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Abstract  

 

 Artificial intelligence (AI) transforms orthodontics by improving diagnostic accuracy, 

treatment planning, and patient monitoring. AI-based cephalometric analysis achieves 88–

92% reliability, reducing human error and time consumption. In radiology, AI accounts for 

85% of FDA-approved medical imaging programs, with diagnostic tools like Diagnocat 

reaching 92.8% precision in periapical lesion detection on CBCT. Caries and radiolucency 

detection AI systems report 68% to 99.2% accuracy. For skeletal age determination, AI’s 

accuracy exceeds 90% for wrist radiographs, while cervical vertebral maturation (CVM) 

analysis shows variability (58–90%). AI-driven TMJ evaluation achieves sensitivity and 

specificity rates of 84–99.9%, enhancing osteoarthritis diagnosis. For extraction decisions, AI 

agrees with specialists over 80% of the time, with models reaching 93% accuracy in 

distinguishing extraction cases and 94% in predicting treatment needs. AI requires human 

oversight due to dataset limitations, algorithm unpredictability, and ethical concerns. Future 

developments should refine AI algorithms and improve dataset diversity to enhance clinical 

integration. 
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Introduction 

 

The emergence of artificial intelligence (AI) in medicine has transformed various 

medical specialties, including orthodontics. AI has shown promising results in improving 

diagnostic accuracy, planning, and predicting treatment outcomes. With the availability of 

various AI applications and tools, its use in orthodontic practices worldwide has increased. 

This presentation explores the principles of AI, its applications in orthodontics, and its 

implementation in clinical practice, focusing on AI’s role in dental diagnosis, cephalometric 

evaluation, skeletal age determination, temporomandibular joint (TMJ) assessment, decision-

making, and patient telemonitoring. AI has demonstrated high efficiency in all these areas, yet 

performance variations and the need for human oversight call for caution in clinical settings. 

The complexity and unpredictability of AI algorithms require careful implementation and 

regular manual validation. Continuous learning with AI, proper guidance, and addressing 
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privacy and ethical concerns are crucial for its successful integration into orthodontic practice. 

Artificial intelligence (AI), a term first introduced in 1955 by John McCarthy, describes the 

ability of machines to perform tasks classified as intelligent [1].  

Over the past 70 years, there have been cycles of significant optimism regarding AI 

development, alternating with periods of setbacks, research funding cuts, and skepticism [2]. 

The 2015 victory of AlphaGo, an application developed by Google, over the world 

champion in Go was a significant breakthrough [2]. This AI success against a human player 

sparked further development and interest, later reignited by ChatGPT's introduction in 2022. 

These events paved the way for the remarkable rise of AI applications across various fields, 

including everyday life and medicine. 

AI algorithms have already proven effective in several medical specialties, surpassing 

the capabilities of experienced clinicians [3–7]. These algorithms enable analysis, 

organization, visualization, and classification of data. In recent years, the development of AI 

algorithms in medicine has gained momentum, particularly in radiology, where medical 

imaging accounts for approximately 85% of AI programs approved by the FDA (Food and 

Drug Administration) as of 2023.  

Currently, AI’s primary goals in diagnostic imaging are the detection, and 

segmentation of structures, and the classification of pathologies. AI tools can analyze images 

obtained through various imaging modalities, from X-rays to MRIs. 

In diagnostic imaging, AI can be categorized into three main areas: 

✓ Operational AI, which enhances healthcare delivery. 

✓ Diagnostic AI, which aids in the interpretation of clinical images. 

✓ Predictive AI, which forecasts future outcomes. 

Orthodontics, with cephalometric analysis and pre-treatment imaging, are particularly 

well-suited for AI implementation. AI is also used in orthodontics beyond cephalometric 

analysis. The literature on AI in orthodontics can be categorized into five main areas: 

 
Table 1. Main regions of A.I. in orthodontics 

 

Category Description 

Diagnosis and treatment planning AI assists in diagnosing orthodontic 

conditions and developing personalized 

treatment plans. 

Automatic landmark detection and 

cephalometric analysis 

AI automates the identification of 

cephalometric landmarks, improving accuracy 

and efficiency in orthodontic assessments. 

Growth and development assessment AI helps evaluate skeletal growth and predict 

developmental changes for better treatment 

timing. 

Treatment outcome evaluation AI analyzes treatment progress and predicts 

outcomes to enhance decision-making. 

Miscellaneous applications Various other AI applications, including 

patient telemonitoring, TMJ assessment, and 

ethical considerations. 
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The number of AI companies in the healthcare industry has seen remarkable growth, 

indicating a significant increase in AI’s commercial prospects [9]. AI tools are no longer limited 

to researchers and scientists involved in R&D projects. They are now accessible through 

commercially available web-based products. In orthodontics, AI adoption has led to the creation 

of various AI-based programs, such as WeDoCeph (Audax, Ljubljana, Slovenia), WebCeph 

(Assemble Circle, Seoul, South Korea), and CephX (ORCA Dental AI, Las Vegas, NV, USA). 

