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Abstract

Introduction: This study aims to evaluate the effectiveness of intraoral scanning systems in the detection and
classification of caries lesions using the International Caries Detection and Assessment System (ICDAS) and the
presence of fissure sealant on the tooth.

Methods: Six molar teeth in different classes according to ICDAS classification were randomly placed in the prepared
mandibular model. The model was scanned using three different intraoral scanners (3shape Trios 5, 3shape Trios 3, and
Eighteeth Helios 600). Fissure sealant was applied to the tooth, and the same scanning procedures were performed
again. Training on the ICDAS classification was given to five oral and maxillofacial radiology assistants. After training,
observers evaluated three different data sets, and the main model obtained from different scanners recorded their
scores on the training card.

Results: Model within-observer consistencies and within-observer model consistencies were excellent in reliability
with each other. When the success rates are compared according to the model and devices, it is determined after
clinical observation of the model that the highest success rate is achieved with the 3Shape Trios 3 scanner (66.7%).
In contrast, the lowest success rate is observed with the Eighteeth Helios 600 scanner (53.3%). When teeth were
examined individually, all observers made correct predictions for teeth 36 (ICDAS 6) and 48 (ICDAS 0) in the clinical
observation of the model and all devices. The fissure sealant was also detected by all observers.

Discussion and Conclusion: The study demonstrates that intraoral scanners can be used to diagnose dental cavities
with respect to ICDAS. Additionally, it seems to be useful for identifying the presence of fissure sealant.
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he use of 3D intraoral scanners in different areas, such  intraoral scanners, detecting and monitoring diseases in
as caries, periodontal disease, tooth abrasion, etc, is the oral region in the clinical environment or via remote
among the research topics of interest." The use of intraoral ~ access is supported.!'?
scanners for the detection and monitoring of oral diseases  Clinical radiography methods are insufficient for detecting
shows high success rates.? Owing to the developmentsin early occlusal enamel caries.”! Techniques that facilitate
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the identification of incipient enamel caries significantly
enhance clinical assessment. Establishing the diagnostic
precision of caries lesion identification with an intraoral
scanner for occlusal caries detection is a significant study
domain in this discipline.’? Nevertheless, the number of
studies assessing the precision of caries lesion detection
on 3D models derived from intraoral scanners is scarce,
necessitating further research.>?! |t states that today
intraoral scanners of different brands provide caries
diagnostic tools for the detection of occlusal and/or
proximal caries lesions integrated into their scanners.
1 However, there is not much data on these uses. Caries
diagnosis with intraoral scanners may not be possible
in restored teeth, as additional features such as light
transmission or fluorescence technology are required.”
Schlenz et al.® reported that intraoral scanners can help
clinical practice for caries diagnosis but are not suitable for
universal use. Improved caries detection and classification
of intraoral scanners may add further clinical value to
these devices. With these devices, dentists can make more
accurate clinical diagnoses.

The International Caries Detection and Assessment System
(ICDAS) criteria are mostly employed in studies evaluating
the detection accuracy of caries lesions on 3D models
obtained from intraoral scanners.>>? It is regarded as more
beneficial than other indices for classifying caries lesions,
as it supports epidemiological assessments, assesses lesion
progression, aids in planning preventive measures for
initial non-cavitated enamel caries lesions, and ensures
the standardization of clinical diagnoses by healthcare
professionals.!”

The definition of the diagnostic index is crucial for the
standardization of clinical diagnoses by professionals.”!
In this context, ICDAS demonstrates several advantages
over other indices, as it supports epidemiological analyses,
assesses lesion stages, and aids in planning preventive
strategies for initial non-cavitated enamel caries lesions,
particularly through the implementation of non-surgical
treatment approaches.

