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Effectiveness of Artificial Intelligence Applications Designed 
for Endodontic Diagnosis, Decision-making, and Prediction of 
Prognosis: A Systematic Review
Nezar Boreak

Ab s t r Ac t 
Aim: With advancements in science and technology, there has been phenomenal developments in the application of neural networks in 
dentistry. This systematic review aimed to report on the effectiveness of artificial intelligence (AI) applications designed for endodontic diagnosis, 
decision-making, and prediction of prognosis.
Materials and methods: Studies reporting on AI applications in endodontics were identified from the electronic databases such as PubMed, 
Medline, Embase, Cochrane, Google Scholar, Scopus, and Web of Science, for original research articles published from January 1, 2000, to June 
1, 2020. A total of 10 studies that met our eligibility criteria were further analyzed for qualitative data. QUADAS-2 was applied for synthesis of 
the quality of the studies included.
Results: A wide range of AI applications have been implemented in endodontics. The neural networks employed were mostly based on 
convolutional neural networks (CNNs) and artificial neural networks (ANNs) in their neural architectures. These AI models have been used for 
locating apical foramen, retreatment predictions, prediction of periapical pathologies, detection and diagnosis of vertical root fractures, and 
assessment of root morphologies.
Conclusion: These studies suggest that the neural networks performed similar to the experienced professionals in terms of accuracy and 
precision. In some studies, these models have even outperformed the specialists.
Clinical significance: These models can be of greater assistance as an expert opinion for less experienced and nonspecialists.
Keywords: Artificial intelligence, Artificial neural networks, Convolutional neural networks, Deep learning models, Endodontic diagnosis, 
Endodontic prognosis, Machine learning.
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In t r o d u c t I o n 
The goal of endodontic treatment is to provide bestquality 
treatment with an intention to retain the tooth in its functional state 
and to prevent any further complications. In the recent years, there 
have been tremendous advancements in the endodontic diagnosis, 
instrumentation designs, materials, and treatment procedures that 
mainly intend to achieve successful endodontic care.

To increase the clinical ease, efficiency, and performance of the 
clinician, it is very much essential to have a best clinical picture of 
the endodontic disease and therapy. Even with the availability of 
the various treatment modalities, epidemiological surveys have 
reported that the success rate is only 60–85% for the endodontic 
treatment in general practice.1,2

In order to achieve the best results, accuracy in the diagnosis 
and clinical decision-making is utmost important. With the 
advancements in the science and technology, there have been 
several diagnostics tools and treatment modalities that have 
provided new vistas in diagnosis, clinical decision-making, and 
planning a best therapy for endodontic diseases.

Artificial intelligence (AI) is a newer technology that has been 
widely used in applied in dentistry. Artificial intelligence technology 
is mainly composed of a neural network architecture similar to 
the human brains and which intern mimics the human thinking.3 
This neural architecture pattern is made up of neurons that have 
strong interconnections, which mainly operate as a data-processing 
systems to solve a specific problem.4 With advancements in science 

and technology, there has been phenomenal developments in the 
application of neural networks in dentistry. Artificial intelligence 
technologies have been applied in dentistry mainly for diagnosis of 
dental diseases,5–8 treatment planning, clinical decision-making,7–10 
and prediction its prognosis.11

These AI-based applications applied for the various tasks have 
displayed to be efficient in their performance. The authors have 
also reported that these models are reliable, and their performance 
is equivalent to that of the trained experts. Several studies have 
also reported on the application of this newer concept for the 
diagnosis and treatment planning of endodontic diseases. Hence, 
this systematic review aimed to report on the effectiveness of 
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AI applications designed for endodontic diagnosis, decision-
making, and predicting the prognosis.

