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Abstract

Background: Accurate early caries detection remains a major challenge in minimally invasive dentistry. While
visual inspection remains the clinical gold standard, magnification loupes are increasingly used in dental practice.
However, their diagnostic reliability under real clinical conditions remains unclear.

Objective: To evaluate intra-examiner agreement in the diagnosis of occlusal carious lesions using the ICDAS 11
system with and without 3.5x magnification loupes.

Material and Methods: A cross-sectional in vivo study was conducted on 143 teeth (572 measurements) from 15
patients. Each occlusal surface was examined twice with and twice without loupes, randomized by sequence and
separated by at least seven days. The examiner was calibrated and blinded to prior results. Weighted Cohen’s Kappa
coefficients, sensitivity, and specificity were calculated for each lesion type.

Results: Concordance between methods was moderate (weighted Kappa = 0.56; 95% CI: 0.43-0.69). Intra-exa-
miner reproducibility was high for both loupes (Kappa = 0.88) and unaided inspection (Kappa = 0.81). Sensitivity
and specificity were highest for incipient and severe lesions, while low prevalence limited estimates for moderate
lesions. Overall diagnostic accuracy for the magnified method was 0.85 (95% CI: 0.80-0.89).

Conclusions: Magnification loupes provide comparable diagnostic accuracy to unaided visual inspection, with im-
proved sensitivity for early lesions. Their systematic use may enhance diagnostic consistency and clinical training
in preventive and minimally invasive dentistry.
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Introduction

The current management of caries considers new thera-
peutic strategies that require proper diagnosis [1]. The
clinical decision on how to approach each carious lesion
will depend on the patient’s risk level, the stage of the
lesion, its activity, cavitation or not, and accessibility for
cleaning [2].

Therefore, diagnosis becomes highly important. Various
methods and devices are available that not only assist in
detecting lesions but also in their subsequent monitoring
[3, 4]. On occlusal surfaces, visual examination remains
the gold standard; however, the human eye lacks the acui-
ty to see most pits and fissures [5]. Among the comple-
mentary diagnostic systems, we find photon-based detec-
tion technologies: transillumination (FOTI and DIFOTI),
fluorescence-based detection (DIAGNOdent Pen®), and
the combination of fluorescence and images captured
with a camera (Soprolife® and Soprocare®) [6].
Contradictory results are still found in the literature re-
garding the effectiveness of dental loupes, and less than
3% of general dentists combine visual inspection, radio-
graphy, and one of the complementary systems mentio-
ned above [7].

The use of magnification in various fields of dentistry
has many benefits [8-12]; however, there is no conclu-
sive literature on whether it is really effective for diag-
nosing carious lesions [10-13] or if it might even lead to
overtreatment [10].

Our main objective is to compare the intra-examiner
concordance in caries diagnosis using ICDAS II with
3.5x magnifying loupes and without them on occlusal
surfaces. We will compare the diagnostic concordance
with loupes against the gold standard: caries diagnosis
without loupes, by visual inspection.

As a secondary objective, specificity and sensitivity in-
dices will be obtained and analyzed according to lesion
type: surfaces without lesions, initial, moderate, and se-
vere stages.

Material and Methods

1. Study Design

This is a descriptive cross-sectional study conducted in a
private dental clinic in Las Rozas, Madrid, with the stan-
dardized center code REGCESS (CCN) 1328027260.

2. Sample Size

The G-Power software was used to calculate the sam-
ple size. The assumptions for the calculation were a type
1-a error of 0.05 and a power of 80%. Another assump-
tion was that the expected effect size in the difference
in caries diagnosis with and without loupes is at least
0.2 [14]. Based on this calculation, the minimum sample
size was 138 occlusal surfaces.

3. Sample

Inclusion criteria: occlusal surfaces of permanent teeth,
occlusal surfaces without restorations, occlusal surfaces
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without sealants, and surfaces of fully erupted teeth.
Exclusion criteria: surfaces with enamel development
defects, surfaces of teeth from patients who do not sign
the informed consent, and surfaces of teeth from patients
who attend less than four visits.

