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Abstract:- Objective: To provide a comprehensive 

overview of current applications and future prospects of 

artificial intelligence (AI) in oral and maxillofacial 

surgery (OMFS), while critically analyzing 

implementation challenges and exploring potential 

advancements. 

 

 Methods 

A systematic literature review was conducted using 

PubMed/MEDLINE and Embase databases, 

encompassing English-language articles up to December 

30, 2023. Search terms combined OMFS and AI 

concepts, with database-specific syntax employed. 

 

 Results 

AI applications in OMFS span multiple domains, 

including image analysis, surgical planning, 

intraoperative guidance, and clinical decision support. 

Deep learning models have demonstrated high accuracy 

in detecting mandibular fractures, performing 

cephalometric analyses, and classifying maxillofacial 

pathologies. AI-enhanced surgical planning and robotic 

systems show promise in improving precision and 

outcomes across various OMFS procedures. However, 

challenges persist in data quality, clinical validation, and 

seamless workflow integration. 

 

 Conclusions 

AI technologies have the potential to significantly 

enhance diagnostic accuracy, surgical precision, and 

treatment outcomes in OMFS. Future research 

directions include developing multimodal AI systems, 

advancing AI-powered surgical navigation, and 

exploring federated learning approaches.  

 

Successful implementation of AI in OMFS practice 

will require collaborative efforts among clinicians, 

researchers, engineers, and policymakers to address 

technical, ethical, and regulatory challenges. As these 

hurdles are overcome, AI is poised to become an integral 

part of OMFS, augmenting surgical capabilities and 

elevating patient care standards. 
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I. INTRODUCTION 

 
The field of oral and maxillofacial surgery (OMFS) has 

witnessed a paradigm shift with the introduction of artificial 

intelligence (AI). This transformative technology comprises 

of machine learning algorithms and deep neural networks 

and has demonstrated remarkable potential in 

revolutionizing various aspects of Oral and maxillofacial 

surgery (OMFS), from diagnosis and treatment planning to 

surgical execution and post-operative care. AI's ability to 

process vast amounts of data, recognize complex patterns, 

and make rapid, accurate decisions has made it a powerful 

tool in the hands of oral and maxillofacial surgeons. 

 
This narrative review aims to provide a comprehensive 

overview of the current applications and future applications 

of AI in OMFS, diving into the key developments across 

different domains of OMFS along with critically analyse the 

challenges facing its clinical implementation and explore the 

exciting possibilities that lie ahead in this rapidly evolving 

field. 
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II. METHODOLOGY 

 

The authors conducted a systematic literature search 

was performed in PubMed/MEDLINE and Embase 

databases for English-language articles up to December 30, 

2023. Search terms combined oral and maxillofacial surgery 

with artificial intelligence concepts. Database-specific 

syntax was used, and reference lists were scrutinized for 
additional relevant sources. 

 

III. IMAGE ANALYSIS AND DIAGNOSIS 

 

One of the most prominent and well-developed areas 

of AI application in OMFS is the automated analysis of 

radiographic images. Deep learning models, particularly 

convolutional neural networks (CNNs), have demonstrated 

impressive capabilities in detecting and classifying various 

pathologies and anatomical structures on different imaging 

modalities. Recent research integrates deep learning into 
low-dose CT imaging to reduce patient radiation exposure 

while preserving image quality. Ongoing experiments 

explore deep learning and machine learning for denoising, 

aiming to optimize low-dose CT applications[1]. 

 

A. Mandibular Fracture Detection 

The detection of mandibular fractures on panoramic 

radiographs and CT scans has been a focal point of AI 

research in OMFS. Vinayahalingam et al. [2] developed a 

sophisticated CNN-based system for identifying mandibular 

fractures on panoramic radiographs. Their model, which 

utilized a Swin-Transformer as the backbone of a Faster R-
CNN architecture, achieved remarkable results with a 

sensitivity of 95% and precision of 98%. This level of 

performance rivals or even surpasses that of experienced 

clinicians, highlighting the potential of AI to serve as a 

valuable diagnostic aid in trauma cases. 

 

Further advancing this field, Wang et al. [3] created a 

deep learning model capable of not only detecting but also 

classifying mandibular fractures into nine distinct 

subregions on CT scans. Their system, which combined U-

Net for segmentation and ResNet for classification, achieved 
accuracies exceeding 90% across all subregions. This 

granular level of classification could significantly enhance 

pre-operative planning and guide surgical approaches in 

complex mandibular trauma cases. 

 

B. Cephalometric Analysis 

AI has made significant inroads in the domain of 

cephalometric analysis, a crucial component of orthodontic 

and orthognathic surgical planning. Traditionally a time-

consuming and potentially error-prone task, cephalometric 

landmark identification has been dramatically improved 

through the application of machine learning algorithms. 
 

