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ABSTRACT: 
Aim: This comprehensive review is aimed at evaluating the diagnostic and prognostic accuracy of artificial intelligence in 
detecting vertical root fracture. Materials and methods: PubMed, Web of Science, and Google Scholar were searched to 

collect the most relevant articles using terms, such as AI, endodontics, vertical root fracture and dentistry. This review 
included 30 papers related to AI in diagnosing vertical root fracture. Results: The potential application of several AI models 
in identifying vertical root fracture was highlighted by the evaluation of thirty-one studies. It was discovered that up to 
95.7% of vertical root fractures could be detected. Conclusion: The analysis of the research showed that the application of 
AI is promising and may support customised endodontic treatment. It would assist the dentist in identifying vertical root 
fractures early and accurately, which would facilitate appropriate treatment. 
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INTRODUCTION 
A complete or incomplete longitudinal fracture that 

usually starts at any position along the root and 

typically runs in a buccolingual direction is what 

defines a vertical root fracture (VRF).(1) It is 

anticipated that 3.7- 30.8% of teeth that have received 

endodontic treatment may experience vertical root 

fractures; mandibular premolars and molars are the 

most frequently affected teeth. 
A precise diagnosis is necessary for the treatment of 

vertical root fractures (VRF), which can involve 

extraction or partial root resection. (2) 

Transillumination (3) , projection radiography (4), bite 

testing (5), periodontal probing (6), sinus tract detection 
(6), and direct visual inspection (5) are traditional 

techniques for identifying vertical root fractures. (7) 

Cone-beam computed tomography (CBCT) has grown 

in significance among the different diagnostic 

techniques for identifying vertical root fractures due 

to its three-dimensional (3D) imaging capabilities and 
submillimeter spatial resolution. (8) The accuracy of 

artificial intelligence applied over CBCT is even 

higher for diagnosing vertical root fracture. 

 

MATERIALS AND METHODS 

PubMed, Web of Science, and Google Scholar were 

searched to collect the most relevant articles using 

terms, such as AI, endodontics, vertical root fracture 

and dentistry. This review includes30 papers related to 

AI in diagnosing vertical root fracture. 
 

RESULTS AND DISCUSSION 

The potential application of several AI models in 

identifying vertical root fracture was highlighted by 

the evaluation of thirty-one studies. It was discovered 

that up to 95.7% of vertical root fractures could be 

detected. 

 

ARTIFICIAL INTELLIGENCE IN DENTISTRY 

By improving many facets of dental care and making 

treatments more accurate and efficient, artificial 
intelligence is significantly contributing to the 

revolution of dentistry and the transformation of 
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conventional dental practices. AI-powered virtual 

dental assistants perform tasks with a high level of 

precision and require less staff, ensuring accuracy and 

efficiency in dental facilities. AI-powered systems 

may examine intraoral images, radiographs, and 
dental records to find anomalies, support treatment 

choices, and offer tailored advice.  

Conventional machine learning methods have been 

surpassed by neural networks (NN), particularly when 

dealing with complicated input types like language or 

images. Artificial neural networks (ANN) and 

convolutional neural networks (CNN) are commonly 

the foundation of artificial intelligence. An artificial 

neural network (ANN) is a decision-making system 

that draws inspiration from the biological neural 

networks found in the brain. The layers of neurons in 

a typical ANN are fully linked. A number of hidden 
layers are used to transmit the input forward. The 

artificial neurons in the hidden layers can generate an 

output using an activation function after receiving a 

set of weighted inputs.(9) 

Convolutional Neural Networks (CNNs) can 

effectively recognise and categorise dental structures, 

identify abnormalities like cavities, root fractures, and 

periodontal diseases, and help with precise 

segmentation of teeth and surrounding anatomical 

features, thereby improving image-based diagnosis. 
(10) 

AI has found widespread use in the healthcare 

industry, transforming the way doctors diagnose, treat, 

and oversee patient care. 

 

Artificial Intelligence in Diagnostics 

It supports the detection and management of oral 

diseases by identifying and classifying suspicious 

mucosal changes indicative of premalignant or 

malignant conditions.(11) 

AI-enabled applications allow clinicians or patients to 

upload lesion images, compare them with extensive 

global datasets, and receive rapid, expert-level 
assessments.(12) 

 

 

Artificial Intelligence in Patient Management 

AI can help with scheduling clinic consultations for 

patients with dental issues, collecting the patient's full 

medical and dental history, managing funding, and 

providing the dentist with an appropriate evaluation 
and treatment plan.(13) 

 

Artificial Intelligence in the Dental Education 

System 

Clinical dentistry is essential for developing students’ 

skills and ensuring high-quality patient care. 

