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ABSTRACT

Objective: To investigate the effectiveness of using YOLO-v5x in detecting fixed prosthetic restoration in panoramic radiographs.
Study Design: Descriptive study.

Place and Duration of the Study: Department of Oral and Maxillofacial Radiology, Eskisehir Osmangazi University, Eskisehir,
Turkiye from November 2022 to April 2023.

Methodology: For the labelling of fixed prosthetic restorations, 8,000 panoramic radiographs were evaluated using the YOLO-
v5x architecture. In creating the dataset for this study, fixed prosthetic restorations were categorised as dental implant, pontic,
crown, and implant-supported crown on dental panoramic radiographs. The labelled images were then randomly split into three
groups: 80% for training, 10% for validation, and 10% for testing. The labelled panoramic images constituted the model's training
dataset, and leveraging the knowledge acquired during this learning stage, the model generated predictions in the testing phase.
Results: The majority of labelling data were dedicated to crown restorations. The precision and sensitivity values of YOLOv5x
were 0.99 and 0.98 for crowns, 0.98 and 0.99 for implants, 0.99 and 0.99 for pontics, and 0.99 and 0.99 for implant-supported
crowns, respectively.

Conclusion: The results obtained in this study demonstrate a satisfactory success rate of YOLO-v5x in detecting dental pros-
thetic restorations. The high precision and sensitivity of the model indicate its strong potential to enhance clinical professional

performance and contribute to the development of more efficient dental health services.
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INTRODUCTION

Prosthetic dentistry diagnoses and preserves the function,
comfort, appearance, and health of the oral structures of
dental patients with missing or absent teeth. It restores
missing teeth and structures by replacing them with artificial
ones.™” Fixed prosthetic restorations are dental prostheses,
fabricated to replace missing teeth in dental patients. Due to
advantages, such as being more socially and psychologically
practical, providing comfort, and occupying less space in the
oral cavity, fixed prosthetic restorations are preferred more
thanremovable prosthetics.
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Artificial intelligence (Al) software has gained momentum in
many fields of medicine and dentistry and deep learning (DL),
one of the Al methods, has found widespread use in dentistry in
recentyears.DLisalearningmethodbased specifically on multi-
layered artificial neural networks (ANN). These networks
consist of layers that work similarly to the nerve cells in the
human brain and can process data. The ANN specialised in
dealing with grid-like topology data, such as 2D and 3D images,
are called convolutional neural networks (CNN).> CNNs were
used in dentistry in tooth classification and segmentation,
anatomical landmark and caries detection, periodontal bone
loss, and vertical foot fracture detection etc.*™ In the past,
various imaging methods such as 2D (e.qg., periapical, pano-
ramic radiographs) and 3D (cone beam computed tomography)
were used, and dental restoration detection was even
performed using intraoral photographs.®*® In majority of these
studies, CNNs were found to be successful, demonstrating an
accuracy rate of over 90% in tasks, such as dental landmark
detection, cavity detection, object classification, and disease
diagnosis. Using DL methods may provide more precise and
accurate diagnoses and can reduce the workload of dentists.
Additionally, detecting and diagnosing teeth and restorations
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can help dentists keep electronic records of their patient's oral
health over time and spot possible problems before they
worsen. Furthermore, digital profiling of teeth and restorations
can also be used for personal identification in forensic dentistry
orintheaftermath ofamajor catastrophe.™

You only look once (YOLO) is a novel DL method employed for
object detection in medical imaging."> Compared to traditional
CNNs, YOLO is claimed to be faster, more efficient, and easy to
use, making it the preferred choice for real-time object detec-
tion. YOLO divides the image into a grid and predicts bounding
boxes and class probabilities for each cell.'” YOLO-v5x is one of
the latest and most advanced versions of YOLO-series. In litera-
ture, numerous studies have utilised commonly used CNN
models such as Denti.Al, ResNet, U-Net, etc.”™" However,
object detection-focused models, such as YOLO-v5, have
limited and unsupported research on dental radiography data.
YOLO-v5 could be successful in object detection in dentistry,
given its speed, ease of use, and other features. Therefore, the
objective of this study was to determine the detection success
of YOLO-v5x in dental radiographs by examining fixed pros-
theticrestorationson panoramicradiographs.