The sampling is non-probabilistic, of consecutive cases
as patients come to the dental clinic for a dental check-
up. If a patient needed treatments that required a mi-
nimum of four visits, they were included in the study.
Measurements were taken at the beginning of each
appointment.

4. Researchers

The researchers in this study are part of the teaching
team of the Preventive and Community Dentistry course
at Complutense University of Madrid UCM, with exten-
sive experience in using ICDAS II, and some are accre-
dited as trainers in the ICDAS II system by instructors
from the University of Leeds. The examiner has been
using 3.5x loupes in routine practice for seven years and
has eight years of clinical experience with ICDAS II,
attending multiple calibration courses since 2017 led by
official calibrators. Additionally, the examiner will un-
dergo a new intra-examiner calibration update prior to
the study measurements.

Using the ICDAS II method (shown in Fig. 1), dental
surfaces are diagnosed after prior prophylaxis (BEST-
DENT® prophylaxis paste and a rotary prophylaxis
brush for contra-angle), before and after drying, me-
aning that the surfaces are inspected wet and dry. Ins-
pection is visual and tactile, using a rounded-tip WHO
probe (CP 11.5B SILVER HU FREDY®). If multiple
carious lesions are present on the same surface, the one
with the highest value is scored.

5. Interventions

An intraoral visual diagnosis will be performed on all
occlusal surfaces of each patient. Each surface will be
measured twice with and twice without loupes, with a mi-
nimum interval of seven days and a maximum of thirty.
Diagnosis will be performed with standard dental chair
lighting (Kavo®, Estetica E3, Germany), rhodium mi-
rrors, and 3.5x fixed prismatic magnification loupes
(Orascoptic®, Middleton, USA) custom-fitted for the
examiner. Measurements will be made at a working dis-
tance of 350mm.

Measurements will be recorded by the assistant facing
away from the dentist on the printed data sheet (Appen-
dix 1), noting the date of measurement. Thus, the assis-
tant will be blinded as to whether the measurement was
taken with or without loupes. At the end of the measu-
rement, the dentist notes the date and whether the mea-
surement was taken with or without loupes on the back
of the sheet.

A coin will be tossed before the first measurement to
randomize the starting method. If heads, the examina-
tion will begin with the two measurements using lou-
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ICDAS Il Visual Codes

Code 0: Sound after air drying for 5 seconds

Code 1: White or brown spot on dry enamel, not
visible when wet or visible when wet but confined
to the pit or fissure.

Code 2: White or brown spot on enamel, visible when
wet or dry, extending beyond the pit or fissure

Code 3: Surface loss of enamel (<0.5mm) when dry,
with no visible dentin

Code 4: Dark shadow of dentin seen through enamel

Code 5: Visible cavity in dentin, >0.5mm, up to 50%
of the surface

Code 6: Extensive cavities covering more than 50%
of the tooth surface
Fig. 1:

pes; if tails, the measurements without loupes will be
conducted first. During the second, third, and fourth
examination of the dental surfaces, the examiner will be
blinded to the results obtained on the first day, with the
dental assistant retrieving the patient’s sheet to record
the results.

2.6 Variables

Since both variables are qualitative in a frequency study,
the tooth surface is considered the fixed variable, and the
ICDAS code is the random variable, which is a type of
ordinal qualitative variable.

7. Ethics, Records, and Consent

This study protocol was reviewed and approved by
Ethics Committee of the San Carlos Clinical Hospital,
Community of Madrid, approval number: 24/399-E
(Appendix 4) (Supplement 1) http://www.medicinaoral.
com/medoralfree01/aop/jced 63550 sO1.  Information
sheet and written informed consent was provided to all
patients (Appendix 2) (Supplement 1) http://www.medi-
cinaoral.com/medoralfree01/aop/jced 63550 sO1.