Although the potential benefits of intraoral scanners in
caries diagnosis have been mentioned, there is room
for improvement, as the number of studies in this area is
quite limited.® Consequently, this study aims to compare
the caries detection performance of three different
intraoral scanner systems with visual inspection using
ICDAS criteria. The depth and stage of lesions were also
compared by employing this criterion study. The aim was
also to evaluate the detectability of biomaterial use with an
intraoral scanner, such as a fissure sealant.

Table 1. Tooth number and caries

Tooth number ICDAS
38 2
37 5
36 6
48 0
47 3
46 4

ICDAS: International Caries Detection and Assessment System.

Materials and Methods

This study was conducted in vitro using intraoral scanners at
the Ankara University Faculty of Dentistry Integrated Clinic.

Ethical Statement

The study received approval from the ethics committee
of the Ankara University Faculty of Dentistry. (Approval
number 10/5, decision date 26.05.2025). Written informed
consents were obtained from the patients. The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

Preparation of the Model

Carious/non-carious mandibular left and right third molars,
second molars, first molars, canines, lateral teeth, central
teeth, and left first premolars that were extracted for various
reasons were collected, washed with water, disinfected
with 5% sodium hypochlorite, and stored in water until use.
Six molar teeth of different classes, which were confirmed
visually according to the ICDAS classification, were
randomly placed on the prepared mandibular edentulous
wax model. Table 1 presents the tooth number and ICDAS
scores for the caries. Inspired by previous studies using
models consisting of extracted teeth, the phantom model
was employed specifically for this study.®'!

Table 1 displays the teeth used to determine the intraoral
scanners' efficiencies. The remaining cavities of the
model were filled with extracted teeth, and an implant
scanning head (C-Tech Implant, Bologna, Italy) was placed
in the right mandibular premolar region. Fissure sealant
application with 3M Clinpro sealant (3M, Minnesota, USA)
was performed on tooth number 47.

Scanning of the Model with 3D Intraoral Scanners

Three intraoral scanners (3shape Trios 5 (Copenhagen,
Denmark), 3shape Trios 3 (Copenhagen, Denmark), and
Eighteeth Helios 600 (Changzhou City, Jiangsu Province,
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Figure 1. Images of intraoral scan data from PLY files. (a) Eighteeth Helios 600 scan model, (b) 3SHape Trios 3 scan model, (c) 3Shape Trios

5 scan model.

China)) were employed to obtain a digital scan of the main
model (Fig. 1). The scanning sequence was determined
according to the manufacturer's instructions for full
scanning and in accordance with published literature
on scanning strategies for optimal results.'? An oral and
maxillofacial radiologist with at least 3 years of experience
performed the scans after a learning phase with the
scanning devices over a period of 1 week. Each scan was
performed with standardized illumination of the treatment
unit (25,000 Ix) at an ambient temperature of 2312 °C. The
scan was initiated from the occlusal surface of the right third
molar, and the tip of the scanner moved from the vestibule
to the lingual and slowly forward in an arc motion. Thus,
all surfaces of the teeth, the scanning body, the gums,
and the wax layer and the wax layer were scanned instead
of the mucosa. The scan was completed on the distal
surface of the left third molar. The operator performed a
total of three scans with each intraoral scanner and saved
them as PLY files. With the use of the polygon file format
(PLY), the advantage of adding features such as color and
transparency, surface normal, and texture coordinates
of an object to the image is provided. Fissure sealant
application with 3M Clinpro sealant (3M, Minnesota, USA)
was performed on tooth number 47 with an ICDAS score of
3 (lack of substance in enamel, without affecting dentin).
Then, tooth number 47 was added to the model, and the
same scanning process was performed again.

Evaluation of the Performance

Education cards briefly pointing out the ICDAS classification
were provided to five oral and maxillofacial radiologists
with at least three years of experience. Classification was
explained accordingly. One hour after training, observers
evaluated three data sets obtained from different scanners
inrandom order.Which devices the observer was evaluating
was known only to the operator.

