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Abstract

Background: Some studies have addressed the influence of optical magnification on the detection of caries lesions
using a visual scoring system. However, there is a lack of research related to the use of the CAST and ADA-CCS
visual scoring systems. In addition, the reliability and accuracy of ADA-CCS index in permanent teeth were not
studied yet. So, the aim of this study was to evaluate, in vitro, the influence of different levels of optical magnifica-
tion on the detection of occlusal caries lesions in permanent molars using three visual scoring systems.

Material and Methods: One occlusal site per tooth was analyzed in 120 extracted permanent molars. Two trai-
ned examiners inspected the teeth using ICDAS (International Caries Detection and Assessment System), CAST
(Caries Assessment Spectrum and Treatment), and ADA-CCS (American Dental Association-Caries Classification
System) visual criteria, twice with each scoring system, with a one-week interval between examinations. The study
was conducted in three phases: (A) without optical magnification, (B) using a binocular lens (3.5% magnification),
and (C) using an operating microscope (16x magnification). Then, the teeth were sectioned longitudinally through
the center of the selected site and the section with the more severe lesion was histological evaluated considering the
D, (lesions in enamel and dentin) and D3 (dentin lesions) thresholds.

Results: Kappa values for intra- and inter-examiner reproducibility were good to excellent for all systems. At the
D, threshold, sensitivity, accuracy, and area under the ROC curve were high for [CDAS and CAST in all phases.
However, this was not the case for the ADA-CCS in phase C (p<0.05). At the D, diagnostic threshold, there was no
significant difference between the visual scoring systems during the study phases (p>0.05).

Conclusions: The magnification does not improve the accuracy of the visual scoring systems in the detection of
occlusal caries lesions in permanent molars.

Key words: Dental caries, caries detection, permanent teeth, visual examination, magnification.

e479



J Clin Exp Dent. 2020;12(5):e479-87.

Introduction

Visual examination is the most commonly used method
for detecting caries lesions. It is based on subjective crite-
ria including color, translucency, and hardness of the den-
tal structure. This method has high specificity but relati-
vely low sensitivity. However, the use of well-established
visual criteria allows for increased sensitivity and accu-
racy (1). ICDAS (International Caries Detection and As-
sessment System), CAST (Caries Assessment Spectrum
and Treatment) and ADA-CCS (American Dental Asso-
ciation-Caries Classification System) are visual scoring
systems that have been used in cariology studies (2-6).
The ICDAS system evaluates six stages of the carious
process, from initial changes visible in enamel to exten-
sive cavitation with dentin involvement (2,7). In vitro
and in vivo studies show that the use of ICDAS provi-
des good reproducibility and accuracy in the detection
of occlusal caries lesions in permanent teeth (1,8-11).
The CAST system includes eleven hierarchically orde-
red scores; it combines elements of other systems and is
being proposed for use in epidemiological studies. It has
shown promising results, with a more precise analysis
of different stages of caries lesions when compared to
DMF-T/dmf-t (5,12,13). Finally, the ADA-CCS system
was developed to provide a classification of the entire
range of caries (healthy, or exhibiting initial, moderate
and advanced caries lesions) and its impact on patient
care for use in daily practice (4,14). Although this sys-
tem presents some similarities with the ICDAS criteria,
the performance of the ADA-CCS has not yet been in-
vestigated. So, this is the first study evaluating the relia-
bility and accuracy of this system in permanent teeth.

It is well known that the progression of initial caries le-
sions can be arrested with preventive and non-invasive
treatments. However, the detection of non-cavitated le-
sions and micro-cavities in enamel is a difficult task, and
any inconsistency in diagnosis will inevitably lead to
treatment variability (15). In addition, mistakes with res-
pect to dentin caries detection could lead to unnecessary
operative treatments. So, to help to clarify these challen-
ges, clinicians have turned to the use of magnification
to aid in caries diagnosis (16-21) and restorative treat-
ment decision-making (18,22,23) because it provides a
clear visualization of the carious site (16). This study
examines the use of magnification in the caries diagnosis
process and is the first to evaluate the influence of mag-
nification on the use of CAST and ADA-CCS systems.
The aim of this study was to evaluate in vitro the influen-
ce of different levels of optical magnification (binocular
lens, 3.5%; operating microscope, 16X) compared to no
magnification on the detection of occlusal caries lesions
in permanent teeth using three visual scoring systems
(ICDAS, CAST and ADA-CCS). The hypothesis of the
study was that optical magnification does not improve
the detection of caries lesions on the occlusal surface.
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Material and Methods