8. Statistical Analysis

A statistical significance level of p <0.05 and a power
of 80% will be accepted. A two-tailed test will be per-
formed.

The intra-examiner Cohen’s Kappa index was measured
with a chi-square table for the total surfaces, comparing
the total ICDAS codes between measurements with and
without loupes to obtain the result related to the main
objective. Cohen’s Kappa index was also measured be-
tween measurements taken on different days with only
loupes and only without loupes, to compare the preci-
sion of both methods. Similarly, concordance will be
compared among incipient (ICDAS 1 and 2), moderate
(ICDAS 3 and 4), and advanced lesions (ICDAS 5 and
6).

Sensitivity and specificity of the diagnosis with loupes
were measured, taking visual inspection without magni-
fication as the gold standard.

e219

Caries Lessions Diagnosis with Dental Loupes

9. Study Difficulties and Limitations

The objective of this study is to measure the accuracy
of diagnosis with dental loupes; it is not possible to de-
termine the exact accuracy of carious lesion measure-
ments with loupes. This is because the gold standard in
our study is the visual inspection of the tooth surface,
without histological or radiological information. For the
same reason, we do not consider results from different
examiners to be a priority, although it would be recom-
mended.

10. Applicability and Practical Utility of Results
Knowing the diagnostic accuracy with loupes will help
confirm whether magnification is justified in clinical
practice and research, where calibration and precision
are key for data recording.

Results

A sample of 143 teeth from 15 patients was analyzed
(572 measurements in total). The table below shows the
descriptive analysis of the variables considered in the
study (shown in Fig. 2).

Sex 106 (37.19 %)

Female 179 (62.81 %)

Age 4212 £12.78

ID tooth 41 (32-47)

14 26 (9.12 %)

15 22 (7.72 %)

16 16 (5.61%)

17 16 (5.61%)

18 10 (3.51%)

24 4 (1.40%)

25 24 (8.42 %)

26 20 (7.02%)

37 9 (3.16 %)

34 10 (3.51%)

35 16 (5.61%)

36 28 (9.82%)

37 30 (10.51%)

44 14 (4.91%)

45 8 (2.81%)

45 29 (10.14%)

46 24 (8.42%)

47 10 (3.51%)

48 2 (0.70%)

No Magnifying Measurement 55 (19.3%)

No lesion 55 (19.3 % *%)
Fig. 2:
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The concordance analysis aimed to determine the ade-
quacy of the diagnosis made with loupes, using the diag-
nosis made without loupes as a reference. For each of
the methods, the agreement across different days, accor-
ding to the weighted Kappa coefficient, was high: with
loupes: 0.88 [95% CI: 0.88 - 0.88]; without loupes: 0.81
[95% CI: 0.81 - 0.81].

The overall weighted Kappa coefficient was 0.56 (95%
CI: 0.43 - 0.69). Additionally, measurements with lou-
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pes showed an overall accuracy with respect to measure-
ments without loupes of 0.85 (95% CI: 0.8 - 0.89; shown
in Fig. 3).

The performance metrics for measurements with loupes
generally show good sensitivity and specificity values, with
balanced accuracy close to 0.75 across all classes (shown in
Fig. 4). It should be noted that the “Moderate Lesion” and
“Severe Lesion” classes have very low prevalence, which
may bias the results for these two categories.