MAt e r I A l s A n d  Me t h o d s 
Information Sources and Search Strategy
This systematic review was performed after implying the guidelines 
for Preferred Reporting Items for Systematic Reviews and Meta-
Analyses extension for Diagnostic Test Accuracy (PRISMA-DTA).12 
Studies reporting on AI applications in endodontics were identified 
from the electronic databases such as PubMed, Medline, Embase, 
Cochrane, Google Scholar, Scopus, and Web of Science, for original 
research articles published from January 1, 2000, to June 1, 2020. A 
combination of index words like artificial intelligence; endodontic 
diagnosis; endodontic prognosis; machine learning; deep learning 
models; convolutional neural networks; and artificial neural 
networks were used in the search strategy. The search strategy 
was related to the PICO (problem/patient/population, intervention, 
comparison, and outcome) elements (Table 1).

At the preliminary search, the articles were retrieved pertaining 
to the title and abstract. Electronic databases were the main source 
followed by the hand searching of the articles in the scientific 
journals. The preliminary search yielded us 828 articles that were 
related to our topic of interest. Due to duplication of the data, 
188 articles were eliminated, following which 640 articles were 
considered for the next stage, after which the following eligibility 
criteria’s were applied.

Eligibility Criteria
Inclusion Criteria
The article must have reported in the application of the AI model; 
some measurable or predictive values and data sets used for the 
evaluation of the model should be clearly mentioned.

Exclusion Criteria
Unpublished papers uploaded online, articles with only abstracts 
with no full text, and papers that were not in English.

Study Selection
Fourteen articles qualified the eligibility criteria. The authors’ 
identity and the article details were undisclosed before giving for 

critical analysis among the panel members which was made up by 
four members: SP, SB, SK, AK. The authors followed the guidelines 
set by QUADAS-2 (Quality Assessment and Diagnostic Accuracy 
Tool), a standard tool implied for quality evaluation.13 There was 
a disagreement among the authors for inclusion of 4 articles, and 
henceforth they were excluded. A total of 10 articles were finally 
considered for the quality synthesis (Flowchart 1).

re s u lts 
Search Results
A total of 10 articles were assessed for the qualitative data in 
this systematic review. The trend shows that these studies were 
conducted in the last 8 years.

Qualitative Synthesis
Studies reported on the application of AI in endodontics have 
mainly focused on applying the AI technology for determining 
the working length,14 locating apical foramen,15 retreatment 
predictions,16 prediction of periapical pathologies,17–19 detection 
and diagnosis of vertical root fractures,20,21 and assessment of root 
morphologies22,23 (Fig. 1).

The neural architecture of most models reported in these 
studies were based on ANNs14,15,17 and CNNs.18,19,21–23 One 
study reported of using paraconsistent artificial neural network 
(PANNs)20 and Bayesian neural network (BNN).16 These models 
assessed intraoral periapical radiographs,14–16 CBCT images,20,22 
photographs,17 and panoramic radiographs (OPGs)18,21 (Table 2).

Risk of Bias Assessment and Applicability Concerns
Risk of bias assessment and applicability concern were evaluated 
using QUADAS-2, which is designed for the studies evaluating 
diagnostic accuracy. Patient selection for both the domains 
showed low risk of bias in majority of the studies (risk of bias: 
80%; applicability arm: 60%). However, cadaver samples (Sanghiri 
et al.) and extracted teeth (Sanghiri et al. and Johari et al.) were 
used in three studies and hence were regarded as high-risk bias in 
patient selection domain of applicability arm of the tool. Testing 
and validation were not carried out in a study by Mahmoud et al., 
and hence patient selection, reference test, and flow and timing 
were interpreted as unclear in both the arms of QUADAS-2. Human 
observations were used as reference standard in 5 studies, and 
hence 50% of studies observed high risk in bias assessment and 
applicability concern. All the studies have used highly standardized 
system of AI for training purpose, and hence index test was regarded 
as low risk in both the arms of QUADAS-2. The details of the risk of 
bias assessment and applicability concern of the included studies 
are mentioned in the Supplementary Tables 1 and 2 (Figs 2 and 3).

dI s c u s s I o n 
The success in the endodontic treatment is based on many factors 
such as, exact diagnosis, clinical decision-making, treatment 
procedures, and postendodontic care. Dentists widely rely on the 
conventional radiographic techniques for diagnosis and treatment 
planning of the periapical pathologies.24 With the advancements 
in technology, newer technologies such as artificial intelligence 
have been introduced in healthcare sectors for various purposes. 
Lately, they have also been in introduced in dentistry for assisting 
in diagnosis, decision-making, assessing the need for treatment, 
treatment planning, and predicting of prognosis.

