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Abstract
Artificial intelligence (AI) has the potential to revolutionize healthcare and 
dentistry. Recently, there has been much interest in the development of AI applic-
ations. Dentomaxillofacial radiology (DMFR) is within the scope of these applic-
ations due to its compatibility with image processing methods. Classification and 
segmentation of teeth, automatic marking of anatomical structures and cephalo-
metric analysis, determination of early dental diseases, gingival, periodontal 
diseases and evaluation of risk groups, diagnosis of certain diseases, such as; 
osteoporosis that can be detected in jaw radiographs are among studies conducted 
by using radiological images. Further research in the field of AI will make great 
contributions to DMFR. We aim to discuss most recent AI-based studies in the 
field of DMFR.

Key Words: Artificial intelligence; Diagnostic imaging; Radiology; Dentistry
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Core Tip: Scientists are enthusiastic about conducting artificial intelligence (AI) research 
related to dentomaxillofacial radiology (DMFR). Image and patient recognition are 
important in DMFR, however initial investment costs are still high and misdiagnosis 
may occur in real clinical situations. Up until now, DMFR related AI studies revealed 
successful results to some extent, however human physiological system is so complex 
that AI can be a supplementary method but not a substitution for human knowledge, 
capability and decision-making ability.
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INTRODUCTION
In recent times, technical developments and innovation have become integral parts of clinical dentistry. 
Owing to recent developments in the field of artificial intelligence (AI), significant improvements may 
be expected in dentistry and dentomaxillofacial radiology (DMFR). AI is defined as the way, method, 
tool, and algorithm, that is developed for the intelligent solution of the issues encountered with 
computer application of intelligent thinking. They contain elements which are able to imitate human 
thinking, understanding, comprehension, interpretation and learning characteristics utilized for 
problem solving[1]. Numerous studies have been carried out in order to find solutions that utilize the 
latest technology to solve dental field-related issues. These studies are comprised of a wide range of 
objectives, including the diagnosis of caries; assessment of various pathologies; orthodontic treatment of 
crowded teeth and dental implant placement via robotic surgery[2-5]. In DMFR studies, this technology 
has come to the forefront due to its compatibility with image processing methods. Current topical 
examples of studies conducted on radiological images are: Classification and segmentation of teeth; 
automatic marking of anatomical structures and cephalometric analysis; early detection of dental 
diseases; gingival-periodontal diseases and evaluation of risk groups and the diagnosis of certain 
diseases such as osteoporosis that can be detected in jaw radiographs[6]. In dental radiology there are 
both theoretical and practical application examples of these specific tasks. The output gained from 
artificial learning is expected to reduce the daily workload of physicians as well as the rate of both false 
diagnosis and underdiagnosis in dental practice.

According to the radiological diagnosis tool used, we aim to present the current studies in the field of 
DMFR under two main headings. Current AI studies in the field of DMFR are given in Figure 1. The 
main study topics in DMFR related to AI are given in Table 1.

Some of the current AI studies using panoramic radiography devices
The most widely used radiological diagnostic tool in dentistry is the panoramic radiograph. It provides 
two-dimensional image and related information regarding major mandibular and maxillary jaw bones, 
all existing teeth and surrounding supporting tissues. Two-dimensional imaging of this region, which 
has a complex anatomy, causes superposition of various tissues on each other. Therefore, it is possible 
that panoramic radiographs can be interpreted incorrectly or incompletely in certain cases. Critical 
assessment of dental images is an essential portion of the diagnostic procedure in daily clinical 
scenarios. General evaluation by a specialist is based on tooth detection and numbering[7]. A study 
verified the assumption that a convolutional neural network-CNN-based method could be skilled to 
analyze and score tooth on panoramic images for automated dental charting objectives. The suggested 
method targeted at assisting dentists during their diagnostic procedures. The system’s performance 
level was found to be similar to the specialists’ level, which meant that the radiology specialist could use 
the finding gained from the technique for automated charting when solely assessment and subtle 
adjustments were necessary as an alternative to manual data insertion[7].

Several different studies are published on the automatic detection of odontogenic cysts and tumors[8-
10]. Odontogenic cysts and tumors do not demonstrate their distinctive radiographic features until they 
extend to a significant dimension. The early radiographic findings of odontogenic cysts and tumors are 
so similar that even well trained DMFR experts cannot always accurately conduct their diagnosis. In 
addition, they may not reveal symptoms in advanced levels[11,12]. Because of such characteristics of 
odontogenic cysts and tumors, commonly observed cysts such as dentigerous cysts and odontogenic 
keratocytes may threaten the patient's quality of life if they are large or subsequently cause pathological 
fractures[13,14]. However, You Only Look Once (YOLO)-a state-of-the-art, real-time object detection 
system could not be only responsible for the wrong negative diagnosis in one research, which consisted 
of radiologically indeterminate initial pathologies and maxillary entities that even trained clinicians find 
difficult to accurately diagnose. As noted, some pathologies in the maxilla are hindered by low bone 
density and several related anatomical structures that cross with the superpositions of the panoramic 
image. Odontogenic keratocytes on the maxilla were not detected by both YOLO and two-thirds of 
clinicians, including experts and general practitioners. Surprisingly, however, there were few instances 
where YOLO diagnosed and accurately distinguished pathologies that clinicians could not detect[15]. 
The CNN YOLO detector demonstrated diagnostic effectiveness at least comparable to that of trained 
dentists in assessing odontogenic cysts and tumors[15]. A number of components affecting clinician 
ability need to be assessed in future research. It is possible that implementation of CNNs in oral and 
maxillofacial diagnostic imaging may reveal favorable results for clinicians[15].