METHODOLOGY

Inthis retrospective study, segmentation models for dental fixed
prosthetic restorations (CranioCatch, Eskisehir-Turkiye) were
developed using the YOLO-v5x architecture implemented in
PyTorch, based on anonymised panoramic radiographs. The
research protocol was approved by the University’s Non-Inter-
ventional Clinical Research Ethics Board (Decision Date and
Approval Number: 04.10.2022/22) and followed the principles of
the Declaration of Helsinki. A total of 10,000 anonymised dental
panoramic radiographs were randomly selected fromthe univer-
sity database from November2022 to April 2023. The panoramic
radiographs were obtained from individuals aged 18 years and
over who presented with various dental complaints. All dental
panoramic radiographs included in the study were captured
using a Planmeca Promax 2D panoramic dental imaging device
(Planmeca, Helsinki, Finland) with settings at 68 kVp, 16 mA, and
a 13-second exposure. Panoramic radiographs exhibiting arte-
facts resulting from patient movement, improper positioning, or
superposition of foreign subjects were excluded from the
database, as they could potentially lead to inaccurate evalua-
tions.

The labelling process is conducted hierarchically, by the
researchers with a minimum of 10 years of experience. Subse-
quently, an oral and maxillofacial radiologist (E.B., with 10 years
of experience) has reviewed, refined, and approved all the labels
using CranioCatch labelling software (Eskisehir, Turkiye). During
the creation of the dataset for the study, fixed prosthetic restora-
tions on dental panoramic radiographs were labelled using a
polygonal segmentation method as dental implant, pontic,
crown, and implant-supported crown (Figure 1). A total of 8,000
panoramic images were included in the study. Among them,
34,082 crowns were labelled on 7,158 panoramic images, 5,127
implantson 1,543 images, 16,862 ponticson 5,223 images, and

2,703 implant-supported crowns on 954 images. The labelled
images were randomly split into three groups: 80% for training,
10% for validation, and 10% for testing. The labelled panoramic
images constituted the model's training dataset, and leveraging
the knowledge acquired during this learning stage, the model
generated predictionsinthetesting phase.

Figure 1: Fixed prosthetic restorations on panoramic radiographs using
the YOLO-v5x Al implant (A) crown (B) implant-supported crown (C)
pontic(D).

The software was developed using the PyTorch library in the
Python programming language (version 3.6.1; Python Software
Foundation, Wilmington, DE, USA) and employed 2D CNN archi-
tectures with 500 training epochs. YOLO-v5x was utilised for the
training of fixed prosthetic restoration segmentation. The YOLO-
v5x architecture consists of input, backbone, and neck parts. In
the input section, the image is given to the model. In the back-
bone part, features are extracted from the image. In the neck
section, an intermediate layer called neck has been added while
estimating objects and more information is requested here.
YOLO-v5x hyperparameters used in training included; image
size: 1280*640, batch size: 4, learning rate: 0.01, optimiser:
SGD, anchor_t:4.0,epoch_count=500(earlystop145), hyperpa-
rameters usedforaugmentation, mosaic=1.0,scale=0.9, copy-
_paste=0.1,hsv_s=0.7,hsv_v=0.4,andtranslate=0.1.

The training process took place in the Eskisehir Osmangazi
University, Faculty of Dentistry, Dental-Al Laboratory, utilising
the following computer equipment: Dell PowerEdge T640 Calcu-
lation Server, Dell PowerEdge T640 GPU Calculation Server, and
Dell PowerEdge R540 Storage Server (all manufactured by Dell
Inc., Texas, USA). While the training durations vary, each epoch
approximately lasts 4 minutes, leading to an estimated total
duration of 580 minutesfor 145 epochs.

A confusion matrix is a table that is used to evaluate the perfor-
mance of a classification model. The confusion matrix can be
used to calculate various performance metrics such as sensi-
tivity, precision, and F1 score. These metrics can help in evalu-
ating the effectiveness of a classification model and identifying
areasforimprovement.
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Table I: Distribution of the data and training parameters.