Table 1: Description of the PICO (P = population, I = intervention, 
C = comparison, O = outcome) elements

Research question What is the effectiveness of artificial 
intelligence (AI) applications in endodontic 
diagnosis, decision-making and predicting 
the prognosis?

Population Patients diagnostic images/radiographs 
related to teeth and surrounding structures 
(clinical images, radiographs, CBCT images) 

Intervention AI based models for diagnosis, clinical deci-
sion-making, and predicting the prognosis

Comparison Expert opinions, reference standards 
Outcome Measurable or predictive outcomes such 

as accuracy, sensitivity, specificity, ROC = 
receiver operating characteristic curve,  
AUC = area under the curve, ICC = intraclass 
correlation coefficient, positive/negative 
predictive values (PPV/NPV), F-measure
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This systematic review was planned to report on the on the 
effectiveness of AI applications in endodontic diagnosis, decision-
making, and predicting the prognosis.

AI for Working Length Determination14,15

Determining a correct working length is a crucial step for a successful 
endodontic treatment. There are several techniques that have been 
widely adopted for locating the apical foramen and for determining 
the working length, which mainly includes radiographic methods, 
paper point method, and digital tactile sensation.25 Radiographic 
methods are the most widely used techniques.26,27 Recently, 
electronic apex locators and cone-beam computed tomography 
(CBCT) have been used an new adjuncts for locating the apical 
foramen.28,29 A study reported on AI-based model being applied 
for determining the working length on single-rooted teeth on 
the dry skull. ANNs demonstrated excellent results with 93% of 
accuracy.14 Similar results were reported in another article, where 
the authors evaluated the accuracy of ANNs in determining the 
working length on a human cadaver model. The AI-based model 

demonstrated an accuracy of 96%, and these results were even 
better than the experienced endodontists who demonstrated 76% 
accuracy.15 These results are suggestive that these AI-based models 
are very efficient in determining the apical foramen and working 
length. These models can be of great assistance for less experienced 
dentists and nonspecialists as these AI models can used in clinical 
application when there is no availability of specialists.

AI for Prediction of Periapical Pathologies17,20,23

A dentist needs to gather all the necessary information to make a 
probable diagnosis for which he has to be very precise in recording 
the case history, performing a thorough clinical examination along 
with radiographic evaluation, and then confirm the diagnosis. 
Clinical and radiographic evaluations are sometimes nonconclusive. 
So it is very much important to have a reliable tool that can help 
a dentist in making correct decisions and proper planning of the 
treatment. Artificial intelligence technology is widely used in 
the diagnosis of periapical pathologies. A study reported on the 
application of AI-based CNN model for radiographic detection 
of periapical lesions. The model demonstrated quite satisfactory 
results, with high sensitivity and moderate specificity. This 
model could be of great use for assisting dentists in diagnosing 
and detecting periapical lesions.18 Another study reported on 
application of AI model for detecting periapical lesions on CBCT 
images. The reliability of the model in detecting the periapical 
pathologies was quite amazing with a reliability of 92%. This model 
can be of greater assistance in clinical practice.23 Another study 
reported on application of an AI based model for predicting the 
presence of a periapical lesion. The results were quite surprising, and 
authors reported that this model was not better than the reference 
standard, and the authors mentioned that the results could be 
enhanced in the future work using optimization technique.17

