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A B S T R A C T

Objectives: The aim of this in vitro study was to examine the effect of different levels of magnification on
the accuracy and reliability of visual caries detection using ICDAS criteria.
Methods: Occlusal surfaces of 100 extracted molars were assessed by 14 examiners (3rd and the 4th year
dental students and dentists) using no magnification aids, a 2.5� Galilean loupe, a 4.5� Keplerian loupe,
or a surgical microscope with 10� magnification. The assessments were repeated on a different day.
Sensitivity, specificity, AUC and reliabilities were calculated according to the gold standard of histology.
Results: We found that with increasing magnification, the number of surfaces rated as “sound” (ICDAS
code 0) decreased, while the number of surfaces with a localized enamel breakdown (ICDAS code 3)
increased. While the sensitivities increased, the values of the specificities decreased to an unacceptably
low level irrespective of the clinical experience of the examiners.
Conclusions: ICDAS seems to be optimized for natural vision up to 2.0� magnification and not for high
magnifications. The use of powerful magnification in visual caries detection involves the risk of
unnecessary and premature invasive treatment.
Clinical significance: This paper discusses when it does and does not make sense to use magnification
devices for visual caries detection using ICDAS criteria. Strong magnifications should be refrained from
for this purpose.
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1. Introduction

Visual caries detection is regarded as the method of first choice
for assessing caries in patients [1]. There is a plethora of different
and heterogeneous visual caries detection systems [2]. More
recently, ICDAS [3], UniViSS [4], PUFA [5], CAST [6] and ADA CCS for
Clinical Practice [7] were presented as methods to visually
measure caries. ICDAS was introduced on the basis of a consensus
conference and might thus represent the most broadly based visual
caries detection system existing in terms of comparability. ICDAS
was also reported to be easily adoptable by dental students [8,9],
and it was reported to reliably assess the early stages of caries [10].
This is particularly important because we are currently observing a
general decline in caries prevalence, and more caries lesions are
able to be maintained at their early stages [11].

The occurrence of micro-cavities requires special attention
because at this stage of caries, some form of minimal-invasive
treatment is typically recommended. Therefore, the management
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of these early caries lesions has become an important issue of
modern conservative dentistry. To identify these early stages of
caries, using a magnification device was tested in a former study
[12]. The authors reported that the use of a dental loupe could
increase sensitivity while maintaining the level of specificity could
be maintained. In another study, it was found that sensitivity
increased with increasing magnification [13]. It was also reported
that a 2.8� magnification did not have any impact on the
diagnostic outcome of ICDAS, but rather hampered inter-examiner
reliability [14]. Finally, the UniViSS system described the use of
loupe clips with 2� magnification as part of the standard
procedure for visual caries detection [4] .

Good visual acuity is important per se for identifying micro-
cavities. In a study with 40 dentists, it was stated that higher
magnifications resulted in an improvement in the examiner's
visual acuity [15]. Until now, the ICDAS has not been tested against
the available spectrum of different magnifications. Therefore, we
wanted to examine the impact of different magnification levels on
visual caries detection in the early stages of occlusal dental caries
using ICDAS. The null hypothesis was that there is no difference in
the diagnostic outcome when using ICDAS criteria with different
magnification levels.
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2. Materials and Methods

2.1. Tooth selection

One hundred teeth (9 premolars and 91 molars) were chosen
from a pool of extracted teeth stored in 1% chloramine solution.
Informed consent was obtained from the donors for the use of their
teeth for scientific purposes. The chosen teeth had no fillings, no
signs of developmental defects like hypomineralisation and no
large cavities.

2.2. Processing of teeth

The roots were cleaned of soft tissue with a curette. The
crowns of the teeth were cleaned using air abrasion with
sodium bicarbonate for 15 s (AirFlow Master, EMS, Nyon,
Switzerland). Afterwards, the teeth were gently rinsed with
water-air-spray for 10 s and separately stored in tightly locked
containers with deionized water and alcohol (23 vol%). The
occlusal surfaces of the teeth were then digitally photographed
at 6.25� magnification (Leica M420, Heerbrugg, Switzerland).
The site of interest was marked with a point on a printout of
the photograph.

2.3. Examiners

There were three groups of examiners.
Group 1: undergraduate dental students (3rd year, no clinical

experience; n = 5)
Group 2: undergraduate dental students (4th year, one year of

clinical experience; n = 5)
Group 3: dentists (2–15 years post-graduation; n = 4)
The natural visual acuity of the examiners was tested using a

miniaturized near-vision test [15] Examiners were asked to wear
their usual corrective visual devices (lenses, glasses) if applicable.
We included only examiners with a visus >1 in the study. This
threshold is typically chosen to identify dentists with bad natural
vision [14].