ICDAS Scores***(Directly from Tuculin et. al., 2025)

Code Description

0 healthy tooth

1 visible demineralization in enamel, only after prolonged drying
2 visible color changes in the enamel

3 lack of substance in enamel, without affecting dentin

4 pigmented dentin

5 visible cavity in the dentin

6 enlarged and visible cavity in the dentin

Model Evaluated Tooth

Image 36 37 38 46 47 48
1. Model

Image

2. Model

Image

3. Model

Image

Figure 2. Training card for observers about the ICDAS system.

Observers scored the occlusal surfaces in the area below
the training card to detect carious lesions on each molar
(Fig. 2). Then, observers scored the teeth according to the
ICDAS classification on the model without scan data. The
observers employed a 22" NEC MD213MG LCD monitor
(NEC, Tokyo, Japan) set to a screen resolution of 2048 x
1536 pixels and 32-bit color depth to examine and evaluate
the images in a dimly lit room.

Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics version 22.0 (IBM Corp., Armonk, NY, USA).
Inter-rater reliability for quantitative (ICDAS) scores was
assessed using the intraclass correlation coefficient
(ICC) based on a two-way mixed-effects model with
absolute-agreement definition, appropriate for fixed
raters evaluating the same cases. Associations between
categorical variables were examined using the chi-square
(%) test, and Monte Carlo simulation (10.000 samples) was
applied to ensure accurate significance estimation when
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Table 2. Table of observer consistency statistics within the model (ICC correlation)

Model ICC 95% Confidence interval Inter-item correlations p
Lower bound Upper bound
EIGHTEETH HELIOS 600 0.991 0.970 0.999 0.956 0.0001
3SHAPETRIOS 3 0.989 0.964 0.998 0.949 0.0001
3SHAPETRIOS 5 0.980 0.934 0.997 0.909 0.0001
ICC: intraclass correlation coefficient.
Table 3. Table of model consistency statistics within observers (ICC correlation)
Observer ICC 95% Confidence interval Inter-item correlations p
Lower bound Upper bound

Observer 1 0.958 0.849 0.993 0.854 0.0001
Observer 2 0.99 0.965 0.998 0.963 0.0001
Observer 3 0.997 0.990 1.000 0.99 0.0001
Observer 4 0.994 0.979 0.999 0.997 0.0001
Observer 5 0.986 0.948 0.998 0.948 0.0001
ICC: intraclass correlation coefficient.
Table 4. Success rates by scanning model and devices
Success Model Eighteeth Helios 600 3Shape Trios 3 3Shape Trios 5

n % n % n % n %
Successful 28 933 16 533 20 66.7 18 60.0
Unsuccessful 2 6.7 14 46.7 10 333 12 40.0
Total 30 100.0 30 100.0 30 100.0 30 100.0

expected cell frequencies were low. The effect size for
chi-square analyses was reported using Cramer's V. A p <
0.05 threshold was considered statistically significant for all
analyses.

Results

ICC values were interpreted according to determined
threshold values (<0.5 poor, 0.5-0.75 moderate, 0.75-0.9
good, =0.9 excellent). Interpretations were made according
to determined thresholds for Cohen'’s kappa values (<0.00
poor, 0.00-0.20 Slight, 0.21-0.40 Fair, 0.41-0.60 Moderate,
0.61-0.80 Substantial, 0.81-1.00 Almost perfect).

Significant differences in success rates were found among
intraoral scanners. The HELIOS model exhibited a lower
success rate compared to the other models. The TRIOS
3Shape 3 model stands out with its clinically preferable
higher success rate.

The agreement between the scores obtained using the
HELIOS model and the gold standard scores was found to
be moderate and significant (Kappa=0.601; p=0.0001). The

agreement between the scores obtained using the TRIOS
3Shape 3 model and the gold standard scores was found
to be high and significant (Kappa=0.801; p=0.0001). The
agreement between the scores obtained using the TRIOS
3Shape 5 model and the gold standard scores was found
to be moderate and significant (Kappa=0.601; p=0.0001).