Traditionally, preclinical training relied on conceptual 

learning and hands-on practice, but recent 

advancements have introduced artificial intelligence 

into dental education. AI-driven simulation systems 

recreate real clinical procedures in 3D, allowing 

students to practice repeatedly, refine techniques, and 
minimize the risk of iatrogenic errors before treating 

actual patients. This modern training approach is more 

effective, cost-efficient, and reliable.(14) 

 

Artificial intelligence in endodontics 

With its ability to improve clinical decision-making, 

increase patient care efficiency, and improve 

diagnostic accuracy, artificial intelligence (AI) has 

emerged as a key tool in endodontics. AI models, like 

as convolutional neural networks (CNNs), help 

identify periapical lesions, vertical root fractures, 
missing canals, and abnormalities in root morphology 

in periapical and CBCT images. This is one of the 

most significant applications in radiography 

interpretation. These devices assist in spotting minute 

radiographic alterations that medical professionals 

would miss. 

In order to increase accuracy and lower the possibility 

of procedural errors, AI is also being used for 

automated working length assessment, root canal 

anatomy mapping, and real-time guidance during 

endodontic treatments. Machine learning algorithms 

can be used in treatment planning to evaluate risk 
factors, forecast the prognosis of root canal treated 

teeth, and assist in making decisions about extraction, 

surgery, or retreatment.(15) 
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Figure 1- Applications of artificial intelligence in endodontics 

(Courtsey: Ahmed ZH, Almuharib AM, Abdulkarim AA, et al. Artificial Intelligence and Its Application in 

Endodontics: A Review. J Contemp Dent Pract 2023;24(11):912–917) 

 

ARTIFICIAL INTELLIGENCE IN DETECTING 

VERTICAL ROOT FRACTURE 

VRF teeth may be misdiagnosed due to vague 

indications and symptoms.(1)Root fractures must be 

diagnosed as soon as possible because they can lead to 

gingival sulcus inflammation, periodontium 
destruction, and ultimately alveolar bone loss in 

nearly all teeth.(16) 

Almost all VRF teeth are extracted or treated using 

hemisection or root separation techniques since they 

are among the hardest to properly treat. (16) On the 

other hand, early treatment that includes the removal 

of contaminated roots can lead to significantly longer 

survival durations for the remaining roots, with 

survival rates after five and ten years of 94% and 

64%, respectively.(17) 

Transitioning from conventional radiography to 
digital imaging and digital image enhancement has 

been explored to improve the diagnostic detection 

capabilities of radiographic techniques.(18) A dentist is 

often faced with a diagnostic conundrum due to the 

clinical presentation and the low sensitivity of 

diagnostic imaging in identifying VRFs. (19) 

To diagnose VRF, radiographic methods including 

periapical radiography were created. However, 

fracture lines are only apparent when the X-ray beam 

is parallel to the fracture plane or when root pieces are 

clearly separated, and 2-dimensional radiography 
pictures are limited due to the overlap of nearby 

structures.(20) Cone beam computed tomography 

(CBCT) has gained popularity in dentistry recently 

and may be utilised to diagnose VRF.(21) However, 

some studies claim that because fracture width 

changes, CBCT's diagnostic effectiveness is still 

unstable (sensitivity and specificity with 53–98% and 

80–98%, respectively).(22) The majority of 

symptomatic fractures were found to have a width 
between 60 and 770 μm.(23)Currently available CBCT 

systems have voxel sizes ranging from 75 μm to 150 

μm. when the fracture width is near the CBCT 

system's voxel size. The details on CBCT images 

grew hazy, making it difficult to diagnose fractures 

without a radiologist's expertise.(24) 

The inability of conventional methods to accurately 

detect VRFs has prompted an invitation to investigate 

novel approaches for improving the diagnosis of 

VRFs.(25) The VRFs are detected by AI programs like 

ML, CNN(convolutional neural network), and PNN 
(probabilistic neural network).(19) 

Recent studies evaluating the integration of artificial 

intelligence and digital imaging in dental diagnostics 

have demonstrated notable improvements in detection 

accuracy across various radiographic modalities.  

Hassan et al.(26) (2009), compared the accuracy of 

CBCT and periapical radiographs in detecting vertical 

root fractures (VRFs) and evaluated the effect of root 

canal filling (RCF) on fracture detection. Eighty 

prepared teeth were divided into four groups, with 

fractures induced in groups A and B and RCF applied 
in groups A and C. Four observers assessed all 

images. CBCT showed higher sensitivity (79.4%) 

than PRs (37.1%), with specificities of 92.5% and 
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95%, respectively. RCF significantly reduced CBCT 

specificity but did not affect its overall accuracy, 

whereas RCF reduced both the sensitivity and overall 

accuracy of PRs. Overall, CBCT demonstrated 

superior accuracy (0.86) compared to PRs (0.66) for 
identifying VRFs. 

Varshosaz et al.(27) (2010), reported accuracy of 91%, 

when applying software-based analysis to CBCT and 

periapical radiographs.  