Panoramic radiograph

Label numbers for

Panoramic radiograph Label numbers for

numbers for training training numbers for test test
Fixed prosthetic restorations
Dental implant 1,543 5,127 154 427
Pontic 5,223 16,862 521 1,863
Crown 7,158 34,082 715 3,426
Implant-supported crown 954 2,703 95 262

The precision values of YOLO- v5x were 0.99 for crowns, 0.98 for implants, 0.99 for pontics, and 0.99 for implant-supported crowns. The sensitivity scores of the YOLOv5x
were 0.98 for crowns, 0.99 for implants, 0.99 for pontics, and 0.99 for implant-supported crowns. Considering the F1 scores, the Al models were more successful in
determining pontics and implant-supported crowns, with scores of 0.9946 and 0.9942, respectively. Table Il provides a summary of the obtained success values.

Table II: The sensitivity, precision, and F1 score values of the YOLO-v5x.

True positive (TP) False positive  False negative Sensitivity Precision F1 Score
(FP) (FN) (TP / (TP+FN)) (TP /(TP+FP)) (2TP / 2TP+ (FP+FN))
Fixed prosthetic restorations
Dental implant 426 6 1 0.997 0.986 0.991
Pontic 1,860 17 3 0.998 0.990 0.994
Crown 3,363 29 63 0.981 0.991 0.986
Implant-supported crown 261 2 1 0.996 0.992 0.994

Sensitivity true positive rate (TPR) was defined as the model’s
ability to predict the true positives and also known as the true
positive rate (TPR) or recall.

Precision positive predictive value (PPV) was defined as how
many of the samples labelled as positive by the model were
actually positive. F1 Score was calculated as 2TP / (2TP + FP
+ FN).

RESULTS

The YOLO-v5x architecture utilised as the Al model in this
study, demonstrated success in the classification and
detection of fixed prostheses. For the evaluation of fixed
prostheses by using YOLO-v5x architecture, most data were
used for crown restorations (Table I).

The precision values of YOLO- v5x were 0.99 for crowns,
0.98 for implants, 0.99 for pontics, and 0.99 for implant-
supported crowns. The sensitivity scores of the YOLOv5x
were 0.98 for crowns, 0.99 for implants, 0.99 for pontics,
and 0.99 for implant-supported crowns. Considering the F1
scores, the Al models were more successful in determining
pontics and implant-supported crowns, with scores of 0.9946
and 0.9942, respectively. Table Il provides a summary of the
obtained success values.

DISCUSSION

Dental prostheses play a crucial role in enhancing the
function, appearance, health, and comfort of the oral and
maxillofacial structures in patients with missing teeth for
various reasons. Fixed prostheses are commonly employed
for this purpose in dentistry.** Dental radiographs are
essential for both diagnostic and treatment planning. Dentists
often rely on panoramic radiographs as an easy, fast, and
cost-effective method for accurate diagnosis and treatment
planning. However, panoramic radiographs, being two-

dimensional and distorted, with superimpositions of
anatomical structures, can pose challenges in evaluating the
radiographs.”> Despite these disadvantages, panoramic
radiographs are still widely used by dentists worldwide, and
panoramic radiographs have been mentioned in many Al
studies.*®**'® In this study, panoramic radiographs, commonly
used by dentists for diagnostic purposes, were evaluated.