AI for Detection and Diagnosis of Vertical Root 
Fractures20,21

Vertical root fractures (VRFs) are quite rare events that we come 
across in the endodontically treated teeth. Studies have reported 
that the incidence of VRFs is 3.7–30.8% in the teeth that have 

Flowchart 1: Flowchart for screening and selection of articles

Fig. 1: Application of artificial intelligence (AI) in endodontics
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undergone endodontic treatment.30 It is very much important to 
detect these root fractures at an initial stage in order to prevent 
damage to its supporting structures.31 Most of the times, the VRFs 
go unnoticed, as they show only slight symptoms and most of the 
time with no symptoms.32 A study reported on the application of 
AI-based model with a PNN architecture for the diagnosing the 
VRFs on the intact and the teeth that has undergone endodontic 
treatment, when applied on periapical radiographs and CBCT 
images. The model proved to be very efficient in diagnosing the 
VRFs on CBCT images in comparison to periapical radiographs.20 
A similar study reported application of CNNs for detecting VRFs 
on OPGs. The results were also quite promising, which suggests 
the accuracy and performance of these models in detecting VRFs 
is very promising and can be widely applied in clinical practice.

AI for Assessment of Root Morphologies22,23

To achieve a successful endodontic treatment, a dentist needs 
to have a thorough knowledge of the root canal anatomy.33 An 
untreated canal that might have been overlooked could lead 
to microbial colonization and ultimately result in the failure of 
the endodontic treatment.34,35 Considering these things, it is a 
prerequisite for a dentist to have a thorough knowledge and to have 
an efficient diagnostic tool for identifying the root morphologies. 
A study reported of CNN-based AI model applied to identify the 
root morphologies on CBCT images. The model demonstrated 
superior quality results.22 Similar results were reported in another 
study, where the authors reported on application of AI-based model 
for classifying the root morphologies on panaromic radiographs. 
The model performed exceptionally well with a higher accuracy.22 
These models can be used as a clinical diagnostic aid for accurate 
diagnosis in order to prevent eventful situations.

The major limitations of this review are that most of the reports 
mentioned here are based on experimental data sets, and there 
is a need for more explorative research in real-life scenarios. Few 
studies have used very few data sets for the experimentation, like 
the one used for determining VRFs used only single rooted teeth, 
where there is a need to determine the performance on multirooted 
teeth as well.

co n c lu s I o n 
Artificial intelligence technology has been widely applied in 
endodontics. The studies reported on the application of AI in 

endodontics suggest that the neural networks performed similar 
to the experts with better accuracy and precision. In some studies, 
these models have even outperformed the specialists. Out of the 
10 studies reported, only 1 study reported that the model did not 
match the performance of the reference standard. The studies 
stated that these applications can be of greater assistance as an 
expert opinion for less experienced and non-specialists.
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Supplementary Table 2: Applicability concerns

Patient 
selection 

Index test Reference 
standard

Saghiri et al. High Low High
Saghiri et al. High Low High
Campo et al. Low Low Low
Mahmoud et al. Unclear Low Unclear
Johari et al. High Low Low
Hatvani et al. Low Low Low
Ekert et al. Low Low High
Fukuda et al. Low Low High
Hiraiwa et al. Low Low Low
Orhan et al. Low Low High

Supplementary Table 1: Quality assessment (QUADAS 2) summary of 
risk of bias

Patient 
selection Index test 

Reference 
standard

Flow and 
timing

Saghiri et al. Low Low High Low
Saghiri et al. Low Low High Low
Campo 
et al.

Low Low Low Low

Mahmoud 
et al.

Unclear Low Unclear Unclear

Johari et al. Unclear Low Low Low
Hatvani 
et al.

Low Low Unclear Low

Ekert et al. Low Low High Low
Fukuda 
et al.

Low Low High Low

Hiraiwa 
et al.

Low Low Low Low

Orhan et al. Low Low High Low