This study was approved by the local Research Ethics
Committee (Protocol 042/2015). We used 120 perma-
nent human third molars, which were extracted for rea-
sons unrelated to this study. The teeth were donated by
patients of the Odontology Clinic in Sdo Paulo, Brazil.
Prior to extraction, the patients provided an informed
consent about the use of their teeth for research purpo-
ses.

We included teeth with macroscopically healthy occlusal
surfaces (n=21) or with suspected carious lesions (n=67
with non cavitated lesions and n=32 with cavitated le-
sions). Teeth with occlusal restorations or with pit and
fissure sealants, hypoplasia, fluorosis, crown destruction
or extensive caries lesions on other surfaces were exclu-
ded from the study.

The teeth were cleaned and storaged, individually, in
0.1% thymol solution and refrigeration at 4 °C to inhibit
bacterial growth. So, the occlusal surfaces were photo-
graphed using a digital camera (Canon EOS, Japan). An
independent examiner, who did not participate in the
evaluation, selected one site on the occlusal surface of
each tooth. The site more susceptible to caries or presen-
ting the severest condition was selected and identified on
black-and-white printouts of each tooth.

Two examiners (S.W. and P.H.C.) who were trained and
familiar with the visual criteria performed the examina-
tions. As the examiners were not familiar with the use
of magnification, the manufacturer’s instructions were
also presented and discussed in the training sessions to
allow for correct adjustment of the settings (resolution,
working distance, field of view, depth of field and inter-
pupillary distance) of the binocular lens and operating
microscope.

The study was conducted in three phases: (A) exami-
nation under halogen light from the reflector (Model
Persus L, intensity 8,000 to 25,000 LUX, Gnatus, Ri-
beirdo Preto-SP, Brazil), without optical magnification;
(B) examination with a binocular lens (420 mm lens) of
3.5% magnification and under an LED headlight (Dens-
hine, China); and (C) examination with a wall-mounted
16x magnification operating microscope (200 mm ob-
jective - ALL 02 Operating Microscope, Alliance, Sao
Carlos-SP, Brazil) and maximum light intensity (2 halo-
gen bulbs of 15V/150W).

During each stage of the study, the examiners each eva-
luated the teeth twice using each visual scoring system,
with one-week intervals between examinations. The tee-
th were placed on a portion of modeling clay with a cot-
ton roll placed over the crown to maintain natural mois-
ture. There was no time limit on the examination, and
the sequence of the examination was reversed randomly
at each stage to avoid bias. For the visual evaluations
without optical magnification (phase A), it was conside-
red a working distance of approximately 300 mm. Du-
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ring the examination with a binocular lens (phase B), a
working distance of 350 mm was established; with the
operating microscope (phase C), a working distance of
250 mm was used. Glasses were used by the examiners
if necessary (24).

When using the ICDAS criteria, examinations were
performed with a reflector light, a triple syringe, and a
WHO ball-end probe. Each surface was classified accor-
ding to the scoring system proposed by Ismail et al. (7)
as: 0) sound tooth surface; 1) first visual change in ena-
mel; 2) distinct visual change in enamel observed when
wet; 3) localized enamel breakdown; 4) underlying dark
shadow from dentin; 5) distinct cavity with visible den-
tin, involving less than half of a tooth surface; and 6)
extensive distinct cavity, involving more than half of the
tooth. When using the CAST criteria, the occlusal sur-
faces were not dried with compressed air; excess water
was removed with gauze or a cotton roll, and the WHO
ball-end probe was used. This was followed by an exa-
mination under a reflector light. Scores of 0, 3, 4, 5, and
6 were used in the in vitro evaluation, as described by de
Souza et al. (3): 0) no visible evidence of a distinct caries
lesion is present; 3) a distinct visual change in enamel
only; 4) internal caries-related discoloration in dentin;
5) distinct cavitation into dentin, but the pulp chamber
is intact; and 6) involvement of the pulp chamber. For
examinations using ADA-CCS criteria, a reflector light,
a triple syringe, and a WHO ball-end probe were used,
as described by Young et al. (14): 0) no clinically de-
tectable lesion; 1) earliest clinically detectable lesion
compatible with mild demineralization; 2) visible signs
of enamel breakdown or signs the dentin is moderately
demineralized; and 3) enamel is fully cavitated and den-
tin is exposed.

