which was consid-
ered good. 12 The disagreements were related to
noncavitated lesions scored 0 to 2 (Table 2).

The ICDAS determined 67.3% of cavitated and
noncavitated lesions (44.8% enamel and 22.4%
dentin lesions). In relation to the gold standard,
correct diagnoses were obtained for four healthy
sites (8.16%), two D1 (4.0%), ten D2 (20.4%), and five
D3 (10.2%) lesions (Table 2). The Spearman correla-
tion coefficient (0.515) demonstrated a moderate
correlation with the gold standard (p=0.01). Table
4 displays the specificity, sensitivity, accuracy, and
Az for the ICDAS severity criteria. The highest
sensitivity (0.71), specificity (0.86), accuracy (0.83),
and Az (0.79) values were observed at the D3
threshold.

DISCUSSION

This study investigated the clinical performance and
validated the LAA used in conjunction with the
ICDAS for the diagnosis of occlusal caries in
permanent teeth. Assessment of caries activity using
the ICDAS-LAA criteria was reproducible but had
low accuracy.

Sensitivity and specificity are test properties used
to quantify diagnostic ability. Sensitivity is the

proportion of true positives that are correctly
identified by the test. Specificity is the proportion
of true negatives that are correctly identified by the
test. Sensitivity and specificity are proportions; thus,
CIs were calculated to express their variabilities.13

The presence of dental biofilm is a predictor of
lesion activity, but the ICDAS system requires that
it be removed before the initial examination to
accurately access the lesion. Thus, biofilm could not
be used. Therefore, the criteria of whether or not the
lesion was located in a stagnation area was used as a
substitute for biofilm accumulation as, under normal
conditions, lesion progression will occur only in
biofilm stagnation areas.6 In the present study, the
teeth were not in occlusion and all the occlusal
surfaces were considered stagnation areas. This was
a shortcoming of the study as all the sites were
considered a stagnation area without actually as-
sessing the presence of biofilm.

The low accuracy found for LAA in the present
study may be because of the difficulty of examining
the occlusal surface of third molars. Their distal
position limits the light access, and gingival flaps
hamper the maintenance of dry surfaces for the
visual examination. Furthermore, the use of methyl
red for the activity validation can be considered a
subjective method that has limitations.8 Nowadays,
no accepted gold standard is available to differen-
tiate between an active and an arrested lesion upon
single examination. To overcome this lack of an
accepted gold standard, a known theoretical condi-
tion, which is associated with caries activity, can be

Table 3: Specificity, Sensitivity, Accuracy, and Az (95% CI) for ICDAS-LAA in Relation to Methyl Red Stain

ICDAS-LAA Specificity Sensitivity Accuracy Az

All surfacesa 0.40 (0.24–0.58) 0.78 (0.49–0.95) 0.51 (0.37–0.63) 0.59 (0.42–0.77)

Enamelb 0.42 (0.22–0.63) 0.78 (0.40–0.97) 0.51 (0.34–0.68) 0.59 (0.38–0.81)

Dentinc 0 0.80 (0.28–0.99) 0 (0–0.84) 0.40 (�0.064–0.86)

Abbreviations: Az, area under the receiver operating characteristic curve; CI, confidence interval; ICDAS-LAA Lesion Activity Assessment used in conjunction with the
International Caries Detection and Assessment System.
a Scores 0–4 according to the histologic criteria.
b Scores 1–2 according to the histologic criteria.
c Scores 3–4 according to the histologic criteria.

Table 4: Specificity, Sensitivity, Accuracy, and Az (95% CI) for ICDAS at the D1, D2, and D3 Thresholds

ICDAS D1 D2 D3

Specificity 0.44 (0.30–0.57) 0.68 (0.55–0.81) 0.86 (0.76–0.94)

Sensitivity 0.71 (0.59–0.83) 0.66 (0.53–0.79) 0.71 (0.59–0.83)

Accuracy 0.65 (0.52–0.78) 0.67 (0.54–0.80) 0.83 (0.73–0.93)

Az 0.57 (0.44–0.70) 0.74 (0.61–0.86) 0.79 (0.67–0.90)

Abbreviations: Az, area under the receiver operating characteristic curve; CI, confidence interval; ICDAS International Caries Detection and Assessment System; D1,
outer half of the enamel; D2, the inner half of the enamel and outer third of the dentin; D3, the inner or middle third of the dentin.

Cotta & Others: ICDAS-LAA Performance in Permanent Teeth E193

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access



used as ‘‘construct validity.’’6 The critical pH for the
demineralization of enamel is 5.5,7,11 and methyl
red changes from yellow to red in the pH range of
4.4 to 6.0.11 Based on this pH range, methyl red may
not be capable of adequately classifying some
lesions. Certain active lesions with only a slight
degree of demineralization may exhibit yellowish
staining.8,11

A previous study compared methyl red dye to
polarized light microscopy examination of teeth
sections imbibed in quinolone to assess caries
activity based on acid production. Comparison of
these techniques showed 85% agreement. Consider-
ing the tooth loss after sectioning for polarized light
microscopy, the use of the simple dye method was
justified to histologically distinguish active and
inactive lesions.11 Therefore, this method was chosen
because of practicality and comparability with other
in vivo studies. 8,11

Intraexaminer agreement for the activity criteri-
on was lower than that reported in clinical studies
on primary8 and permanent teeth.6 This could be
due to the subjectivity of the criterion as well as
the different experiences of the examiners using
ICDAS-LAA system.