Caries Detection Level

The model prepared was scanned with different intraoral
scanners. Table 2 presents the consistency of the observers
within the model when the scanning data obtained from
the main model, and three different devices are evaluated
(ICC correlation). As a result of these data, it is observed
that the scores obtained by the five observers are highly
consistent with each other.

Table 3 presents the model consistency statistics for each
observer (ICC correlation). It is observed that the scores
obtained by evaluating the main model and the scanning
data obtained from three different devices by five observers
are highly consistent with each other.
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Success Rates by Scanning Device
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Figure 3. Success rates by scanning devices.

ICDAS Detection Level

Table 4 presents the comparison of the ICDAS scores
obtained from the scan data of the main model and three
devices from each observer with the actual ICDAS scores of
the teeth. After the clinical observation of the main model,
it was determined that the highest success rate is in the
3Shape Trios 3 device (66.7%). The Eighteeth Helios 600
device displays the lowest success rate (53.3%) (Fig. 3).

Table 5 presents the accuracy rates for correctly
determining ICDAS scores based on individual tooth
evaluations, as derived from both the primary model and
the scanning data obtained from the devices. A statistically
significant difference was found between the success
rates of correctly identifying ICDAS scores across the
evaluated teeth (x* = 34.5, df = 5, p < 0.05). All observers
made correct classifications for tooth 36 (ICDAS 6 = large
and distinct cavity with visible dentin) and tooth 48 (ICDAS
0 = no visual change in enamel when air dried) across all
scanning devices. The lowest success rate was observed for
tooth 38 (ICDAS 2 = distinct visual change in enamel), with
only 35% of correct determinations. The fissure sealant
restoration applied to tooth 47 (ICDAS 3 = localized enamel

Table 5. The rates of correct determination of ICDAS scores

breakdown without dentin involvement) was also correctly
identified by all observers. These findings suggest that
intraoral scanners can effectively detect dentin tissue, as
observers were able to differentiate the fissure sealant from
the dentin area with high precision. The strength of the
association between the evaluated tooth and the accuracy
of ICDAS score determination was large (Cramer’s V = 0.54),
indicating a strong effect size.

Discussion

Various methods that do not use ionizing radiation in
the detection and evaluation of the presence of caries in
teeth continue to be investigated.'! The most important
of these is the detection of caries with three-dimensional
(3D) intraoral scanners (I0S). Promising results have been
obtained in in vivo and in vitro studies using 3D intraoral
scanners for caries detection.®' In this study, the use of
3D intraoral scanners in caries detection was investigated
with a similar approach. The results indicate that intraoral
scanners provide successful results in detecting dental
caries (ICC: 0.991- (20.9 excellent)). This ICC value means
excellent reliability.

In a study, the effectiveness of three different intraoral
scanners in caries detection was compared.® In this study,
using three different intraoral scanners, intra-observer and
inter-observer agreement were found to be similarly high
(ICC: 0.991- (=0.9 excellent)). In addition, in this study, the
detectability of restored teeth with an intraoral scanner
was examined. In this way, it has been determined that it
can be detected in restored teeth.

In a study using an oral camera, the use of intraoral images
as part of remote patient screening methods was used for
patient populations that do not have access to a dentist
improved oral health care." The findings of this current
study indicate that the use of intraoral scanners in the
detection of both dental caries and restored teeth with
remote access displays successful results.

Succes Evaluated tooth Chi-square analysis
36 37 38 46 47 48 Total
n % n % n % n % n % n % n % Chi-square p
Successful 20 1000 9 450 7 350 12 600 14 700 20 1000 82 683 345 0.0001*
Unsuccessful 0 0.0 11 550 13 650 8 40.0 6 30.0 0 0.0 38 31.7
Total 20 1000 20 1000 20 1000 20 1000 20 100.0 20 100.0 120 100.0

*There is a significant difference (P=0.0001<0.05; Cramer’s V = 0.54). **df=5 ***Montecarlo simulation technique was applied. ICDAS: International Caries

Detection and Assessment System.
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In a study, intraoral scanners were employed for the
structural problems in the oral cavity for orthodontic
diagnostics, such as the width of the dental arches."® The
measurements were carried out with the model files for 10
months before and after treatment.