After evaluation, the teeth were sectioned longitudinally
through the center of the selected site with a precision
cutting machine (Isomet 1000, Buehler, Lake Bluff, IL,
USA), resulting in two sections corresponding to the test
site that were sanded longitudinally in a rotary electric
polishing machine (Ecomet, Buchler, Lake Bluff, IL,
USA).

Histological analyses were performed with a stereomi-
croscopic magnifying glass according to the extent of the
lesion described by Downer (25): 0) no enamel demine-
ralization; 1) enamel demineralization limited to the outer
50% of the enamel layer; 2) demineralization involving
the inner 50% of the enamel; 3) demineralization invol-
ving the outer 50% of the dentin; and 4) demineralization
involving the inner 50% of the dentin. Dental sections
were individually analyzed by two experienced obser-
vers who were not involved in the clinical examination
(A.PM.M. and M.B.D.). In cases of disagreement, addi-
tional evaluations were performed until a consensus.
Data were analyzed using the MedCalc 15.2.2 (Ma-
riakerke, Belgium), with a significance level set at 5%.

e481

Optical magnification for caries detection

Intra- and inter-examiner reproducibility was calculated
for the three visual scoring systems at each study stage.
The weighted Cohen Kappa coefficient and 95% confi-
dence interval were calculated for ICDAS, CAST, and
ADA-CCS. Kappa values above 0.75 were considered
excellent agreement, while values between 0.40 and
0.75 were considered good agreement (8).

Sensitivity, specificity, accuracy, and area under the ROC
curve (Az) were calculated at the diagnostic D1 threshold
(lesions in enamel and dentin) and at D3 (dentin lesions)
for the three visual scoring systems in each study phase.
For the D1 threshold, ICDAS scores 1-6, CAST scores
3-6, and ADA-CCS scores 1-3 scores were considered.
For the D3 threshold, ICDAS scores 3-6, CAST scores
4-6, and ADA-CCS scores 2-3 were considered. The
McNemar test was used to compare the results for each
study phase. A non-parametric test compared differences
between Az values. Crossed 2x2 tables were constructed
to compare the three visual scoring systems and a histolo-
gical analysis. The Spearman correlation coefficient eva-
luated the correlation between the methods and a histolo-
gical analysis. A coefficient of > 0.70 indicated a strong
correlation between variables (8).

Results

We evaluated 120 teeth and the histological results
showed that 7 sites (5.8%) had a score of 0, 28 (23.3%)
had a score of 1, 43 (35.9%) had a score of 2, 18 (15.0%)
had a score of 3, and 24 (20.0%) had a score of 4.

We observed good (0.617) to excellent agreement
(0.916) among the three criteria and among the three
evaluation phases, with good intra- and inter-examiner
reproducibility. In general, we observed a slight decrea-
se in weighted Kappa values for intra- and inter-exami-
ner reliability with increasing magnification.

Table 1 shows the performance values for each visual
scoring system with respect to the three study phases for
the diagnostic thresholds D1 and D3, respectively. At the
D1 threshold, in general, sensitivity, accuracy, and area
under the ROC curve (Az) were high for the ICDAS,
CAST and ADA-CCS systems in all study phases. In
addition, the specificity values were lower than the sen-
sitivity values for all visual criteria, in all phases of the
study, being the lowest value found by ADA-CCS when
using the operating microscope (0.39). At the D3 thres-
hold, there was no statistically significant difference be-
tween the visual scoring systems during the three study
phases (p>0.05). However, the CAST system presented
higher specificity and lower sensitivity.

