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Impact of Artificial Intelligence in Endodontics: Precision, Predictions,

and Prospects

Abstract

Artificial intelligence (AI) has become increasingly prevalent and significant across many industries,
including the dental field. AI has shown accuracy and precision in detecting, evaluating, and
predicting diseases. It can imitate human intelligence to carry out sophisticated predictions and
decision-making in the health-care industry, especially in endodontics. AI models have demonstrated
a wide range of applications in the field of endodontics. These include examining the anatomy of
the root canal system, predicting the survival of dental pulp stem cells, gauging working lengths,
identifying per apical lesions and root fractures, and predicting the outcome of retreatment treatments.
Future uses of this technology were discussed in terms of robotic endodontic surgery, drug—drug
interactions, patient care, scheduling, and prognostic diagnosis.
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Introduction

When we consider artificial intelligence
(Al), the first thing that comes to mind
is “Can a machine think?” Scientists and
researchers have long been fascinated by
“THE BRAIN,” one of the most fascinating
parts of the human body. The scientific
community has never fully grasped how
to develop an ideal model that perfectly
replicates the human brain.'"?l Despite
numerous challenges, “AI” has become
increasingly significant in all spheres of life
due to its unstoppable advancement.** The
term Al refers to the ability of a machine
or software to replicate human intellect
for specific tasks through technology.>*!
To help with the early detection of dental
conditions such as cavities, periodontal
disease, and oral cancers, Al-powered
algorithms  can  analyze  enormous
amounts of dental images and patient
data faster than a dentist can blink.
By quickly and accurately identifying
abnormalities, dentists can intervene at an
early stage, leading to more effective and
minimally invasive treatment outcomes
[Figure 1].919 The prognosis for the
patient is improved, and fewer expensive
procedures and treatments are required as
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a result. In the fields of endodontics and
esthetic dentistry, Al presents a wide range
of advantages, including the ability to
detect morphological abnormalities, errors
in the location of new canals, working
length (WL) determination, retreatment
procedures, reduction of root fractures,
regenerative endodontic procedures,
improved diagnosis and treatment planning,
and personalized treatment and prosthetics,
virtual simulation, and augmented reality,
and smile designing.['"1%]

To fully comprehend the potential of Al in
endodontics, it is essential to understand
the concepts of deep learning, machine
learning, big data, and scientific data. Deep
learning is a subset of machine learning that
aims to mimic the human brain’s neural
networks. It involves training algorithms on
large datasets to make accurate predictions
or classifications. Machine learning, on
the other hand, is a broader concept that
encompasses ~ various algorithms and
techniques for analyzing and interpreting
data. Big data refers to the massive volume
of structured and unstructured data that is
generated in endodontic practice, including
patient records, clinical notes, imaging
data, and more. By utilizing big data, Al
algorithms can extract valuable insights and
patterns that may be difficult for humans
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to identify. Scientific data, in the context of endodontics,
refers to the research and empirical evidence gathered in
the field. This data includes studies, clinical trials, and
experimental data that inform evidence-based practice in
endodontics. Understanding and leveraging deep learning,
machine learning, big data, and scientific data in the field
of endodontics is crucial for harnessing the full potential
of Al in improving diagnosis, treatment planning, and
outcomes for patients [Figure 2].1'4

Hence, the present article will enlighten in the application,
limitations, advantages, and gaps in the field of Al in
endodontics.

Application of Artificial

Endodontics

Intelligence in

Al is becoming more and more important in endodontics.
It is currently becoming more important for diagnosing
diseases and planning endodontic  treatments.['>!'*]
Al-based networks can detect even minute to insignificant
changes at the level of a single pixel that the human
eye might miss.'5® A few of its applications in
endodontics are mentioned in Figure 3. AI models such as
convolutional neural networks (CNNs) and artificial neural
networks (ANNs) have been used in endodontics to study
root canal system anatomy, determine WL measurements,
detect periapical lesions and root fractures, and predict the
success of retreatment procedures. CNNs are well-suited
for image-related tasks, such as segmentation and pattern
recognition, while ANNs are valuable for decision support,
predictive modeling, and integrating diverse datasets.
Combining these approaches can enhance the overall
understanding and management of the root canal system
in endodontics.>* ANN learns from input data and adjusts
connection weights to minimize errors between predicted
and actual outcomes. CNN is specialized for processing
visual data like images. It comprises convolutional layers,
pooling layers, and fully connected layers. These layers to
extract features from input images, followed by pooling
layers to reduce dimensionality.['”]