2.4. Calibration

All examiners were calibrated by an experienced senior
examiner (intra-observer reliability >0.75 (weighted kappa) in a
different study). Calibration took place in small groups and
consisted of an explanation of the ICDAS system and training with
extracted teeth. Moreover, the examiners were asked to visit the
ICDAS homepage and go through the available e-learning
programme. The caries assessment was carried out according to
the ICDAS criteria. The examiners were asked to assign the
following scores:

code 0: sound surface, no caries.
code 1: initial demineralization visible after 3–5 s drying with

compressed air.
code 2: initial demineralization visible before drying.
code 3: localized enamel breakdown, no dentine visible.
code 4: underlying grey or brown shadow.
code 5: cavity <50% of the surface, dentine visible.
code 6: cavity >50% of the surface, dentine visible.

2.5. Caries assessments

The assessments of occlusal caries took place under the same
standardized conditions. A second assessment was performed
after at least one week. The examiners were blind to their previous
results and to the results of the other examiners. The methods of
visual assessment were as follows:
1) No magnification aid, working distance 300 mm, contact lenses
or glasses were allowed if necessary.

2) Galilean loupe system (FLM, SurgiTel, Ann Arbor, MI, USA):
magnification 2.5�, working distance 350 mm, head-mounted.

3) Keplerian loupe system (KS, Zeiss, Oberkochen, Germany):
magnification 4.5�, working distance 350 mm, head-mounted.

4) Surgical microscope (Leica M300, Leica microsystems, Heer-
brugg, Switzerland): magnification 10�, working distance
250 mm, integrated light source.

The head-mounted loupe systems were mounted and adjusted
by the same calibrated examiner. A standard operation lamp of a
dental chair (KaVolux, KaVo, Biberach, Germany) was used as light
source in groups 1-3 and could be individually directed by the
examiners.

2.6. Histology

The crowns were separated next to the lesions using a diamond
disc Isomet 11-1180 low-speed saw, 101.67 mm in diameter and
0.3 mm in thickness (Buehler LTD, Lake Bluff, IL, USA). Each tooth
was then longitudinally ground up to 1 mm before the measure-
ment site on a Knuth Rotor polishing machine (Struers, Ballerup,
Denmark) with silicon carbide paper with a 60 mm grain size under
cooled tap water. The progression of the grinding process was
constantly checked under a microscope (Leica M420, Heerbrugg,
Switzerland) at a magnification of 6.25�. When the periphery of
the site was reached, silicon carbide paper with a grain size of 30,
18, 8 and 5 mm was sequentially used. Photographs of the ground
site were taken at 6.25� using a microscope (Leica M420). The cut
surfaces were cleaned and stained with Rhodamine B (Inselspital-
Apotheke, Bern, Switzerland). The surfaces were then photo-
graphed at 10� (Leica M420) and scored by two experienced
examiners, using the following classification [16]:

D0–no caries.
D1– caries extending to the outer half of the enamel.
D2– caries extending to the inner half of the enamel.
D3–caries extending to the outer half of dentine.
D4– caries extending to the inner half of dentine.
In case of different scorings of a histological section, a

consensus score was determined.
Histology served as the gold standard for further statistics.

2.7. Statistics

The calculation of sensitivities, specificities, and the area under
the curve (AUC) of receiver operating characteristics (ROC) were
calculated with R software (R Development Core Team v2.15.1,
Vienna, Austria) and parametrically modelled with a logit model
on the D1 and D3 levels. We calculated a non-linear parametric
model using the package lme4 (parametric model). Estimates were
calculated using the method of Lee [17]. The 95% confidence
intervals were obtained with the method of Sen and Singer [18].
Statistical significance was calculated using the z-test.

Intra- and inter-examiner reliabilities were tested using
weighted kappa statistics with SAS software (SAS Institute Inc.,
2009, v9.2, Cary, USA) [19]. The pairwise kappa values were then
compared using the Chi square test. Inter-examiner group effects
were analysed using Fleiss generalized kappa statistics [20].

Level of significance was set at p < 0.05.