Ameloblastomas and keratocystic odontogenic tumors (KCOTs) are among the most commonly 
observed odontogenic tumors of the jaws. Preoperative definitive detection of these lesions may help 
dental surgeons in treatment planning[16,17]. In another study, a CNN was created for the evaluation of 
ameloblastomas and KCOTs[3]. The accuracy of the CNN developed in this study was close to the 
accuracy of dental experts in detecting ameloblastoma and KCOTs. CNN can help reduce the workload 
of oral and maxillofacial surgeons by detecting ameloblastomas and KCOTs in a very short time. More 
research needs to be done in order to clarify and define CNN before it may be widely used in diagnostic 
imaging purposes[3].
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Table 1 Main study topics in dentomaxillofacial radiology related to artificial intelligence

No. Main study topics

1 Localization/measurement of cephalometric landmarks

2 Diagnosis of osteoporosis

3 Classification of the maxillofacial cysts and/or tumors

4 Identification of alveolar bone resorption

5 Classification of periapical lesions

6 Diagnosis of multiple dental diseases

7 Classification of tooth types

8 Detection of dental caries

9 Classification of the stage of the lower third molar

Figure 1 Current artificial intelligence studies in the field of dentomaxillofacial radiology. CBCT: Cone beam computed tomography.

In previous studies, the determination of the relationship with osteoporosis from dental panoramic 
radiographs was investigated by AI algorithms. In one study, 680 patients were simultaneously 
subjected to skeletal bone mineral density (BMD) examinations and digital panoramic radiography 
evaluations, and the results showed that the deep learning-based evaluation of digital panoramic 
radiography images could be useful and reliable in the automated screening of osteoporosis patients
[18]. In another study on this subject, the effectiveness of a deep convolutional neural network (DCNN) 
based computer aided diagnosis (CAD) technique in osteoporosis detection on panoramic imaging was 
evaluated. As a result, the DCNN-based CAD technique was found to demonstrate a high level of 
consistency with dental radiology experts experienced in clinical osteoporosis assessment[19]. The 
authors suggested that a DCNN-based CAD system could provide dentists with information regarding 
initial diagnosis of osteoporosis and patients with asymptomatic osteoporosis may be sent to convenient 
medical referral for further evaluation[18,19].

In a study, a caries detection technique that used deep learning algorithms was proposed for the 
assessment of dental carious lesions[2]. Although the model exhibits high effectiveness in the detection 
of caries for both maxillary premolars and molars, this caries evaluation technique has some drawbacks. 
Since the study was conducted by using two dimensional images, solely interproximal and occlusal 
carious lesions could be detected, however; lingual and buccal carious lesions could not be detected[2].

Some of the current AI studies using cone beam computed tomography devices
Since the beginning of 2000s, cone beam computed tomography (CBCT) as a 3D imaging method has 
become widely used in cases where clinical examination and conventional radiographs were insufficient 
to reveal necessary information[20]. A CNN algorithm was created to detect periapical lesions on CBCT 
images. The system, which identified and enumerated teeth in volumetric data, was succeeded in 
diagnosing periapical lesions with 92.8% accuracy. In another study, automatic mandibular canal 
segmentation was performed on CBCT images with CNN developed[21]. Another area for AI is the 
detection of oral diseases. In a study, researchers aimed to identify and distinguish lichen planus and 
leukoplakia lesions with an artificial neural network trained with intraoral photographs and found 
promising results[22].
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A 2011 study suggested that an AI technique could be useful in the automatical localization of a key 
landmark on CBCT images[23]. The ability to make 3D measurements for cephalometric analysis on 
CBCT images is an important advantage, however; the performance of automatic localization in current 
technique is not sufficient and effective in the clinical scenario[23]. Therefore, known techniques can be 
suggested for using preliminary localization of cephalometric landmarks, but manual correction is still 
required before further cephalometric analysis.

Limitations and future aspects
Future studies that critically assess certain issues and their clinical potential are essential. In spite of the 
promising performance results obtained from current AI techniques, it is mandatory to confirm the 
effectivenes and consistency of these techniques by using appropriate external data from new patients 
or collected from other dental institutions[24]. In its future goals, it can be expected not only to 
strengthen the effectiveness of AI techniques on par with specialists, but also to diagnose initial 
pathologies that are invisible to the human eye.

CONCLUSION
AI has the potential to revolutionize healthcare and dentistry. Owing to recent developments in the field 
of AI, scientists have become increasingly enthusiastic about conducting AI research. Image and patient 
recognition are important in DMFR. However, initial investment costs are currently high, and inappro-
priate assumptions may be made in a real-life clinical scenarios. Hitherto, DMFR-related AI studies 
revealed a certain degree of successful results. However, the human physiological system is exceedingly 
complex. As such, AI is acceptable as a supplementary method, but it cannot be seen a substitution for 
human knowledge, capabilities, and decision-making abilities. Additionally, the diagnostic performance 
of AI models may differ depending on the algorithms that are used. It is essential to validate the 
consistency and effectiveness of these techniques by using accurate representative images from different 
sources before implementing and applying these techniques to real clinical situations. With that said, 
further research in the field of AI has the potential to make great contributions to DMFR.
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