Morphology of root and root canal system

The success of nonsurgical root canal therapy depends
critically on an understanding of the various kinds of
roots and root canal systems. Periapical radiography and
cone-beam computed tomography imaging have frequently
been used for this purpose.l'”! Radiological imaging is
tightly associated with endodontic treatment because it
is used to clinically examine the morphology of the root
canal. Panoramic radiographs — A two-dimensional (2D)
imaging technique — may be insufficient to comprehend the
morphology of root canals. Two distinct CNN algorithms
were developed and their estimation performances were
compared in a study that sought to estimate the number
of distal roots of mandibular first molars on panoramic
radiographs. These teeth are single in most of the population
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Figure 1: Various applications of artificial intelligence in dentistry.["!
3D: Three-dimensional, CAD: Computer-aided design, CAM: Computer-aided
manufacturing
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Figure 2: Key element of artificial intelligence!
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Figure 3: Artificial intelligence application in endodontic dentistry.!'*'"1
Al: Artificial intelligence

and occasionally may have accessory canals. The two
performers’ performances did not differ significantly from
one another.02!

Working length determination

Choosing the appropriate WL is essential to guarantee
the effectiveness of root canal therapy. Inadequate WL
determination frequently results in flare-ups, periapical
foreign body reactions, inadequate microbiological control,
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and instrumentation beyond the apical foramen.["?? There
are several methods for determining the apical foramen
and WL, including radiography, digital tactile sense, and
the patient’s reactions to a file or paper point.?>?* Digital
technology has shown advantages in locating the apical
foramen as well as disadvantages in terms of errors.
Consequently, research has been done on the application of
ANNSs to estimate the correct WL of teeth. Saghiri et al.>2¢
stated that ANNs can act as a second opinion to locate
the Apical foramen (AF) on radiographs to enhance the
accuracy of WL determination by radiography. In addition,
ANN can function as a decision-making system in various
similar clinical situations. ANN technique in a human
cadaver model to the WL demonstrated an outstanding
accuracy of 96%, which is higher than the accuracy of
expert endodontists (76%). These findings matched those of
another study by the same author and his associates, who
used feature extraction processes from radiographs before
processing the data with an ANN. The study found that
finding the minor apical foramen was 93% accurate.?*!

Retreatment procedures

The system’s ability to accurately predict the outcome of
the retreatment is one of its strongest points. The limitation
was that the system’s accuracy could only correspond with
the data.®*% While predicting the outcome of retreatment
through Al is a valuable aspect for clinical decision-making,
it is essential to acknowledge and address the limitations to
ensure responsible and informed application in real-world
health-care scenarios. Case-based reasoning is developing
solutions to problems based on prior experiences with
related problems. Relevant knowledge and information may
be included by locating related situations. This system may
have the issue of variability and the prevalence of different
approaches.P1321 AT plays a significant role in advancing
endodontic retreatment procedures, offering innovative
solutions to enhance precision, efficiency, and outcomes.
Here’s how Al is integrated into the retreatment processes
in endodontics: image analysis and diagnosis, automated
treatment planning, root canal system segmentation,
predictive outcomes modeling, patient-specific risk
assessment, posttreatment follow-up, and evaluation.

The integration of Al in endodontic retreatment procedures
holds promise for improving diagnostics, treatment
planning, and overall decision-making. The ability of Al
to process complex datasets and provide valuable insights
contributes to a more precise and personalized approach to
endodontic retreatment.4

Root fracture detection

Radiographs and cone-beam computed tomography (CBCT)
imaging help detect a vertical root fracture (VRF), which
can be difficult to diagnose. Furthermore, if a definitive
diagnosis is not made, unnecessary surgery or tooth
extraction may result. When it comes to identifying VRFs,

traditional radiography’s low sensitivity and clinical
presentation typically restrict a clinician’s diagnostic
options.?***! According to Fukuda ef al., the utilization of a
CNN could serve as a beneficial means for detecting VRFs
in panoramic radiographs. In an alternate investigation, a
neural network underwent training to distinguish VRFs in
teeth, encompassing both intact and root-filled conditions,
by analyzing periapical radiographs and CBCT images.**3”
They discovered that fracture identification of roots on CBCT
images is superior in terms of specificity, accuracy, and
sensitivity when compared to images from 2D radiographs.
Shah et al. created an innovative approach capable of
automatically detecting, quantifying, and pinpointing cracks
in high-resolution CBCT (hr-CBCT) scans of teeth. This
method utilizes steerable wavelets and learning techniques.
Initial outcomes were derived from hr-CBCT scans of both
healthy teeth and teeth with artificially induced longitudinal
cracks. These mathematical operations allow weak signal
recovery from noisy settings in a machine learning method.
Steerable wavelets were successfully used to identify fractures
in hr-CBCT images, despite the small sample size.>*!