3. Results

Ninety-eight teeth were available after histological preparation.
The histologic caries scores were the following: D0: 13; D1: 25;

D2: 36; D3: 18; and D4: 6.
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The cross-tabulations show that the most frequently occurring
error was code 3 instead of code 2 or 1 (Table 1). These errors are
more pronounced with increasing magnification. Because ICDAS
code 3 typically requires some type of operative intervention
(sealing, minimally invasive treatment, micro-invasive treatment),
Table 2 summarizes the false-positive errors at the D3-threshold.
Fig. 1 illustrates the increase of dentine caries diagnosis with
increasing magnification.

Bayes' analysis shows that for all groups of examiners,
sensitivity increased with increasing magnification, while speci-
ficity decreased in a pronounced manner (Table 3). As a
consequence, the AUC values dropped with increasing magnifica-
tion, in case of the microscopy reaching statistical significance
(Table 4).

Intra-examiner reliabilities were fair to good [21] in all groups
and did not change with the level of magnification. By contrast,
inter-examiner reliabilities seemed to be sensitive against the level
of magnification. The range of weighted kappa values was as
follows: for inspection by eye—0.15–0.55; with a Galilei loupe—
0.17–-0.59; with a Keplerian loupe—0.06–0.49; and with a
microscope—0.03–0.42. The Fleiss generalized kappa showed that
inter-examiner agreement among dentists was significantly worse
with the surgical microscope than with any other visual detection
method (p < 0.05).

4. Discussion

We showed that for occlusal caries lesions with a relatively
small prevalence of dentine lesions the use of too powerful a
magnification for visual caries detection could be deleterious.
While the diagnostic outcome did not change for the better or
worse at lower magnifications (Galilean loupe, 2.5�), higher
magnifications resulted in more false-positive ratings on the D3-
level. As a clinical consequence, more unnecessary operative
interventions could derive from the use of too powerful a
magnification in visual caries diagnostics. Our null hypothesis
therefore clearly had to be rejected.

There is only one study that looked at the effect of magnification
on ICDAS in permanent teeth. Mitropoulos et al. [14] used a
Galilean loupe (2.8� magnification) and found no difference in the
diagnostic outcome. This is in line with our findings. There was no
difference in sensitivity, specificity or AUC, irrespective of the
clinical experience, when a Galilean loupe with 2.5� magnification
was used as a diagnostic aid. The declaration of the level of
magnification in Galilean loupes can be misleading, as the values
Table 1
Cross-tabulations of all examiners (1st round) and all methods. ICDAS codes 3&4 were

Eye ICDAS-II Codes G

Histology 0 1 2 3&4 5 Total H

0 61 33 45 43 0 182 0
1 117 78 83 72 0 350 1
2 100 98 131 175 0 504 2
3 9 46 69 128 0 252 3
4 2 8 24 50 0 84 4
Total 289 263 352 468 0 1372 T
Kepler 4.5� ICDAS-II Codes M

Kepler 4.5� ICDAS-II Codes M

Histology 0 1 2 3&4 5 Total H

0 59 32 32 59 0 182 0
1 55 59 54 182 0 350 1
2 65 55 73 311 0 504 2
3 3 6 26 216 1 252 3
4 1 5 17 61 0 84 4
Total 183 157 202 829 1 1372 T
often are only approximately correct [22]. In fact, the true
magnification level of the loupes in the latter study was 2.2�
instead of 2.8�, and the loupe used in our study was 2.0� instead of
2.5� [21].

Higher magnifications can be achieved with prism loupe
systems or with surgical microscopes. The effect of high
magnifications is a better resolution and thus a better capability
to discriminate small structures. While this effect is helpful in
endodontics [23] , the advantage of a higher magnification is less
clear with respect to caries detection. In an in vitro study,
14 examiners (students and university dentists) were asked to
assess approximal caries [24]. While the general capability to
detect caries on approximal surfaces was moderate, no differences
could be detected between students and teachers or between
aided and un-aided visual caries detection. In our study of occlusal
surfaces, however, higher magnification (with Keplerian loupe or
surgical microscope) led to a significant over-estimation of caries
lesions. In fact, only with the surgical microscope were ICDAS code
5 lesions detected, i.e., examiners were confident in seeing carious
dentine within a cavity.

As we did not include frank cavitated lesions (with dentine
visible to the naked eye), two things may follow from this
observation. First, ICDAS criteria are not designed for high
magnifications. The natural morphology of the teeth may show
deep fissures and grooves, which can be misinterpreted as caries
when assessed with enhanced vision. Second, a surgical micro-
scope should not be used as a second opinion device for visual
caries detection (and obviously not for screening purposes), as the
diagnoses made are misleading. This effect had been previously
anticipated [25]. Too large a magnification of an occlusal surface
leads to the sectioning of the view and perhaps disorienting
conclusions.