Wang et al. [4] conducted a benchmark study 

comparing various automated cephalometric landmark 

detection methods. They found that machine learning 

approaches, particularly those utilizing random forests and 

deep learning, could achieve accuracy levels comparable to 

expert human observers while substantially reducing 

analysis time. This has profound implications for improving 

workflow efficiency and standardization in orthodontic and 

surgical planning. 

 

Building on these foundations, Arık et al. [5] 

developed a fully automated cephalometric analysis system 

using deep CNNs. Their approach not only identified 
landmarks but also performed measurements and 

classifications based on these landmarks. The system 

demonstrated high accuracy and reliability, with the 

potential to significantly streamline the cephalometric 

analysis process in clinical practice. 

 

C. Pathology Detection and Classification 

Beyond fracture detection and landmark identification, 

AI systems are being developed to assist in the diagnosis of 

a wide range of maxillofacial pathologies. Commercial 

software programs utilizing AI algorithms are now available 
to aid clinicians in detecting and classifying various 

conditions on radiographic images. For instance, deep 

learning models have been applied to the detection and 

classification of odontogenic cysts and tumours on 

panoramic radiographs and CT scans. These systems can 

help differentiate between entities such as dentigerous cysts, 

keratocysts, and other such pathologies potentially 

improving diagnostic accuracy and guiding treatment 

decisions along with algorithms are being developed to 

assist in the detection of oral cancer and potentially 

malignant disorders. By analysing clinical images and 

radiographs, these systems aim to identify suspicious lesions 
that may require further investigation, potentially facilitating 

earlier diagnosis and improving patient outcomes [6]. 

 

IV. SURGICAL PLANNING AND SIMULATION 

 

While current standard planning software for OMFS 

procedures typically does not incorporate AI, there is 

significant potential for AI to optimize surgical approaches 

and improve outcome predictions. The integration of AI into 

surgical planning and simulation tools represents an exciting 

frontier in OMFS. 
 

V. ORTHOGNATHIC SURGERY PLANNING 

 

In the realm of orthognathic surgery, AI has the 

potential to enhance preoperative planning in several ways. 

Machine learning algorithms could analyse large datasets of 

pre- and post-operative images to predict soft tissue changes 

following various osteotomy patterns and skeletal 

movements [7]. This could significantly improve the 

accuracy of surgical outcome predictions, allowing for more 

precise treatment planning and better patient 

communication. 
 

Moreover, AI could assist in optimizing surgical plans 

by considering multiple factors simultaneously, such as 

aesthetic outcomes, occlusal relationships, and airway 

changes. By integrating data from various sources (e.g., 3D 

facial scans, CBCT, dental models), AI systems could 
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propose optimal surgical plans that balance these 

sometimes-competing objectives [6, 7]. 

 

VI. TUMOUR RESECTION AND 

RECONSTRUCTION 

 

In maxillofacial tumour cases, AI could play a crucial 

role in surgical planning and simulation. Machine learning 
algorithms could assist in tumour margin delineation, 

helping to ensure complete resection while preserving 

critical structures. Additionally, AI could aid in the design of 

patient-specific reconstructive plans, considering factors 

such as aesthetic outcomes, functional requirements, and the 

availability of donor tissues [6]. In case of a study done by 

Santer et al. reported AI's promising capability in identifying 

suspicious lymph nodes in advanced head and neck 

squamous cell carcinoma cases, achieving 86% mean 

accuracy in lymph node detection[8].Virtual surgical 

planning software enhanced with AI capabilities could 
simulate various reconstructive options, predicting outcomes 

and potential complications. This would allow surgeons to 

explore and compare different approaches virtually before 

entering the operating room, potentially leading to improved 

surgical outcomes and reduced operative times. 

 

VII. DENTAL IMPLANT PLANNING 

 

In the field of dental implantology, AI is being 

leveraged to optimize implant placement and predict 

treatment outcomes. AI algorithms can analyse CBCT scans 

to automatically identify optimal implant positions, 
considering factors such as bone density, proximity to vital 

structures, and biomechanical loading [9]. These systems 

can also simulate the effects of different implant designs and 

placement strategies on long-term success rates, guiding 

clinicians in their treatment planning decisions and could 

predict the success of osteointegration procedures and dental 

implants, as well as optimize the design of dental implants 

prior to surgery[10,11]. 

 

VIII. INTRAOPERATIVE GUIDANCE AND 

ROBOTICS 
 

The integration of AI with computer-assisted and 

robotic surgical systems is pushing the boundaries of 

precision and safety in OMFS procedures. These AI-

enhanced systems are demonstrating improved accuracy in 

various interventions, from routine dental procedures to 

complex maxillofacial reconstructions. 

 

A. Robotic Surgery 

AI-aided robotic systems have shown promising results 

in improving the accuracy of various OMFS procedures. In 

dental implant surgery, for example, robotic systems guided 
by AI algorithms have demonstrated superior precision in 

implant placement compared to freehand techniques [12]. 

These systems can dynamically adjust to intraoperative 

conditions, optimizing drill trajectories and depth to achieve 

ideal implant positions while avoiding critical anatomical 

structures. 