These systems can automatically identify cephalometric landmarks, calculate angles and 

distances, and generate cephalometric reports with significant findings. AI programs are now 

easily accessible on mobile devices, making AI tools widely available and promoting equal 

access for all interested users. As a result, orthodontic practices and researchers using AI 

applications have increased significantly. This accessibility has also raised concerns about 

patient safety, especially when AI is used for diagnosis and treatment. 

  

Diagnosis 

 

The emergence of artificial intelligence (AI) in medicine has transformed various 

medical specialties, including orthodontics. AI has shown promising results in improving 

diagnostic accuracy, planning, and predicting treatment outcomes. Its use in orthodontic 

practices worldwide has increased with the availability of various AI applications and tools 

[8]. 

This presentation explores the principles of AI, its applications in orthodontics, and its 

advantages.  

Medical imaging plays a crucial role in diagnosing dental pathologies. Radiological 

methods such as OPG and CBCT are essential for orthodontic evaluation, but the increasing 

imaging needs AI-based diagnostic support. 

Diagnocat Ltd. (San Francisco, USA) has developed an AI-driven diagnostic system 

for tooth segmentation, pathology detection, and volumetric assessment. Studies confirm its 

high accuracy, with Orhan et al. reporting 92.8% precision in periapical lesion detection on 

CBCT. However, some studies question AI's effectiveness in OPG evaluations. 

Ezhov (2021) compared diagnostic accuracy in CBCT analysis between AI-assisted 

and non-assisted groups. AI significantly improved sensitivity (0.8537 vs. 0.7672) and 

specificity (0.9672 vs. 0.9616). Meta-analyses suggest multimodal AI systems can enhance 

diagnostic workflows, particularly in caries and radiolucency detection, where accuracy varies 

from 68% to 99.2% [9]. 

 

Cephalometric analysis  

 

Cephalometric analysis (CA), used in orthodontics since 1931, has evolved from 

manual tracing to digital automation. AI-driven systems enhance efficiency by improving 

landmark identification, reducing human error, and minimizing time consumption. Studies 

since 1998 confirm AI’s reliability of 88% - 92% [10]. 

CBCT-based CA, initially impractical due to inefficiency, has gained traction with 

advancements in AI. Artificial neural networks (ANNs) match or exceed human performance 

in landmark identification. However, manual validation remains necessary. A 2023 study 

found an average 2.44 mm deviation between AI-generated and manual 3D landmarks [11]. 
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Skeletal age determination 

 

Growth assessment is vital in orthodontics, as treatment success depends on skeletal 

maturity rather than chronological age. CVM and wrist radiographs are commonly used for 

evaluation, with AI proving effective in skeletal age prediction. Despite accuracy rates 

exceeding 90% for wrist X-rays, AI's performance in CVM analysis remains inconsistent, 

with agreement rates ranging from 58% to over 90% [12]. 

Studies highlight potential errors due to limited expert input in establishing diagnostic 

standards. A recent systematic review found model accuracy between 50% and 90%, 

emphasizing the need for more robust datasets. AI’s role in skeletal maturity assessment is 

promising but still developing. Skeletal age assessment is crucial in orthodontics for tailoring 

treatment plans to an individual's developmental stage. Several methods are employed to 

estimate skeletal maturity. 

 

 

 
Fig 2. Skeletal age determination methods 

 

CBCT-based CA, initially impractical due to inefficiency, has gained traction with 

advancements in AI. Artificial neural networks (ANNs) match or exceed human performance 

in landmark identification. However, manual validation remains necessary. A 2023 study 

found an average 2.44 mm deviation between AI-generated and manual 3D landmarks [13]. 

Chronological Age Estimation uses a person's actual age to infer developmental status. 

However, due to individual variations in growth, chronological age may not accurately reflect 

skeletal maturity. Studies have shown discrepancies between chronological age and skeletal 

development, suggesting more precise assessment tools.  

Cervical Vertebral Maturation (CVM) Analysis evaluates the maturation stages of 

cervical vertebrae using lateral cephalometric radiographs, which are commonly taken in 

orthodontic assessments. This method offers the advantage of not requiring additional 

radiation exposure. Research indicates that CVM analysis is a reliable indicator of skeletal 

maturity, correlating well with other methods like hand-wrist radiographs [14].  
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Assessing skeletal age through hand-wrist radiographs involves comparing the 

ossification of hand and wrist bones to standard growth charts, such as the Greulich and Pyle 

atlas. This technique has been a traditional standard in evaluating skeletal development. 

Studies have demonstrated its validity, though it requires additional radiographic exposure 

[15].  