In the light of our findings, it is safe to conclude that a threshold
between a positive effect (e.g., to compensate for decreasing age-
related visual acuity due to presbyopia) [26] and a harmful effect of
magnification lies somewhere between >2.5� and 10�. Therefore,
general recommendations that visual inspection with magnifica-
tion is “the method of choice for detection of occlusal non-
cavitated caries” [27] definitely need refinement in the sense of
explicitly excluding higher magnifications >2.5�.

The levels of accuracy in our study were smaller than in
comparable studies using ICDAS criteria (0.66 at D1 and 0.70 at D3

for dentists). Reported AUCs at D1 and at D3 thresholds were: 0.67-
0.82 and 0.78-0.84 [28], 0.82 and 0.88 [29], 0.86 and 0.72 [30],
1 and 0.92 [31], 0.98 and 0.95 [32], and 0.96 and 0.92 [33],
 collapsed because they represent the same caries depth (3).

alilei 2.5� ICDAS-II Codes

istology 0 1 2 3&4 5 Total

 59 27 27 69 0 182
 77 67 75 131 0 350
 104 77 85 238 0 504
 8 19 39 186 0 252
 3 5 17 59 0 84
otal 251 195 243 683 0 1372
icroscope 10� ICDAS-II Codes

icroscope 10� ICDAS-II Codes

istology 0 1 2 3&4 5 Total

 27 26 21 105 3 182
 23 44 46 228 9 350
 28 45 61 350 20 504
 3 3 25 201 20 252
 2 12 59 11 84
otal 83 118 165 943 63 1372



Table 2
Means (95% CIs) of sensitivity and specificity (after parametric modelling) of different groups of examiners on D1 and D3 levels. Significant differences were marked in each
column with different superscript letters (z-test, p < 0.05).

Sensitivity D1 Group Specificity D1 Group

Diagnostic aid 3rd year students 4th year students dentists Diagnostic aid 3rd year students 4th year students dentists

Eye 0.85 (0.81–0.90)a 0.83 (0.78–0.88)a 0.74 (0.67–0.80)a Eye 0.10 (0.–0.21)a,b 0.26 (0.05–0.47)a 0.58 (0.29–0.87)a

Galilei loupe 2.5� 0.89 (0.85– 0.92)a 0.85 (0.80–0.89)a 0.78 (0.72 –0.84)a Galilei loupe 2.5� 0.17 (0.01–0.33)a,b 0.21 (0.02–0.39)a 0.47 (0.17–0.76)a

Kepler loupe 4.5� 0.93 (0.90–0.96)b 0.90 (0.87–0.94)b 0.85 (0.80–0.90)b Kepler loupe 4.5� 0.19 (0.01–0.36)a 0.17 (0.01–0.34)a 0.49 (0.20–0.79)a

Microscope 10� 0.96 (0.94–0.98)c 0.98 (0.97–0.99)c 0.94 (0.91–0.97)c Microscope 10X 0.08 (0.00–0.16 b 0.06 (0.00–0.13)b 0.13 (0.00–0.28)b

Sensitivity D3 Group Specificity D3 Group

Diagnostic aid 3rd year students 4th year students dentists Diagnostic aid 3rd year students 4th year students dentists

Eye 0.66 (0.53–0.80)a 0.60 (0.45–0.74)a 0.47 (0.30–0.63)a Eye 0.76 (0.65–0.87)a 0.78 (0.68–0.87)a 0.84 (0.76–0.92)a

Galilei loupe 2.5� 0.76 (0.65–0.87)a,b 0.81 (0.72–0.91)b 0.62 (0.47–0.78)b Galilei loupe 2.5� 0.63 (0.49–0.77)b 0.45 (0.31–0.58)b 0.77 (0.67–0.88)b

Kepler loupe 4.5� 0.83 (0.73–0.92)b 0.87 (0.79–0.95)b,c 0.81 (0.70–0.92)c Kepler loupe 4.5� 0.47 (0.33–0.62)c 0.36 (0.23–0.49)c 0.55 (0.40–0.69)c

Microscope 10� 0.81 (0.71–0.91)b 0.94 (0.90–0.99)c 0.91 (0.85–0.98)d Microscope 10� 0.45 (0.30–0.60)c 0.08 (0.04–0.13)d 0.24 (0.13–0.35)d

Fig. 1. *Codes of pooled examiners.