The gold standard showed 81.6% of carious
lesions involving enamel or dentin. Similar results
were found for third molars examined in 19- to 30-
year-old Brazilians (81.8%).14 A frequency of 95%
was reported in premolars and molars in 18- to 35-
year-old Brazilians after histologic validation.15

These high caries frequencies may be attributed to
the patients’ risk of lesion development during the
eruption of permanent molars. The complex occlu-
sal anatomy, the difficulty in performing hygiene,
and the lack of occlusal contact can contribute to the
stagnation of biofilm.11,16,17 The use of third molars
is a possible shortcoming of validation studies in
permanent teeth. The present study could not be
carried out on first and second molars because they
are rarely extracted. First and second permanent
molars have a more pronounced groove-fossa sys-
tem than third molars.11 However, third molars
may be difficult to clean, simulating the condition in
which patients are not removing biofilm and
occlusal caries can develop within a year after tooth
eruption.17

A risk assessment for dental caries was not
performed and that could have affected the outcome.
If we had selected only high- or low-risk patients the
caries spectrum could have been different, thereby
influencing test performance. However, we focused

on selecting patients with teeth available for histo-
logic validation. Risk assessment would be crucial if
we aimed to associate the dental caries with the
patient’s related variables, but it was not the
purpose of this study.

This in vivo study demonstrates that the ICDAS
performance was higher on detecting dentin lesions
than enamel lesions. The accuracy for detecting
early demineralization on enamel was moderate.
The Az showed that ICDAS was poor regarding the
diagnosis of dental caries at the D1 and acceptable at
the D2 and D3 thresholds.

We expected higher performance of ICDAS for
identifying enamel lesions at different depths as Az
= 0.86 were previously found for permanent14 and
primary teeth8 at the threshold D1. The differences
in caries frequencies diagnosed using the gold
standard and ICDAS may be attributed to the
examiner’s difficulty in visually differentiating
healthy surfaces from those with early signs of
enamel caries (ICDAS code 1). A great proportion of
false-negatives were found in the present study.
From the 16 healthy sites classified by the ICDAS,
only 4 were confirmed by the gold standard.
Furthermore, from the nine healthy surfaces identi-
fied by the gold standard, ICDAS identified five as
carious lesions. Healthy sites may be classified as
carious, likely because of areas of discoloration,
fluorosis, or developmental defects. At the D1
threshold, false-positive rates have greater impact
than false-negatives on treatment decision because
implementing operative procedures at a healthy site
would be the worst decision.

The Az at the threshold D3 was similar to that
found in another validation study on permanent
teeth.14 However, in the present study, the frequen-
cy of deeper dentin lesions was 14.3%. The sample
presented few obviously cavitated lesions and affect-
ed the performance of the method, as such lesions
are easier to detect.

Detection of dental caries in the early stages is
more prone to disagreement between examiners.8 The
visual exam may be impaired by difficulties in
examining third molars because of their location
and the patient’s discomfort during longer exams.18

Despite these aspects, the intraexaminer agreement
regarding ICDAS severity was 0.61 in the present
study, similar to that described in in vivo studies19,20

with permanent molars. The exclusion of code 1 of the
ICDAS from the analyses, which customarily gener-
ates greater disagreement, may explain the higher
agreement values reported in a Colombian study.21
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The correlation between the ICDAS and histologic
exam was moderate and lower than that reported in
a clinical study with primary teeth.8 However,
another in vivo study found lower correlation in
permanent teeth.14 A correlation coefficient of 0.7 or
more would indicate a good correlation between the
two methods.14

The variables evaluated in multiple teeth from one
subject are not independent as the individual
characteristics play a crucial role in caries develop-
ment. Nevertheless, the ICDAS-LAA performance
was similar when the unit of analysis was one
subject or one tooth, resembling findings of previous
studies. 6,8

This study selected a convenience sample that
could have included bias. However, the sample size
was similar to that of other studies.8,15 A power of
80% was found using type I error equal to 0.05 and a
difference of sensitivities equal to 0.23 (0.93 from
Diniz and others14 compared with 0.70 from our
study).22

The advent of systematic methods offers dentists
the opportunity to enhance their diagnostic skills.
However, the proper decision regarding the pres-
ence/absence of caries as well as the severity and
likely activity of this condition, combined with
sociobehavioral aspects of the patient, remains the
responsibility of the dentist.

CONCLUSION

The ICDAS proved to be a reproducible method with
good performance in detecting carious lesions in the
dentin. The ICDAS-LAA criteria were reproducible
to assess caries activity but had low accuracy.
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