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Abstract

Dental caries is a significant public health issue, especially in children, with high prevalence
rates that highlight the necessity for effective detection and management strategies. Current
diagnostic methods vary in consistency, prompting the integration of Artificial Intelligence (Al) to
enhance reliability and standardization.

This study aims to assess the inter-rater reliability (IRR) in dental caries detection among dental
students using traditional and Al-enhanced calibration methods, preparing them for accurate
assessments in clinical and educational settings. Eight fifth-year dental students participated in a
structured calibration program. Calibration effectiveness was measured using Cohen’s Kappa for
IRR, and assessments were conducted across two sessions to evaluate the consistency and
reliability of the examiners. The calibration showed an average agreement level of 69.87% for slide-
based methods and 74% for dental phantoms. Kappa values ranged from 0.61 to 0.90, suggesting
substantial to almost perfect agreement. Al applications demonstrated the potential to streamline
and enhance the diagnostic process.

The study successfully bridged theoretical knowledge and practical skills, showing that dental
phantoms combined with Al applications can significantly improve the accuracy and consistency of
dental caries assessments. This calibration approach enhances diagnostic skills and facilitates the

integration of advanced technologies in dental education and practice.
Experimental article (J Int Dent Med Res 2024; 17(3): 1100-1105)
Keywords: agreement; dental caries, kappa score, digital dentistry, artificial intelligence.

Received date: 14 July 2024

Introduction

Dental caries represent a significant public
health concern across various age groups,
particularly alarming in children, with prevalences
reaching 92.5% in ages 5-9 and 73.4% in ages
10-14 in Indonesia."? Despite various efforts to
combat this issue, the effectiveness of prevention
strategies remains a challenge®, emphasizing the
need for early detection and standardized
methods for dental caries examination, such as
the World Health Organization's Oral Health
Survey Basic Method and the International Caries
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Detection and Assessment System (ICDAS)."**

Current methods predominantly involve manual
examination by dentists, which, while generally
reliable, may face challenges in consistency and
accuracy over time, suggesting the potential for
Artificial Intelligence (Al) to mitigate these issues
by standardizing and enhancing the diagnostic
process.” 0

In 2021, we launched the digital application
Halo Indonesia Bersama Dentist (HI BOGI),
primarily aimed at dental health education for
school children. Since its introduction, HI BOGI
has been actively used by the public "'. The
digitalization of dentistry, mainly through
applications like HI BOGI, highlights the growing
role of Artificial Intelligence (Al) in enhancing
dental services. One significant area of focus has
been the early detection of dental caries—a
process that typically demands considerable time
from dentists. Our development team has been
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BOGI
capabilities to address this. These improvements
simplify and accelerate the caries detection

enhancing the HI application with Al

process, more user-friendly and
efficient.

Additionally, in relevance to improving HI
BOGI, our study emphasizes the importance of
calibration and training among dental examiners

to ensure the quality and consistency of dental

making it

caries assessments. We underline using
statistical tools such as Cohen's Kappa to
evaluate reproducibility and inter-examiner
reliability."?"”

The overarching goal of this calibration was
to prepare examiners for subsequent tasks in an
Artificial Intelligence (Al) system training series,
explicitly labelling photo data based on ICDAS
criteria. This step is crucial for enhancing the
accuracy and reliability of Al-assisted dental
caries detection, representing a significant
advancement in integrating Al technologies
within dental diagnostics. The study aims to
enhance the calibration process among dentists
assessing dental caries based on the ICDAS
classification through Al-based application
training sessions. This involves theoretical
training on dental caries and practical calibration
exercises, including patient simulations and
analysis of intra-oral photographs with Al-based
application, aiming to improve the inter-rater
reliability (IRR) in dental caries assessment.

Materials and methods

Study Design

This study involved eight fifth-year dental
students from the Faculty of Dentistry at
Universitas Jenderal Achmad Yani (UNJANI) as
participants who had previous experience in
dental examination. Conducted in September
2023 at UNJANI's community laboratory, the
training program aimed to align the examiners'
skills with the International Caries Detection and
Assessment System (ICDAS) standards through
several structured phases:

Theoretical and Practical Training:
Conducted by the leading investigator (RPNF) as
gold-standard examiners, this phase focused on
the fundamentals of dental caries, the ICDAS
classification for assessment, and hands-on
clinical demonstrations.

Knowledge Assessment: Participants were
evaluated on their understanding of the ICDAS

criteria, requiring a minimum inter-rater reliability
(IRR) kappa score of 0.8 to pass.

Clinical Practice: Trainees performed
supervised examinations to ensure practical
application skills and consistency in diagnosing.

Al-based Application Training: Participants
were introduced to an Al-based application to
assist in dental caries detection, including how to
interpret Al-generated assessments.

Examiner Calibration: This critical phase
ensured uniformity and reliability in examination
techniques across all participants. During this
phase, examiners used an Al-based application
to assess dental caries from slide-based images
and dental phantoms. This integration of Al
technology facilitated a standardised approach to
detecting and evaluating caries, enhancing the
consistency and accuracy of the assessments.