Table 3
AUC values under different diagnostic conditions. Significant differences were marked in each column with different superscript letters (z-test, p < 0.05).

Parametric groups

AUC

D1 Diagnostic aid 3rd year students 4th year students dentists
Eye 0.48 (0.42–0.54)a 0.55 (0.44–0.66)a 0.66 (0.51–0.80)a

Galilei loupe 2.5� 0.53 (0.45–0.61)a 0.53 (0.43–0.62)a 0.62 (0.47–0.77)a

Kepler loupe 4.5� 0.56 (0.47–0.64)a 0.54 (0.45–0.62)a 0.67 (0.52–0.82)a

Microscope 10� 0.52 (0.47–0.56)a 0.52 (0.48–0.55)a 0.54 (0.46–0.61)a

D3 Eye 0.71 (0.62–0.80)a 0.69 (0.60–0.77)a 0.66 (0.56–0.77)a,b

Galilei loupe 2.5� 0.69 (0.60–0.78)a 0.63 (0.55–0.71)a 0.70 (0.60–0.79) =a

Kepler loupe 4.5� 0.65 (0.56–0.74)a 0.62 (0.54–0.69)a 0.68 (0.59–0.77)a,b

Microscope 10� 0.63 (0.54–0.72)a 0.51 (0.48–0.55)b 0.58 (0.51–0.64)b

Table 4
Intra-examiner reliabilities (weighted kappa).

group

Diagnostic aid 3rd year students 4th year students Dentists

Eye 0.53 0.46 0.57
Galilei loupe 2.5� 0.58 0.52 0.65
Kepler loupe 4.5� 0.52 0.46 0.59
Microscope 10� 0.43 0.47 0.59
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respectively. An explanation could be found in the composition of
the study teeth. In our study, dentine lesions were present in less
than 25% of the teeth, while in comparable studies, the number of
these lesions was about double [28,30,31,33–36]. In studies with a
lower prevalence of dentine caries, lower levels of AUCs were
reported [37]: 0.4 at D1 level). This can be explained by the fact that
more false-positive errors occur when the disease prevalence is
small [38].

Because frankly cavitated lesions are not a diagnostic challenge,
we composed our study teeth to purposely to better mimic clinical
conditions. Furthermore, we abstained from calculating diagnostic
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‘accuracy’ because it was shown that overall accuracy depends on
the prevalence of the disease in question. A disease prevalence far
from 50% results in the systematic distortion of the overall
accuracy; hence, the comparison of accuracy values between
different studies is biased [39].

We found that students generally achieved higher levels of
sensitivity but lower levels of specificity. This is in line with the
findings of previous studies. An explanation is that dentists are
better aware of the clinical consequences of their findings and thus
typically have higher levels of specificity [40,41]. On the contrary,
other studies comparing students and their teachers could not
detect such differences in diagnostic outcomes [24,42,43]. Visual
caries detection seems to be more dependent on the clinical
experience than for instance caries diagnosis using bitewing
radiographs: When final year students' capability to diagnose
bitewing radiographs was compared to that of experienced
dentists, no differences regarding diagnostic capabilities and
reproducibilities could be detected [44]. Even additional teaching
units in caries diagnosis with bitewing radiographs did not have an
overall effect on the diagnostic outcome [45].

In our study, 14 examiners were included. Analysing and
reporting the outcomes of caries diagnostic studies become the
more demanding the more examiners were involved in the study.
We used a non-linear parametric model and logit modelling to
analyse the effect size of sensitivities and specificities. This
procedure allows for a detailed analysis in respect to single teeth
and single examiners, resulting in relatively large confidence
intervals; thus, the statistic comparisons are rather conservative.
On the contrary, the pooling of data is a simple standard
procedure, but the effects of single examiners are not taken into
account. A similar logit model was previously described in a
caries diagnostic experiment with multiple examiners [4], and it
was found to describe diagnostic effects in a more accurate way.
It follows that the significant differences found in our study quite
reliably describe a true effect (higher magnifications are
harmful).

We showed in our study that visual caries detection of early
occlusal lesions is demanding and error-prone, even when using
the ICDAS system. Large magnifications should not be used for
second opinion purposes because the images are misleading.
Treatment decisions based on high magnifications may lead to
unnecessary invasive interventions. The role of the lack of practice
in interpreting the magnified vision of dental structures could be
subject of further research.
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