In recent years, Al systems, which have gained considerable
attention, have found applications in diverse fields such as
medicine, engineering, and education. Within dentistry, Al
systems have been employed for various purposes,
including patient data analysis, treatment plans, caries
detection, prosthesis design, digital smile design, and image
interpretation.'” Researchers utilised various Al programmes
to detect and classify dental restorations. Rubiu et al.
studied teeth segmentation by Mask Region-based
Convolutional Neural Network (Mask-RCNN) on 1,000
panoramic radiographs. The model achieved detection
accuracy on the test set 98.4%."® Abdalla-Aslan et al. utilised
an algorithm which was developed in the Matlab®
environment for automatic detection of dental restorations
on the 83 panoramic radiographs. The researchers reported
that the algorithm's detection sensitivity ranged from 83.1
to 100%, with an overall sensitivity of 94.6%.® Bonfanti-Gris
et al. analysed the detection and classification of dental
structures and treatments in 300 panoramic radiographs
using the Denti.Ai® online software. The neural network
showed an overall accuracy of >80%." A recent study
compared the performance of faster regions with the
convolutional neural networks (R-CNN) and YOLO-V4 for tooth
classification in 1,200 panoramic radiographs. The study
results demonstrated that the YOLO-V4 method surpassed
the Faster R-CNN method in terms of tooth prediction
accuracy, detection speed, and the capability to identify both
impacted and erupted third molar.” Ali et al. employed
YOLOv7 to detect teeth and prostheses in 3,138 panoramic
radiographs. They reported excellent performance, and the
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precision of prosthesis was 0.983."* The CNN algorithm
YOLO-v5x architecture is employed in this study,
representing a real-time detection technique with a single-
pass categorisation of targeted objects.”” The YOLO-v5x
architecture exhibited high detection accuracy for fixed
prostheses, with close scores among different types. The
lowest F1 score (0.9865) was observed in crown
restorations. Based on the success rate of the study, the
trained YOLO-v5x model demonstrated an appropriate ability
to detect prosthetic restorations.

In studies focusing on the detection of prosthetic
restorations, Al systems have demonstrated satisfactory
success. Abdalla-Aslan et al. classified dental restorations in
85 panoramic radiographs, achieving 100% accuracy for
crowns and 99.9% for dental implants.® In a study by
Vinayahalingam et al., diagnostic charting was conducted on
2,000 panoramic radiographs, with reported F1 scores of
0.90 for implants and 0.94 for crowns.'® Bonfanti-Gris et al.
conducted a study on dental structure classification using
300 panoramic radiographs. They reported positive
predictive values of 100 for implants and 89.5 for crowns.*°
However, Altan et al., in their evaluation of 5,126 panoramic
radiographs, found precision values of 0.74 for crowns and
0.84 for bridges. The authors suggested that the lower
results in their study could be attributed to larger datasets
and differences in image quality.* In this study, precision
values of YOLO-v5x for crowns, implants, pontics, and
implant-supported crowns were very high (0.99, 0.98, 0.99,
and 0.99, respectively). These results, as previously
mentioned and observed in other studies, support the
success of YOLO-v5x in object detection and demonstrate its
potential applicability in dentistry. Additionally, the large
amount of data used in this study has contributed to the
learnability of the YOLO-v, which may have enhanced the
success of YOLO-v5x.

In considering the errors of the Al system used in this study,
it was observed that the system confused pontics and
implant-supported crowns as crowns. Additionally, in a few
instances, the system misclassified teeth as implants. The
system also encountered challenges in predicting pontics,
which were related to the density of the teeth and pontic
material. Notably, the system failed to estimate implant-
supported crowns in cases where implants were not
detected in the images.

Al systems demonstrate promise in dentistry, achieving high
success rates in detecting dental structures in panoramic
radiographs. Furthermore, it is crucial to note that this
success is directly linked to image quality. Optimal settings
for kVp, mA, and patient positioning significantly impact
both image quality and density. The study by
Vinayahalingam et al. found that root remnants had the
lowest F1 score.'® Additionally, Bonfanti-Gris et al. concluded

that the Al system exhibited lower success rates in detecting
resin-based restorations compared to metallic restorations.*
This lower success rate may be attributed to the fact that Al
systems perform well in regions where two different area
densities are clearly differentiated.?

CONCLUSION

The precision values of YOLOv5x were 0.99 for crowns, 0.98
for implants, 0.99 for pontics, and 0.99 for implant-
supported crowns. The sensitivity scores of the YOLOv5x
were 0.98 for crowns, 0.99 for implants, 0.99 for pontics,
and 0.99 for implant-supported crowns. The results
demonstrated a satisfactory success rate of YOLOv5x in
detecting dental prosthetic restorations. It is inevitable that
Al systems will gradually find their way into clinical use.
Therefore, contributing to the development of Al systems
through further studies with more extensive datasets is
crucial.
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