Metska et al.(28) (2012) achieved even higher 

diagnostic performance, with reporting an accuracy of 

93%.Thirty-nine endodontically treated teeth 

suspected of vertical root fractures (VRFs) were 

evaluated using two CBCT systems (NewTom 3G and 

3D Accuitomo 170).Overall, the 3D Accuitomo 170 

provided superior accuracy and reproducibility for 

detecting VRFs, indicating that diagnostic 
performance varies by CBCT system. 

Kositbowornchaiet al.(18) in 2013 developed a 

Probabilistic Neural Network for VRF detection using 

digital radiography The artificial neural network is 

trained and tested using two hundred digital 

radiography-derived pictures (fifty sound and 150 

vertical root fractures).The efficacy of the PNN-based 

model in detecting VRF in dental radiographs showed 

how AI may be used to tackle this difficult endodontic 

diagnosis problem.  

Johari et al. (29)aimed to develop a probabilistic neural 
network (PNN) to diagnose VRFs in both intact and 

endodontically treated teeth using periapical and 

CBCT radiographs, while comparing the efficacy of 

these imaging methods. A total of 240 radiographs 

(120 VRF, 120 non-VRF; half endodontically treated, 

half intact) were divided into three training/testing 

groups. Daubechies 3 wavelet analysis and Gabor 

filters were used to extract image features for PNN 

training. In periapical radiographs, the network 

achieved a maximum accuracy of 70.0%, sensitivity 

of 97.78%, and specificity of 67.7%, whereas CBCT 

images yielded 96.6% accuracy, 93.3% sensitivity, 
and 100% specificity. These results indicate that the 

PNN is effective for diagnosing VRFs, with CBCT 

outperforming periapical imaging. Limitations include 

using only sound one-rooted premolars without 

restorations and not simulating adjacent anatomical 

structures, suggesting the need for further in vitro 

studies with full-skull and soft tissue simulation. 

Fukuda et al. (10) in 2020 used convolutional neural 

network (CNN) for detecting vrf on panaromic 

radiography and reported a 75% sensitivity and a 93% 

positive predictive value in their detection, serving as 
a computer-aided diagnosis (CAD) tool for 

clinicians.However, because panoramic radiography 

uses two-dimensional imaging, CNNs are only able to 

extract a limited amount of information from the 

images, and their diagnostic efficiency is inadequate. 

Compared to panoramic radiography, CBCT may be 

able to provide far more detailed picture information 

on teeth because of its high-resolution, three-

dimensional imaging.  

Vicory et al. (30) in 2021 used machine learning for 

detecting microfracture on CBCT. Cone beam 

computed tomography (CBCT) has been used to 

identify microfractures, though with limited 

effectiveness. To improve detection, we developed an 
algorithm that integrates high-resolution (hr) CBCT 

scanning with advanced image processing and 

machine learning. Microfractures were artificially 

created in extracted human teeth (n=22), and both hr-

CBCT and microCT images were collected, along 

with control samples (n=14). Using wavelet pyramid 

construction, phase images of the Fourier-transformed 

scans were produced and analyzed with a U-Net deep 

learning model capable of mapping the orientation 

and extent of cracks. This generated slice-wise 

probability maps showing potential microfractures. 

The ratio of high-probability voxels to total tooth 
volume was then assessed to estimate the likelihood 

of cracks. Fractured teeth consistently showed higher 

voxel ratios in both imaging methods. This framework 

introduces a new quantitative approach for assessing 

tooth structural damage. Future work will extend the 

model to full 3D volumes, enhance hr-CBCT feature 

extraction, and validate the system clinically. Early 

microfracture detection may allow better treatment 

planning and prolonged tooth survival. 

Hu et al. (1) 2022 evaluated CBCT images of 276 

teeth, equally divided between VRF and non-VRF 
cases, with diagnoses confirmed by two radiologists. 

Using manually and automatically selected regions of 

interest, three deep learning models—ResNet50, 

VGG19, and DenseNet169—were tested. ResNet50 

achieved the best results in both groups, showing 

97.8% accuracy in manual selection and 91.4% 

accuracy in auto-selection, outperforming the other 

models and even the radiologist. These findings 

suggest that ResNet50 is a highly effective tool for 

assisting in VRF detection. 

 

CONCLUSION 
The diagnosis of vertical root fractures has changed 

dramatically as a result of the application of AI in 

endodontics. This has been demonstrated by the 

application of CNN, ANN, and several machine 

learning models, which have improved clinical 

decision-making, enhanced treatment planning, and 

increased diagnostic precision. Vertical root fractures 

can occasionally be difficult for the human eye to 

notice, but AI can successfully evaluate radiographic 

features to detect them with greater accuracy. An early 

diagnosis improves prognosis and treatment options. 
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