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ABSTRACT

Purpose: The research was conducted to evaluate the differences in the assessment of root
canal filling quality among endodontists, radiologists and Al technology (Thakaamed Detect) in
periapical and panoramic radiographs.

Methodology: The study included three groups; Group 1: Endodontist assessed 500 periapical
and 500 panoramic radiographs. Group 2: Radiologist assessed the same set of 500 periapical
and 500 panoramic radiographs. Group 3: Al model (Thakaamed Detect) assessed the same set
of 500 periapical and 500 panoramic radiographs after manual evaluations by the endodontist
and radiologist. The radiographs were randomly assigned, and the assessors were blinded to
each other’s evaluations. After manual evaluations, the same radiographs were uploaded to the
Al tool (Thakaamed Detect) for assessment. This tool was developed to store and process dental
images. Thakaamed Detect generated a report for each radiograph, identifying the quality of the
root canal fillings. Al results were compared to manual evaluations to determine differences in
assessment of root canal filling quality. Data was statistically analyzed using ANOVA test, followed
by Bonferroni’s post-hoc test. Kappa statistic was used to assess agreement between Endodontist,
Radiologist and Al.

Results: There was statistical significant difference between evaluation of root canal filling
quality by Endodontist, Radiologist and Al. Highest quality of root canal filling was evaluated
by Endodontist. Radiologist reported statistically significantly lower quality. Al reported the
statistically significantly lowest root canal filling quality.

Conclusion: This study has shown significant variability in root canal filling quality assessments
among endodontists, radiologists and Al in periapical and panoramic radiographs.

KEYWORDS: Artificial intelligence, panoramic radiographs, periapical radiographs, root
canal filling, variability.
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INTRODUCTION

The success of root canal therapy is greatly
reliant on quality of root canal filling, which
prevents reinfection and supports long term tooth
retention” . Root canal treatment is evaluated using
clinical and radiographic examination. Clinical
data should determine the presence or absence of
signs and symptoms of infection and radiographic
examination helps in evaluating the quality of filling

in the root canal system®.

The European Society of Endodontology’s
recommendations for endodontic treatment: as
outlined in their consensus report, specify the
standards for root canal therapy. According to these
guidelines, the canal filling should be homogenous
and free of internal or external voids Furthermore,
the root canal filling should terminate at the length
of 0.5 to 2.0 mm from the root apex. The lumen of
the root canal between the end of the filling and
the radiographic apex should not be visible on the
postobturation radiographs ® .

Quality of root canal treatment may vary among
dental students, general dentists and endodontists.
The differences are often due to varying levels
of experiences, knowledge and dexterity which
can be prone to variability ®. Integrating artificial
intelligence (Al) into this process offers the potential
to give more objective and consistent evaluations
while successfully removing human error caused by
stress, exhaustion, or a lack of expertise®. Although
Al has numerous advantages, it has some drawbacks
such as limited data availability, accessibility,
structure and sophistication, lack of rigor and
standards in its development, and problems with
ethics and responsibility®. Despite these challenges,
Al is widely used in endodontics and can aid in
various clinical applications, including determining
working length, detecting root fractures, identifying
periapical pathologies, analyzing root morphology,
tracing apical foramen and predicting diseases ©.
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Artificial

machines to perform tasks that are typically carried

intelligence is the capability of
out by humans ?. Machine learning (ML) is a
subset of artificial intelligence, allows computers
to learn from data and make predictions based on
this learning process. ML can analyze massive
datasets, enabling the algorithm to learn from the
interpreted data and enhance its performance over
time ®. This capability facilitates the development
of sophisticated tools that, through exposure to
various scenarios, can solve complex problems and
enable predictive modeling ©.