Tables 2, 3 and 4 show the correlation between the visual
scoring systems (without magnification, with a binocu-
lar lens, and with an operating microscope, respectively)
and the histological analysis. We observed that for the
all three different visual scoring systems, the higher
the magnification used, the lower the number of teeth
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Table 1: Sensitivity (Se), specificity (Sp), accuracy (Ac), and area under the ROC curve (Az) for the three visual scoring
systems in each study phase for diagnostic thresholds D1 (lesions in enamel and dentin) and D3 (dentin lesions).

D, Se Sp Ac Az
ICDAS
Without magnification 0.884 0.614 0.86* 0.8544
Binocular lens 0.904 0.54* 0.88* 0.8444
Operating microscope 0.948 0.43 0918 0.780®
CAST
Without magnification 0.86* 0.824 0.86* 0.865*
Binocular lens 0.884 0.754 0.87* 0.847%
Operating microscope 0.874 0.644 0.86" 0.8024
ADA-CCS
Without magnification 0.944 0.644 0.934 0.8434
Binocular lens 0.954 0.5048 0.934 0.8284
Operating microscope 0.908 0.398 0.878 0.7548
D, Se Sp Ac Az
ICDAS
Without magnification 0.804 0.81A8 0.814 0.8934
Binocular lens 0.78* 0.85* 0.824 0.876*
Operating microscope 0.79" 0.79® 0.79* 0.8714
CAST
Without magnification 0.64* 0.96* 0.854 0.8524
Binocular lens 0.66* 0.984 0.87* 0.858*
Operating microscope 0.63* 0.98* 0.86% 0.852%
ADA-CCS
Without magnification 0.7748 0.85* 0.824 0.859*
Binocular lens 0.80* 0.844 0.824 0.8674
Operating microscope 0.7148 0.88% 0.824 0.8454

Different capitalized letters in the same column indicate a statistically significant difference for each visual scoring systems

with and without magnification (p<0.05).

was classified as healthy. Consequently, with increasing
magnification, many enamel lesions were identified on
surfaces that were considered healthy in the histological
examination.

Regarding the identification of enamel lesions, without
magnification (ICDAS scores 1 to 3, CAST score 3, and
ADA-CCS score 1) the presence of these lesions was
confirmed by the histological examination (scores 1 and
2), in 75% to 76.7% of the cases. On the other hand,
the identification of enamel lesions with a binocular lens
was confirmed by the histological examination in 74.4%
to 78.9% of the cases. With the operating microscope,
the presence of these lesions was confirmed in 71.5%
to 87.0% of the cases. With regard to the dentin lesions
without magnification (ICDAS and CAST scores 4 to
6 or ADA-CCS scores 2 and 3) the presence of these
lesions was confirmed by the histological examination
(scores 3 and 4) in 64.3% to 77.4% of cases. Similarly,
the identification of dentin lesions with a binocular lens

was confirmed in 63.1% to 79.8% of the cases. With the
operating microscope, the dentin lesions were confirmed
in 60.7% to 71.4% of the cases.

So, a marginal effect of magnification was observed only
in the case of shaded lesions (score 4 according to ICDAS
and CAST), when the higher the magnification, the lower
the number of lesions confirmed as dentin lesions by the
histological examination (scores 3 and 4). In the identifi-
cation of advanced dentin lesions, without magnification,
only one lesion classified as score 5 using the ICDAS cri-
teria was restricted to enamel on histological evaluation
(score 2). One surface classified as healthy using all visual
systems was validated as dentin lesion on histological
evaluation (score 3) and 2 surfaces classified as healthy
using ICDAS and the CAST criteria were validated as ad-
vanced dentin lesions on histological evaluation (score 4).
With the binocular lens 4 cases and with the operating mi-
croscope 3 cases judged as advanced dentin lesions using
ICDAS (scores 5 and 6) were validated as enamel lesions
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Table 2: Cross tabulation between the three visual scoring systems and the histological analysis for the study phase A

(without magnification).