Examiner Callibration Procedure

The calibration aimed at achieving a high
standard of consistency and reliability in dental
caries assessments, guided by the leading
investigator (RPNF) recognised for their expertise
and standardised training as the lead trainer in
Basic Health Research 2018. This procedure
included:

Assessment Comparison: Evaluations were
systematically compared against those
conducted by the leading investigator to measure
consistency and accuracy.

Kappa Statistics: Used as the primary
measure of agreement, with scores categorised
from poor (<0.20) to almost perfect (0.81-1.00),
targeting a minimum kappa score of 0.8.

Statistical Analysis

Univariate and bivariate analyses were
employed to evaluate examiner agreement and
reliability in dental caries assessments using the
ICDAS classification. Techniques included
calculating percentage agreement and kappa
statistics for inter-examiner agreement,
supplemented by paired t-tests to compare mean
kappa values across different time points. Data
analysis was performed using SPSS Version 25.

Results

The calibration process engaged eight dental
students from the Faculty of Dentistry at
Universitas Jenderal Achmad Yani, consisting of
two males and six females. The exercise was
conducted over two sessions, each designed to
enhance the student's diagnostic skills through

Volume - 17 - Number - 3 - 2024 Page 1101



http://www.ektodermaldisplazi.com/dergi.htm
http://www.jidmr.com/

different modalities.
The calibration
presentation of sixty cases in the initial session.

involved a slide-based

This session provided a baseline for the
participant's ability to identify healthy teeth and
various stages of dental caries using a visual
medium. The results from this session showed an
average calibration value of 69.87%.

The subsequent session incorporated 30
dental phantoms embedded with natural teeth,
adhering to the International Caries Detection
and Assessment System (ICDAS) criteria. The
outcomes from this session demonstrated a
higher percentage agreement of 74%, indicating
a more effective training tool than slide-based
images (Table 1).

The comparative analysis between the two
methods suggests that dental phantoms offer a
more tactile and visually accurate training
experience, which is crucial in helping students
understand the ICDAS criteria deeply. This
approach improves the participants’ diagnostic
accuracy and provides a standardized and
reproducible training environment. Additionally, it
circumvents the ethical and logistical issues of
using actual patients.

Overall, the study successfully bridged the
theoretical knowledge with practical application,
enhancing the examiners' diagnostic capabilities
in a controlled setting. This is particularly
advantageous in preparing them for future roles
involving dental health evaluations and
integrating Al technology in dental diagnostics.

Calibration Mean Minimum Maximum

method N %) SD (%) (%)
Slide 8 6987 57248250 45 89
Dental Phantom 8 74  6508-82.91 60 90

Table 1. The Percentage agreement between
raters.

Variable  Mean (%) SD Y4 P
Slide 69,87 15,10
Dental -0,631 0,538
Phantom 74,00 10,66

Table 2. Differences in per cent agreement
between photographic slide and phantom.

Degree of Confidence Analysis

Table 2 illustrates the comparative analysis
of confidence levels between the slide-based and
dental phantom methods. The analysis aimed to
determine if the two calibration techniques
significantly differed in examiner confidence. The

results indicate no statistically significant
difference in the confidence levels, with a p-value
greater than 0.05. This suggests that both
methods provided similar confidence levels in
assessing dental caries despite their different
modalities.

Inter-examiner Agreement

Table 3 details the Kappa values and the
percentage agreement among examiners. The
results demonstrate that all but one examiner
achieved a Kappa value within the range
indicating substantial agreement (0.61-0.80),
highlighting effective calibration across most
participants. However, Examiner 3 showed a
lower percentage agreement of 68.3%, with a
Kappa value below 0.61, suggesting that further
training or calibration might be required for this
individual to reach the consistency level of their
peers.

These findings help underline the importance
of using both visual and tactile modalities in
training and highlight the need for individual
assessment and possible re-calibration to ensure
all examiners meet the required standard of
diagnostic accuracy. This dual approach in
calibration supports a comprehensive
understanding of dental caries assessment,
which is crucial for accurate diagnostics and
effective integration of Al technology in future
dental evaluations.

Kappa (958 cl) Overall percentage

agreement
Examiner 1 0.900 (0.86-0.98) 95.0%
Examiner 2  0.867 (0.84-0.97) 93.3%
Examiner 3 0.737 (0.75-0.93) 86.7%
Examiner4  0.867 (0.84-0.97) 93.3%
Examiner5  0.602 (0.68-0.88) 80.0%
Examiner6  0.368 (0.55-0.78) 68.3%
Examiner 7 0.737 (0.65-0.85) 76.5%
Examiner 8  0.867 (0.84-0.97) 93.3%

Table 3. Kappa values and overall percentage
agreement for interexaminer reproducibility.