Deep learning (DL) is a form of ML that makes
use of artificial neural networks (ANNSs) which
function similarly to the human brain. ANNs are
designed to process and learn from large amounts
of data 19, Initially, ANNs assign random weights
to the connections between neurons, and through
the learning process, these weights are adjusted
to ensure the network operates properly. In image
recognition, each layer of an ANN performs an
abstraction process: the first layer distinguishes
lines and corners, while subsequent layers identify
more complex features such as curvatures. Adding
convolution to the network allows it to focus on
low-level mechanisms like curves and edges within
an image "V,

Convolutional neural networks (CNNs) are a
type of artificial neural network (ANN) that excel
tasks like image classification and object detection.
They are specifically designed to analyze the
spatial relationships between elements in an image
and extract meaningful information. CNNs have
been utilized in in various fields, including object
recognition, categorizing images into different
classes, and extracting information “*'¥. These
computer algorithms must be “taught” correctly to
mimic human brain decision making and produce
trustworthy and clinically augmented results®!.
In dental medicine, CNNs have been trained to
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extract data from images, such as identifying dental
caries !9 detecting alveolar crest bone level ! and
periapical pathosis ¥,

Radiographs are the principal tool used by
dentists to assess tooth anatomy, especially in
endodontics, where radiograph analysis is critical for
treatment planning and diagnosis . Furthermore,
Food and Drug Administration (FDA) recently
approved numerous Al technologies for dental
image processing, representing significant progress
in the practical application of Al in dental medicine
@9 Recently, several researches have explored the
diagnostic capabilities of deep learning algorithms
in oral and maxillofacial imaging modalities
including periapical radiography®" and panoramic
radiography?**. These studies investigate how Al
can enhance accuracy and efficiency in interpreting
radiographic  images,

potentially  improving

diagnostic outcomes in dental practice.

Al-based X-ray image analysis could benefit from
convolutional neural networks with multiple layers
since they evaluate adaptive image features and
perform image classification thus reducing the need
to input predefined image signs for identification
process calibration. Despite advancements like
CNNs show promise in improving diagnostic
processes, further studies are necessary to thoroughly
assess their effectiveness, accuracy, and integration
into routine clinical practice. Continued research
will help validate and refine Al technologies,
ensuring they meet the rigorous standards required
for reliable diagnostic support in dentistry 42,
The present study was conducted to evaluate the
differences in the assessment of root canal filling
quality among endodontists, radiologists, and Al
technology (Thakaamed Detect) in periapical and
panoramic radiographs. and the null hypothesis of
this study was that there is no difference between Al

model and manual assessment.
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MATERIALS AND METHODS

Study design:

This research was designed as a retrospective co-
hort study. All periapical and panoramic radiographs
were collected from the dataset obtained from pa-
tients who came to radiology clinic of the faculty of
dental medicine of Al-Azhar and October6 univer-
sities between January 2021 and December 2022.
All procedures followed the Helsinki Declaration
of Human Rights guidelines. Ethical approval was
obtained following guidelines from the Research
Ethics Committee (REC) (RECO6U/8-2024) of
Faculty of Dentistry, October 6 University.

The inclusion criteria:
An average patient age of 50-20 years old

b. Periapical and panoramic radiographs of

permanent teeth.
Radiographs with optimum resolution.

d. Showing at least one tooth with root canal
filling.

The exclusion criteria:
Radiographic error such as a cone-cut.
b. Deciduous teeth radiographs.

¢. Poor quality radiograph where root canal filling
of the teeth was not visible.

Sample selection:

The current study selected anonymized 500
periapical and 500 panoramic radiographs of 1000
patients that meet the inclusion criteria. These
radiographs were retrospectively selected from 4,000
collected periapical and panoramic radiographs.
Periapical radiographs were taken using dental x
ray machine (Planmecca ProMax) set at 70 kvp ,8
mA and 0.08-0.04s, panoramic radiographs were
taken using panoramic imaging system (OrthoPhos
3D, Sirona,Germany.) set at KVp:70, mA:12 and
exposure time 11 seconds.
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Sample distribution

All periapical and panoramic radiographs were
coded with sequential numbers, then randomly
assigned to three assessor groups. Each assessor
(endodontist, radiologist, Al) was provided with the
same set of 1000 radiographs, which included 500
periapical and 500 panoramic radiographs.

Study groups

The study included three groups based on
assessor type:

Group 1: Endodontist

Endodontist assessed 500 periapical and 500
panoramic radiographs.

Group 2: Radiologist

Radiologist assessed the same set of 500
periapical and 500 panoramic radiographs.