ICDAS Histological
0 | 1 | 2 | 3 | 4
Sound
0 17 32 | 21 1 | 2
Total (%) (60.7%) (18.7%) (1.8%)
Enamel
1 7 33 28 1 1
2 4 38 73 23 6
3 0 6 40 16 5
Total n 11 77 141 40 12
(%) (39.3%) (76.7%) (30.9%)
Dentin
4 0 3 9 17 13
5 0 0 1 14 22
6 0 0 0 0 47
Total n 0 3 10 31 82
(%) (0.0%) (4.6%) (67.3%)
CAST Histological
0 | 1 | 2 | 3 | 4
Sound
0 23 35 | 25 1 | 2
Total (%) (82.2%) (21.1%) (1.8%)
Enamel
3 5 75 | 138 42 | 15
Total (%) (17.8%) (75.0%) (33.9%)
Dentin
4 0 2 9 15 8
5 0 0 0 14 21
6 0 0 0 0 50
Total n 0 2 9 29 79
(%) (0.0%) (3.9%) (64.3%)
ADA-CCS Histological
0 | 1 | 2 | 3 | 4
Sound
0 18 13 | 11 1 | 0
Total (%) (64.3%) (8.5%) (0.6%)
Enamel
1 9 93 | 121 22 | 15
Total (%) (32.1%) (75.3%) (22.0%)
Dentin
2 0 6 40 39 11
3 1 0 0 10 70
Total n 1 6 40 49 81
(%) (3.6%) (16.2%) (77.4%)
TOTALS 28 112 | 172 72 | 96
N (%) 28 (5.8%) 284 (59.2%) 168 (35.0%)

§Total number of visual assessments performed twice by the two examiners (120 sites * 4 = 480 assessments).

on histological evaluation (scores 1 and 2). The advan-
ced dentin lesions classified by the CAST criteria (scores
5 and 6), with or without the use of magnification, were
truly validated as dentin lesions on histological evaluation
(scores 3 and 4).

With the ICDAS, a higher correlation was found without
magnification (0.725) and the lower value was related to
operating microscope (0.680). Regarding the CAST, the
correlation values were similar (0.701 without magnifi-
cation; 0.714 for Binocular Lens and 0.709 for micros-
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Table 3: Cross tabulation between the three visual scoring systems and the histological analysis for the study phase B

(with a binocular lens).

ICDAS Histological
0 | 1 | 2 | 3 | 4
Sound
0 15 26 | 19 1 | 0
Total (%) (53.6%) (15.8%) (0.6%)
Enamel
1 8 36 26 6 3
2 5 41 38 20 7
3 0 5 28 18 7
Total n 13 82 142 44 17
(%) (46.4%) (78.9%) (36.3%)
Dentin
4 0 2 9 14 11
5 0 1 2 13 28
6 0 1 0 0 40
Total n 0 4 11 27 79
(%) (0.0%) (5.3%) (63.1%)
CAST Histological
0 | 1 2 3 | 4
Sound
0 21 31 | 22 0 | 1
Total (%) (75.0%) (18.7%) (0.6%)
Enamel
3 7 80 | 144 44 | 13
Total (%) (25.0%) (78.9%) (33.9%)
Dentin
4 0 1 6 13 12
5 0 0 0 15 21
6 0 0 0 0 49
Total n 0 1 6 28 82
(%) (0.0%) (2.4%) (65.5%)
ADA-CCS Histological
0 | 1 2 3 | 4
Sound
0 14 13 | 9 0 | 0
Total (%) (50.0%) (7.8%) (0.0%)
Enamel
1 14 9 | 115 18 | 16
Total (%) (50.0%) (74.4%) (20.2%)
Dentin
2 0 3 46 41 10
3 0 0 2 13 70
Total n 0 3 48 54 80
(%) (0.0%) (17.8%) (79.8%)
TOTALS 28 112 172 72 96
N (%) 28 (5.8%) 284 (59.2%) 168 (35.0%)

§Total number of visual assessments performed twice by the two examiners (120 sites * 4 = 480 assessments).

cope). The ADA-CCS was lower correlated to histolo-
gical founds when was used the operating microscope
(0.654). With the binocular lens and without magnifica-
tion, the correlations were 0.712 and 0.693, respectively.