Two studies employed intraoral scanners for the detection
of plaque. The first one used planimetric measurements
with a special program.'! The other study employed
3D models for plaque measurements.'® Both studies
indicated that intraoral scanners can be employed for
plaque measurements. These two studies also found the
use of the intraoral scanner useful.

All observers accurately identified teeth with large,
distinct cavities exposing visible dentin, corresponding
to an ICDAS score of 6, across all devices. Similarly, they
correctly identified teeth with no visible enamel changes
when air-dried, corresponding to an ICDAS score of 0. This
study demonstrates that intraoral scanners can detect
both decay-free teeth and those with the most severe
decay (highest scores) with high accuracy. It is observed
that there are significant differences between the scanners
in the scores between ICDAS 0 and ICDAS 6. All intraoral
scanners displayed very high and successful results in teeth
with the highest and lowest scores, in accordance with
the ICDAS classification. On the other hand, in caries with
intermediate scores, the detectability is greatly reduced,
regardless of the depth of the caries.

This indicates that intraoral scanners detect the presence
or absence of dental caries with high accuracy but are
less successful in classifying caries depth. Both the fissure
sealant and the implant (scanning head) are biomaterials.
The scanners are generally used to scan the scanning head
of the implant, but both biomaterials were employed in
this study to determine the effectiveness.

When the results of this current study were compared,
the most successful device in detecting caries was the
3Shape Trios 3 device. There were also differences in device
success. Since intraoral scanners are computer-aided
systems, it should be kept in mind that all situations that
may affect the computer system (system being up-to-date,
background work intensity, etc.) may also affect scanning
accuracy. The devices used in this study were each used in
clinics with different usage intensities. Since the 3Shape
Trios 3 device was used in the clinic with the least usage
intensity, this can be considered one of the important
reasons for the improvement in its performance.

All observers made correct predictions for the tooth with
the highest ICDAS score and the tooth with the lowest

ICDAS score across all instruments. The lowest success rate
was detected in the tooth with an ICDAS score of 2. It has
been observed that success rates do not increase in direct
proportion to the ICDAS score. As a result, it is observed
that the highest and lowest ICDAS scores have the highest
success rate, and there is no proportion between the
remaining intermediate scores. This situation may have
occurred because the ICDAS classification is based on caries
depth. This may be an indication that intraoral scanners are
less successful in determining caries depth.

This study contributes to the in vitro performance of
intraoral scanning devices for caries detection. In clinical
use, visualization of caries, in addition to examination, can
contribute to improving patient communication. The ability
to visualize caries lesions and incompatible restorations
via a screen may increase patients' acceptance of invasive
interventions. With recent advances in technology for the
analysis of dental images, it is hypothesized that artificial
intelligence can be employed to detect and classify dental
caries using intraoral scan data.l' Therefore, the existence
of studies examining the accuracy of intraoral scanning
data is important for future studies.

Limitations

Since the working principle of intraoral scanners is based
on an optical system, many external factors affect their
accuracy. Since the in vitro study design used in this
study cannot fully reflect real clinical conditions (saliva,
movement, patient-specific factors, etc.), further clinical
research is needed.

Conclusion

The study demonstrates the potential use of intraoral
scanners in caries diagnosis. It also appears that it can
be employed to detect the presence of fissure sealant.
All intraoral scanners displayed high success rates in
teeth with the highest and lowest scores according to
the ICDAS classification, making them suitable for clinical
use. However, in caries with intermediate scores, the
detectability decreases regardless of the depth of the
caries. Therefore, the detection of caries with moderate
scores with intraoral scanners should be supported by
clinical and radiographic examination.
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