Artificial intelligence has been integrated into CVM analysis to enhance accuracy and 

efficiency. AI algorithms can automatically identify and assess cervical vertebral stages from 

cephalometric images, reducing observer variability. Recent studies have shown that AI-

assisted CVM analysis provides results comparable to human examiners, offering a promising 

tool for clinical practice [16].  

Similarly, AI applications in analyzing wrist radiographs aim to automate the 

assessment of skeletal maturity. These systems utilize machine learning to evaluate bone 

development stages accurately. While AI-based wrist analysis shows potential, further 

research is needed to validate its effectiveness across diverse populations [17].  

In summary, while traditional methods like CVM and wrist radiograph analyses are 

well-established, the incorporation of AI offers advancements in precision and efficiency for 

skeletal age determination in orthodontics. 

 

TMJ Evaluation 

 

Temporomandibular joint osteoarthritis (TMJOA) affects joint function, causing pain, 

malocclusion, and asymmetry. OPG/CBCT imaging detects bone changes, while MRI 

assesses soft tissues. AI has demonstrated high diagnostic accuracy in TMJOA detection, 

staging, and masticatory muscle disorders, with reported sensitivity and specificity between 

84% and 99.9%. 

AI-driven TMJ analysis could enhance early diagnosis and personalized osteoarthritis 

treatment, offering an efficient alternative to traditional imaging methods. 

 

Determining the need for extraction 

 

Deciding whether to proceed with tooth extractions in orthodontic treatment is a 

complex process influenced by multiple factors. These include the nature of the dental issue, 

patient expectations, cultural perspectives, and the orthodontist’s clinical approach. 

Experience, education, and treatment philosophy also play significant roles, making extraction 

decisions challenging even for seasoned professionals. Notably, expert opinions can differ 

considerably, particularly in borderline cases. 

AI-based tools have been developed to assist in this decision-making process, showing 

promising accuracy in mimicking expert judgments. Studies have reported that AI models 

have over 80% agreement with orthodontic specialists.  

One study demonstrated a 93% success rate in distinguishing extraction from non-

extraction cases using 12 cephalometric variables, while another reported 84% accuracy in 

identifying specific extraction patterns. Further research found AI predictions to be 94% 

accurate for extraction decisions, 84.2% for identifying extraction patterns, and 92.8% for 

anchorage needs [12]. Factors in predicting treatment success included dental crowding, 

incisor inclination, overbite, overjet, and lip competence. 
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However, these AI-driven models have limitations. Since they are trained in expert 

decisions, they may reflect specific clinical philosophies rather than universally validated 

approaches. Additionally, crucial dental factors—such as extensive restorations, periodontal 

health, periapical lesions, and missing teeth—are often overlooked. Given these constraints, it 

remains difficult to fully rely on AI for extraction decisions, particularly in borderline cases. 

While AI tools provide valuable support, orthodontists must carefully assess each case. 

Over-reliance on automated decision-making may lead to treatment plans that align more with 

a particular clinical philosophy rather than individualized patient needs. A balanced approach, 

integrating AI insights with professional expertise, ensures the best outcomes for orthodontic 

patients. 

 

Conclusions 

 

Artificial intelligence (AI) in orthodontics has brought significant advancements in 

diagnostic accuracy, treatment planning, and patient monitoring. AI has proven effective in 

automating cephalometric analysis, assisting in skeletal age determination, evaluating 

temporomandibular joint (TMJ) disorders, and supporting clinical decision-making. These 

applications reduce human error and provide a more standardized approach to orthodontic 

assessments. 

AI-based cephalometric analysis has demonstrated reliability comparable to clinicians, 

reducing time consumption while maintaining diagnostic accuracy. Similarly, AI’s role in 

skeletal age assessment, particularly through cervical vertebral maturation (CVM) analysis 

and wrist radiographs, presents a promising alternative to traditional methods.  

The use of AI in TMJ evaluation has shown high sensitivity and specificity in detecting 

osteoarthritic changes and soft tissue disorders, suggesting its viability as an adjunct 

diagnostic tool. Moreover, AI-driven decision-making in treatment planning, particularly in 

extraction assessments, has achieved high accuracy in the need for extractions and anchorage 

considerations. However, AI models are inherently limited by their dependence on training 

datasets, which may reflect specific clinical philosophies rather than universally applicable 

guidelines. 

Despite these advances, AI remains a complementary tool rather than a replacement for 

clinical expertise. The unpredictability of AI algorithms, the need for manual validation, 

concerns regarding patient data privacy, and ethical considerations must be carefully 

addressed. AI-driven orthodontics requires continuous human oversight to ensure that 

diagnostic and treatment recommendations align with individual patient needs. 

Future developments should focus on refining AI algorithms, increasing dataset 

diversity, and integrating AI seamlessly into clinical workflows. As AI evolves, a balanced 

approach—leveraging AI’s efficiency while maintaining the orthodontist’s critical 

judgment—will be essential in optimizing patient outcomes and advancing orthodontic care. 
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