Discussion
To date, many authors have evaluated the effect of
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use of magnification on the treatment decision process
(18,22,23), whereas the present study evaluated its effect
on the diagnostic process. This is particularly relevant
because the criteria evaluated in the present study assess
caries lesions based on their different stages of develo-
pment (17,19,20,26). In addition, there is not enough
research investigating the effect of magnification on the
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Table 4: Cross tabulation between the three visual scoring systems and the histological analysis for the study phase C

(with an operating microscope).

Optical magnification for caries detection

ICDAS Histological
0 1 2 | 3 | 4
Sound
0 12 16 | 9 0 | 0
Total (%) (42.8%) (8.8%) (0.0%)
Enamel
1 6 29 21 2 1
2 5 52 96 26 6
3 5 14 35 21 10
Total n 16 95 152 49 17
(%) (57.2%) (87.0%) (39.3%)
Dentin
4 0 0 9 10 12
5 0 0 2 13 27
6 0 1 0 0 40
Total n 0 1 11 23 79
(%) (0.0%) (4.2%) (60.7%)
CAST Histological
0 1 2 | 3 | 4
Sound
0 18 33 | 23 0 | 1
Total (%) (64.3%) (19.7%) (0.6%)
Enamel
3 10 79 | 144 47 | 14
Total (%) (35.7%) (78.5%) (36.3%)
Dentin
4 0 0 5 14 8
5 0 0 0 11 22
6 0 0 0 0 51
Total n 0 0 5 25 81
(%) (0.0%) (1.8%) (63.1%)
ADA-CCS Histological
0 1 2 | 3 | 4
Sound
0 11 24 | 19 0 | 1
Total (%) (39.3%) (15.1%) (0.6%)
Enamel
1 17 79 | 124 34 | 13
Total (%) (60.7%) (71.5%) (28.0%)
Dentin
2 0 9 29 32 15
3 0 0 0 6 67
Total n 0 9 29 38 82
(%) (0.0%) (13.4%) (71.4%)
TOTALS§ 28 112 172 72 | 96
N (%) 28 (5.8%) 284 (59.2%) 168 (35.0%)

§Total number of visual assessments performed twice by the two examiners (120 sites * 4 = 480 assessments).

use of CAST and ADA-CCS visual scoring systems for
detecting caries lesions on permanent teeth. In the pre-
sent study, we confirmed the hypothesis that the use of
magnification does not improve the detection of occlusal
caries lesions using ICDAS, CAST and ADA-CCS vi-
sual scoring systems.
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In general, we found good agreement between different
visual scoring systems, with or without optical magni-
fication. Indeed, the practice and training required for
the precise application of validated criteria to assess and
classify different stages of caries lesions improves the
reproducibility and overall performance of the method
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(1). There have been reports on the reliable application
of the ICDAS (2,7) and CAST criteria (13). However,
Mitropoulous et al. (20) reported a reduction in in-
ter-examiner reproducibility with the use of a bifocal
lens (x2.8) in the detection of ICDAS score 1 lesions on
the occlusal surfaces of permanent teeth. The authors at-
tribute this to the possible presence of pigmentation and
other non-carious defects (e.g., developmental), which
may lead to an erroneous classification of early enamel
lesions.

Regarding the lower Kappa values found in the as-
sessment of inter-examiner reproducibility, intensive
training sessions were performed to minimize this va-
riability. Zafersoy-Akarslan et al. (19) suggest that this
is a relatively common finding because of variability
in experience of evaluators. In the present study, both
examiners were enrolled in a post-graduate program in
dentistry with more than 3 years of clinical experience
in dental caries diagnosis. However, no examiner had
experience in the use of optical magnification, which
could be influenced the results. In addition, the caries
detection relies on a subjective evaluation of each dental
professional that may have a different interpretation of
the dental surfaces’ characteristics and of the signs of
the caries disease based on visual acuity, experience or
education (11).