Severe | 0 0 0
Freq
1.00
Moderate | 0 0.5 0.5 0
0.75
< & privk 0.50
=9
£ 0.1 0 0 0.25
2
0.00
No lesion 0.6 0.4 0 0
8 |5 . g 5
E A Without Z 2
2 'g Loupes EO 2
Fig. 3:
No lesion  Incipient = Moderate Severe
Sensitivity 0.6 0.92 0.5 1
Specificity 0.94 0.6 0.99 1
Pos Pred Value 0.7 0.89 0.43 1
Neg Pred Value 0.91 0.68 0.99 1
Precision 0.7 0.89 0.43 1
Recall 0.6 0.92 0.5 1
F1 0.65 0.9 0.46 0.01
Prevalence 0.19 0.78 0.02 0.01
Detection Rate 0.12 0.72 0.01 0.01
Detection Prevalence 0.16 0.8 0.02 0.01
Balanced Accuracy 0.77 0.76 0.74 1

Fig. 4
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Discussion

These results indicate that the diagnostic method with
loupes has moderate agreement with the reference me-
thod, suggesting that it may be a useful tool for diag-
nosing caries in a clinical setting. Moreover, the high
Kappa coefficient between measurements taken on di-
fferent days shows that both methods are reproducible.
Thus, according to this, the diagnostic method for caries
lesions with loupes is particularly reliable for detecting
incipient lesions, which make up the majority of cases in
the sample, with very high sensitivity and specificity for
the “Severe Lesion” class, although the low prevalence
of this class limits the interpretation of these results.
For the “No Lesion” class, sensitivity is 0.60 and speci-
ficity is 0.94, indicating that the method with loupes is
moderately good for detecting caries-free teeth, though
there is still room for improvement in sensitivity. The
balanced accuracy is 0.77, suggesting a reasonable per-
formance in correctly identifying healthy teeth. In the
case of the “Incipient Lesion” class, high sensitivity of
0.92 and specificity of 0.60 are observed. This means
that the method with loupes is very effective at correctly
detecting incipient lesions, although the ability to rule
out other types of lesions is more limited. The balanced
accuracy for this class is 0.76. For the “Moderate Le-
sion” and “Severe Lesion” classes, although sensitivity
and specificity values are high, the low prevalence in
the sample may influence the stability of these estima-
tes. Specifically, the perfect specificity and sensitivity
for “Severe Lesion” reflect the absence of false positi-
ves and false negatives in the current sample, but more
research with larger samples and higher prevalence of
these classes is needed to confirm these findings.

In conclusion, the method with loupes shows good
overall agreement with the reference method and high
accuracy, especially for incipient and severe lesions.
However, it is important to consider the low prevalence
of moderate and severe lesions when interpreting the re-
sults. This analysis suggests that the use of loupes could
be a valuable tool in caries detection, though additio-
nal studies are recommended to validate these results in
larger and more diverse populations, ideally performing
accuracy studies of this method in vivo.

The early detection of incipient carious lesions is crucial
in the prevention and management of dental caries. Iden-
tifying these lesions at an early stage allows for the im-
plementation of non-invasive strategies aimed at arresting
their progression and even promoting remineralization.
Moreover, it provides an opportunity to better control
the etiological factors contributing to the development
of caries, such as poor oral hygiene, dietary habits, and
the presence of cariogenic bacteria. By addressing these
underlying causes, it becomes possible to not only treat
the current lesions but also reduce the risk of future caries
development, improving long-term oral health outcomes.
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A minimum interval of seven days was decided between
all measurements to increase internal validity, as perfor-
ming measurements with and without loupes at the same
time risks biasing the results. Only one [10] of the five
studies [10-14] with statistically significant positive re-
sults on the use of loupes conducted the measurements
on different days. No in vivo study with measurements
taken on different days was found to show favorable re-
sults for the use of loupes [15-17].

Therefore, a possible line of research is suggested whe-
re in vivo diagnosis with and without loupes, as well as
radiographic diagnosis, is performed on teeth requiring
extraction, followed by histopathological analysis of
these extracted teeth to determine the diagnostic accura-
cy of caries lesions using dental loupes.

Conclusions

Magnification loupes offer diagnostic accuracy compa-
rable to traditional visual inspection, with greater sensi-
tivity for detecting early carious lesions. Their use may
enhance diagnostic reliability and should be considered
a valuable adjunct in preventive and minimally invasive
dentistry.
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