Group 3: AI model (Thakaamed Detect)

Al model assessed the same set of 500 periapical
and 500 panoramic radiographs after the manual
evaluations by the endodontist and radiologist.

Randomization and blinding

Randomization of the samples was performed
using random number generator. https://www.
random.org/. The endodontist and radiologist were
blinded to each other’s assessments and the Al
assessments and the Al model was blinded to the
manual evaluations and did not receive any input or

1, Upload

QD> THAKAN g Ahmed Hashem (31) (3 05.06.2024 22:26 17
“3° meD Radiography

Periapical

Q
+ Show Teeth Numbering

~ + Dental Problems

i ® % 3 6

® - Carles

®  Periapical Lesio...
~ + Dental Restorations

® ~ crown

~ v Filing

®

|

Implant !

- v |
Supporte... a

® - Root-canal filli... [ 1] \é}

@ ThakaaMed 2024

Clarification Text Cookie Policy Privacy Policy

Sabah M. Sobhy and Shereen Fathy Ahmed

feedback from the manual evaluations.

Manual evaluation

Two examiners, including an endodontist and
oral and maxillofacial radiology expert with over ten
years of experience conducted an independent man-
ual radiographic evaluation. In case of disagreement,
they discussed the image to achieve a consensus.
The assessment of quality of root canal filling on
the radiograph adhered to guidelines from European
Society of Endodontology (ESE) ®9 and using the
criteria established by Balto et al. (2010)?” which
include evaluating the distance between the end of
the filling and the radiographic apex, assessing the
density of the filling and considering the taper of the
root filling 7.

Al evaluation

The deep neural network software, originally
trained through transfer learning, has been adapted
for use with periapical and panoramic X-ray images
following extensive training. This software is
capable of applying the World Dental Federation
(FDI) notation for tooth numbering and identifying
normal anatomical structures such as the mandible,
mental foramen, mandibular canal, maxillary sinus,
and dental pulp. Additionally, it can detect various
dental diseases and treatments on radiographs,
including dental caries, root canal treatments,
periapical lesions, root remnants, periodontal bone
loss, crowns, bridges, impacted teeth, implants, and
fillings (Fig.1).
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Fig. (1) Teeth numbering and detection of caries, root canal filling, periodontal bone loss, periapical lesions and crowns by Al
model (Thakaamed Detect) on radiograph. A) Periapical radiograph. B) Panoramic radiograph.
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Fig. (2) Al model (Thakaamed Detect) assessment of root canal filling quality on radiographs. A) Periapical radiograph.

B) Panoramic radiograph.
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Periapical and panoramic radiographs in JPEG
format were uploaded to Thakaamed Detect
(Thakaamed Detect, KSA), a tool was designed to
store and process dental images. For each radiograph,
Thakaamed Detect generated a report evaluating
root canal filling quality (Fig.2). Al results were then
compared to the manual evaluations to determine
the differences in the assessment of root canal filling
quality.

Statistical analysis

In the study, numerical data were assessed for
normality through examination of their distribution
and using tests (Kolmogorov-Smirnov and Shapiro-
Wilk tests). All data followed normal (parametric)
distribution. Results were presented as mean and
standard deviation (SD) values. Bonferroni’s post-
hoc test was used for pair-wise comparisons when
ANOVA test is significant. Kappa statistic was used
to assess agreement between Endodontist, Radiolo-
gist and Al. Kappa values ranging from 0.8 to 1 in-
dicate very good to perfect agreement. The signifi-
cance level was set at P < 0.05. All statistical anal-
ysis was performed with IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM Corp.

RESULTS

Quality of root canal filling: (Table 1)

The
difference between evaluation of root canal filling

study found a statistical significant
quality by Endodontist, Radiologist and Al (P-value
<0.001). The highest quality of root canal filling was
evaluated by Endodontist. The Radiologist reported
statistically significantly lower quality. Al reported
the statistically significantly lowest quality of root

canal filling.

Agreement between Endodontist, Radiologist
and Al: (Table 2)

Whether
radiographs, there was perfect agreement (Kappa =

with  panoramic or periapical

1) between Endodontist and Radiologist.
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With panoramic radiograph, there was very good
agreement (Kappa = 0.867) between Endodontist
and Al as well as Radiologist and Al.