This in vitro study was the first to evaluate the use of
ADA-CCS criteria in the detection of occlusal caries le-
sions in permanent teeth. For the detection of enamel
lesions without magnification, we found high values of
sensitivity, accuracy and Az, but low values of specifici-
ty. However, the use of the operating microscope decrea-
sed the accuracy of the ADA-CCS system, emphasizing
that the magnification should not be indicated for caries
detection using this criterion.

The use of magnification in the detection of caries le-
sions has inherent limitations, such as a reduction in the
field and depth of vision (21, 23). Erten et al. (17) found
that the use of an operating microscope with a magni-
fication of 16x increases the number of false-positive
diagnoses. This is in agreement with the findings of our
study as shown in tables 2 to 4. The use of an opera-
ting microscope may have overestimated caries lesions,
especially using the ICDAS visual criteria, with sound
surfaces being assessed as having non-cavitated lesions
(D1 threshold) with an increased level of magnification.
In addition to the correlation of visual scoring sys-
tem-related data with histological findings, the limita-
tion in identifying healthy surfaces resulted in an ove-
restimation of enamel lesions for all the scoring systems
(ICDAS scores 1 to 3, CAST score 3, and ADA-CCS
score 1). Consequently, we believe that when histolo-
gically healthy surfaces are erroneously classified as
enamel lesions, it leads to unnecessary therapeutic and
control measures with additional costs. Any inconsisten-
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cy in diagnosis inevitably leads to undesirable changes
in treatment (15).

Although this overestimation was not significant with
respect to the detection of dentin lesions, we observed
that in the case of shaded lesions (code 4 according to
ICDAS and CAST), the higher the magnification, the
lower the number of lesions identified. The exclusion
of extensively cavitated lesions in dentin during sample
selection may also have influenced these results. Never-
theless, with the use of ICDAS and ADA-CCS criteria,
we noticed that some cases judged as advanced dentin
lesions were shown to be healthy or restricted to the ena-
mel according to the histological examination; the num-
ber of such lesions increased with an increase in the le-
vel of magnification. In fact, the use of magnification for
detecting occlusal caries lesions in permanent molars,
especially under an operating microscope, increases the
number of false-positive results and may consequently
result in overtreatment (17). In addition, the similarities
between ADA-CCS and ICDAS criteria could explain
these results. The ADA-CCS and ICDAS used in the
protocol of the ICCMS (International Caries Classifica-
tion and Management System) (27), classify the clinical
stage of the carious lesions in a more objective caries
categories, being the visible signs of discontinuity in the
enamel and the presence of signs of shading or the pre-
sence of dentin demineralization considered moderate
stage caries.

The incidence of diagnostic mistakes can occur, especia-
Ily with low specificity values as observed for all three
scoring systems. Baelum (28) also reported that the in-
crease in false-positive results due to the low specificity
of the diagnostic method may lead to a substantial in-
crease in the indication for invasive treatment. Accor-
dingly, the best diagnostic method should result in pa-
tient-centered outcomes in terms of better oral health in
the long run.

Although the correlation between visual scoring systems
and histological analysis or even the values of sensiti-
vity, accuracy and the values of the Spearman correla-
tion coefficients have remained similar to some extent
regardless of the use of magnification, studies that have
used magnification have shown an increase in the accu-
racy of the visual examination for the detection of ca-
ries lesions (16,26) and for making treatment decisions
(18,22), or similar results (20,23). On the other hand, the
risk of false-positive diagnoses has also been highligh-
ted (26). Such differences can be explained by the use
of different methodologies, different sample selection
criteria or heterogeneous magnification levels. With the
use of indices and visual criteria, differences in interpre-
tation may also occur because of variability in the visual
perception of evaluators or differences in the source of
illumination (24,26). In the present study, different ligh-
ting sources, specific to the application of each method,
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may also have interfered with the accuracy of different
methods, thus leading to over or underestimation of ca-
ries lesions in the results.

In the future, clinical studies need to be performed to
evaluate the effect of different levels of magnification
(e.g., a binocular lens and an operating microscope) on
the detection of occlusal caries lesions and consequent
treatment decisions.

In conclusion, the use of magnification does not improve
the visual detection of occlusal caries lesions in perma-
nent teeth. As the higher the magnification used, higher
diagnostic errors can be found.
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