Regenerative Endodontics

The integration of Al into regenerative endodontics
signifies a transformative approach toward enhancing
treatment efficacy and patient outcomes. Al-driven research
accelerates the development of novel techniques and
materials in regenerative endodontics, fostering continual
innovation, and refinement of treatment modalities. In a
study, Bindal ef al. evaluated the stem cells taken from the
pulp of teeth in various regenerative therapies using the
neuro fuzzy inference method. This approach predicted the
outcome by measuring the stem cells’ survival after being
treated with bacterial lipopolysaccharides in a clinical
scenario model.B% To forecast cell survival following a
range of regeneration processes susceptible to microbial
infection, the neuro-fuzzy inference system was suggested
as a useful instrument.?**J The scientists gave pulp stem
cells lipopolysaccharide to cause an inflammatory response,
and then they tested the cells’ viability. The accuracy of
the prediction was then assessed by the researchers using
adaptive neuro-fuzzy interferences to predict the survival
of these stem cells after microbial invasion.*!#2

Shortcoming and Gaps in Artificial Intelligence
and Endodontics

1. The health-care system requires a standard programming
technology for organizing appointments, managing
patients, and periodic recall. This system also has to be
updated regularly to keep up with the changes occurring
in the health-care sector

2. The cost of setting up an Al-based system in the
independent clinic would not be feasible

3. The availability of patient data using individual health
records can prove to be useful in informing dentists

Journal of Medical Signals & Sensors | Volume 14 | Issue 9 | September 2024 3



Parinitha, et al.: Artificial intelligence in endodontics

about adverse reactions to the use of certain drugs and/
or the adjustments required in the treatment protocol.
However, this can be a disadvantage, as misuse of
information can also occur through the Al channels

4. No protocol has been devised yet to provide a precise
diagnosis that would affect the prediction of outcomes
or determination of the prognosis. The clarity of this
diagnosis would be based on the clinical findings

5. Dynamic navigations in endodontic surgery can be
improved with the help of Al, very minimal number
of studies investigate these techniques and it is highly
recommended that further studies be done to check and
assess robotically guided placement endodontics.!!41:4%

Benefits to Doctors and Patients

Al demonstrated accuracy and precision in terms of
detection, determination, and disease prediction in
endodontics. Al can contribute to the improvement of
diagnosis and treatment and can lead to an increase in
the success of endodontic treatment outcomes. The future
of this technology was discussed in light of helping with
scheduling, treating patients, drug—drug interactions,
diagnosis with prognostic values, and robotic-assisted
endodontic surgery.['”

Conclusion

The integration of Al in endodontics marks a transformative
paradigm, enhancing diagnostic precision and treatment
efficacy. From the nuanced analysis of root canal system
anatomy to predicting outcomes of retreatment procedures,
Al brings unprecedented advancements. The potential to
detect minute anomalies and optimize WL determination
showcases its invaluable role. While challenges such
as standardization and ethical considerations persist,
Al’s trajectory promises to revolutionize endodontic
practices, ushering in an era of personalized, efficient, and
technologically augmented dental care. As Al continues to
evolve, its collaborative synergy with dental professionals
holds the key to further refining and advancing endodontic
outcomes.

ANNs, CNNs, and other advanced techniques play
pivotal roles in diagnosing various aspects of endodontic
conditions, including canal morphology, retreatment, WL
determination, regenerative endodontics, and root fractures.

The increasing popularity of interdisciplinary dentistry in
the upcoming decades makes it imperative to evaluate the
value of AI and its potential applications in endodontics.
Al and other modified bioengineering components could
change the course of the highly researched field of
endodontics. The integration of Al across diverse fields of
knowledge has the potential to enhance patient care. The
integration of Al technology with traditional methods can
reduce the possibility of interpreting errors and be easily
implemented into regular clinical practice.
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