Consistency of Inter-rater Reliability (IRR)

Table 4. comprehensively evaluates the
Cronbach's alpha values associated with the
different calibration techniques used in the study.
The results show that all calibration techniques
yielded Cronbach's alpha values greater than 0.9.
This high alpha level indicates inter-rater solid
reliability (IRR) consistency among all the raters
involved.

The Cronbach's values

robust alpha
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reinforce the reliability of using photographic
slides and dental phantoms as practical tools for
identifying dental decay. This level of consistency

across different raters underscores the
trustworthiness of the calibration methods
employed, ensuring that all examiners are well-
aligned in their assessments and capable of
delivering accurate and consistent diagnoses.
This alignment is crucial for applying these
methods in educational settings and clinical
practice, particularly as part of training programs
that prepare dental students for real-world
diagnostics and the integration of artificial
intelligence in dentistry.

Calibration methods n  Cronbach's alpha

Slide 8 0,927
Phantom 8 0,942
Table 4. |Inter-rater reliability based on

Cronbach's alpha.

Discussion

Kappa statistics are paramount in
biomedical sciences for evaluating the

consistency of examiners in interpreting
categorical data. These statistics range from -1,
indicating complete disagreement, to +1,
denoting total agreement among examiners, with
0 reflecting agreement that could merely be due
to chance. Notably, Kappa values are generally
lower than the Overall Percentage Agreement
(OPA) since they account for agreement beyond
chance occurrences. This distinction is significant
as studies have illustrated instances where high
OPA corresponds with low, or even negative,
Kappa values, highlighting the nuanced
interpretation required when evaluating examiner
repeatability.'?

Our study's calibration exercises for dental
caries detection were meticulously designed,
selecting representative samples with the highest
disease prevalence to ensure reliable
repeatability values ''2. Calibration aims to
harmonize examiner perceptions, culminating in a
Kappa score that signifies acceptable agreement
for research purposes at a minimum of 0.61.
Remarkably, the average interexaminer Kappa in
this study reached 0.91, resonating with similar
high-performing studies, while Cronbach's alpha
for both slide and phantom methods was 0.9,
indicating near-perfect agreement.'®

Contrary to expectations and previous
literature, our study found no significant
difference in percentage agreement between
slide photo and dental phantom methods,
supporting the hypothesis that examiners would
achieve consistent results regardless of the
method employed. This finding diverges from
prior research, where notable discrepancies were
observed between these two calibration
techniques. Such consistency underscores the
robustness of our calibration approach, even as
one examiner required retraining due to a low
initial score, highlighting the importance of
individual competence in achieving high
interexaminer reliability.'®2°

Our findings, especially the high Kappa
values and OPA above 90%, signify exemplary
interexaminer reproducibility, essential for the
success of Al in dentistry. Following calibration,
the focus shifts to training the Al model using
Google Colab, marking a pivotal step towards
automating caries detection, potentially
revolutionizing diagnostic approaches in dental
health care.

This study, while contributing valuable
insights into the calibration of dental examiners
and the integration of Atrtificial Intelligence (Al) in
dental caries detection, encounters several
limitations:

Sample Size and Diversity: The calibration
process was confined to a relatively small group
of dental students from a single institution. This
limited sample size and lack of diversity among
participants may not fully represent the variability
in examiner proficiency that could be
encountered in broader clinical settings.

Use of Dental Phantoms: Although
employing dental phantoms embedded with
natural teeth offers a controlled and ethical
training environment, it cannot entirely replicate
the complexity and variability of real patient
cases. Phantoms lack dynamic biological factors
and patient-specific challenges, such as saliva
flow and patient movement, which can impact
caries detection in clinical practice.

Al Training Data Set: The study's focus on a
specific set of 3,000 images from the HI BOGI
application for Al model training may not
encompass the full range of dental caries
presentations. This limitation might affect the Al
model's ability to generalize across unseen
cases, particularly those with rare or atypical
manifestations of dental caries.
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Kappa Statistics Interpretation: While high
Kappa values indicate strong inter-examiner
agreement, they do not necessarily reflect the
absolute accuracy of caries detection. The
reliance on Kappa statistics and percentage
agreement as primary measures may only
capture some nuances of diagnostic accuracy
and decision-making processes.

Future research could address these
limitations by expanding the pool of examiners to
include a broader range of professionals,
incorporating actual patient examinations to
compare with phantom-based training,
broadening the Al training dataset, and exploring
additional measures of diagnostic accuracy.
Further studies might also investigate integrating
newer Al algorithms and software platforms to
enhance the model's diagnostic capabilities and
applicability across diverse dental healthcare
settings.

Conclusions

In conclusion, this calibration study has laid a
solid foundation for future research and
development in integrating Al technologies within
dental diagnostics. It has shown that it is possible
through meticulous training and calibration to
achieve high levels of inter-rater reliability, which
are essential for the practical application of Al in
enhancing the quality and consistency of dental
caries assessments.
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