With periapical radiograph, there was very good
agreement (Kappa = 0.848) between Endodontist
and Al as well as Radiologist and Al.

TABLE (1) Descriptive statistics and results of
repeated measures ANOVA test for
comparisons between quality of root canal
filling (%) evaluated by Endodontist,

Radiologist and Al
Endodontist Radiologist Al
P-value
Mean SD  Mean SD  Mean SD
7284 168 665B 178 61.6¢ 17 <0.001*

*#: Significant at P =< 0.05, Different superscripts indicate
statistically significant differences

TABLE (2) Results of Kappa statistic for agreement
between Endodontist, Radiologist and Al:

Evaluator Kal.yp.a
statistic

Endodontist and Radiologist 1
Panoramic  Endodontist and Al 0.867

Radiologist and Al 0.867

Endodontist and Radiologist 1
Periapical ~ Endodontist and Al 0.848

Radiologist and AL 0.848
DISCUSSION

The present study analyzed an AI model named
(Thakaamed Detect)
filling quality in digital periapical and panoramic
radiographs. This is the first study to test the use

in assessing root canal

of Al in evaluating root canal filling quality. Al
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is increasingly utilized in radiology to identify
problems in images that might otherwise go
unnoticed *¥. Many clinicians and scientists are still
unaware of the full potential of Al and its impact on

personal and professional lives®”.

Root canal treatment quality can vary between
dental students, dentists, and endodontists due to
different levels of knowledge and experience®®.
Integrating artificial intelligence (AI) into this
process can provide more objective and consistent
judgments, effectively reduce man-made errors
caused by stress or a lack of expertise®”. The
endodontist and oral and maxillofacial radiology
expert who participated in the comparison were
qualified specialists, and their results served as the
reference standard.

The current standards for assessing root canal
filling quality are based on periapical radiographs,
which dentists and specialists routinely do and
requires lower radiation dosage. However, dentists
may interpret radiographs inconsistently, and
radiation issues make them unsuitable for screening
all of the dentition®”. Panoramic radiographs are
commonly utilized in dentistry despite their lower
resolution, they have the ability to capture a larger
area of the oral cavity with fewer radiation doses
than full mouth periapical and CBCT imaging. This
imaging modality enables a thorough examination
of the entire dentition, including the alveolar
bone, temporomandibular joints, and surrounding
structures, making them an important screening
tool®!3?, we performed a retrospective study to
evaluate the variability in assessment of root canal
filling quality among endodontists, radiologists, and
Al technology in digital periapical and panoramic

radiographs.

The number of images used in this study (500
periapical and 500 panoramic) was comparable to
those used in previous studies. For instance , Li CW
et al ®used 476 periapical radiographs to detect
apical lesion using Al and Gunec et al ¥ used

(3875)

500 panoramic radiographs to evaluate diagnostic
accuracy of Al on identifying caries and periapical
infection.

In the current study, the highest root canal filling
quality was evaluated by the endodontist.

Radiologist reported statistically significantly
lower quality while AI reported the statistically
significantly lowest root canal filling quality. This
can be explained by the endodontist’s specialized
training and experience which may increase
their confidence in root canal filling quality. The
radiologist, with a focus on radiographic features and
potential concerns that endodontists may not notice,
demonstrating their expertise in detecting small
radiographic errors and artifacts. Al algorithms,
being objective and can identify subtle issues that
manual examination may miss.

Endodontist and radiologist offer deep under-
standing of clinical needs, disease processes, and
subtleties of imaging interpretation, they can incor-
porate new clinical information or research findings
into their practice immediately, whereas Al alog-
rithms may lag in incorporating the latest evidence
or may require additional training® Endodontist
and radiologists bring years of training and experi-
ence that enable them to identify radiographic er-
rors, anatomical variations, and pathological lesions
that AI might miss due to its reliance on predefined
pattern®®.

CONCLUSION

This study has shown significant variability
in root canal filling quality assessments among
endodontists, radiologists, and Al technology in
periapical and panoramic radiographs.

Future research with a larger dataset should focus
on refining Al tools and understanding discrepancies
to improve clinical outcomes.
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