In more complex procedures such as tumor resections 

and reconstructive surgeries, AI-enhanced robotic systems 

can provide real-time guidance to surgeons. By continuously 

processing intraoperative imaging data and comparing it to 

preoperative plans, these systems can alert surgeons to 

deviations from the planned approach and suggest 

corrections [13]. This has the potential to improve surgical 

outcomes, particularly in cases involving intricate anatomy 
or when working in close proximity to vital structures. 

 

B. Intraoperative Decision Support 

AI algorithms are being developed to provide real-time 

decision support during surgery. For instance, machine 

learning models can be trained to automatically detect and 

highlight critical structures such as nerves and blood vessels 

in the surgical field, alerting surgeons to potential risks [13]. 

This could be particularly valuable in complex cases or for 

less experienced surgeons, potentially reducing complication 

rates. 
 

Furthermore, AI systems could predict and warn of 

impending complications during surgery. By analyzing real-

time physiological data, surgical instrument movements, and 

other intraoperative parameters, these systems could alert 

surgeons to risks such as excessive bleeding or nerve 

damage before they occur, allowing for preventive measures 

to be taken [6]. 

 

C. Augmented Reality Integration 

The combination of AI with augmented reality (AR) 

technologies holds great promise for enhancing 
intraoperative guidance in OMFS. AI algorithms can process 

real-time imaging data and overlay critical information onto 

the surgeon's field of view through AR displays. This could 

include highlighting the positions of important anatomical 

structures, displaying navigational cues for osteotomy lines 

or implant placement, or providing real-time feedback on 

the progress of the procedure compared to the preoperative 

plan [6,7]. 

 

D. Clinical Decision Support 

Beyond imaging and surgical applications, AI systems 
are increasingly being developed to support clinical 

decision-making in OMFS. By analyzing large datasets of 

patient information, treatment approaches, and outcomes, 

machine learning models can assist in treatment planning, 

risk assessment, and outcome prediction. 

 

IX. TREATMENT PLANNING AND OUTCOME 

PREDICTION 

 

AI algorithms trained on comprehensive clinical 

datasets can aid in developing personalized treatment plans 

for OMFS patients. These systems can consider multiple 
factors simultaneously, such as patient demographics, 

medical history, imaging findings, and genetic markers, to 

predict treatment outcomes and recommend optimal 

approaches [7,9] as seen in orthognathic surgery, AI models 

could analyse preoperative data to predict the likelihood of 

achieving specific aesthetic and functional outcomes with 
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different surgical approaches. Similarly, in oncologic cases, 

AI could assist in deciding between surgical options by 

predicting factors such as margin status, functional 

preservation, and long-term survival rates [8]. 

 

X. RISK ASSESSMENT AND COMPLICATION 

PREVENTION 

 
AI-powered risk assessment tools are being developed 

to identify patients at higher risk of complications or poor 

outcomes. By analyzing preoperative data, these systems 

can flag high-risk cases, allowing for more intensive 

preoperative optimization or modification of surgical plans 

[6,13]. 

 

In the postoperative phase, AI algorithms could 

monitor patient data to predict and prevent complications. 

For instance, machine learning models could analyse 

postoperative imaging, wound characteristics, and 
physiological parameters to identify early signs of infection, 

dehiscence, or other complications, enabling prompt 

intervention. 

 

XI. CHALLENGES AND FUTURE DIRECTIONS 

 

While AI shows tremendous promise in OMFS, several 

significant challenges must be addressed for widespread 

clinical implementation. These challenges span technical, 

clinical, ethical, and regulatory domains. 

 

XII. DATA QUALITY AND AVAILABILITY 
 

The performance of AI systems is heavily dependent 

on the quality and quantity of data used for training. In 

OMFS, obtaining large, diverse, and high-quality datasets 

can be challenging due to the relative rarity of certain 

conditions and procedures. Additionally, issues such as data 

heterogeneity across different institutions and imaging 

systems can complicate the development of robust AI 

models [6,14]. 

 

To address this, there is a need for standardized data 
collection protocols and collaborative data sharing initiatives 

within the OMFS community. The creation of large, multi-

institutional databases with well-annotated imaging and 

clinical data would greatly facilitate the development and 

validation of AI systems. 

 

XIII. VALIDATION AND REGULATORY APPROVAL 

 

Before AI systems can be widely adopted in clinical 

practice, they must undergo rigorous validation to 

demonstrate safety and efficacy and requires well-designed 

clinical studies comparing AI performance to current gold 
standards across diverse patient populations. The regulatory 

landscape for AI in healthcare is still evolving, with agencies 

like the FDA developing frameworks to evaluate and 

approve AI-based medical devices. The unique challenges 

posed by AI, such as the potential for algorithms to change 

over time with continued learning, necessitate novel 

approaches to regulation and ongoing monitoring [6]. 

 

XIV. CLINICAL INTEGRATION AND 

WORKFLOW ADAPTATION 

 

For AI to be successfully adopted in OMFS practice, it 

must be seamlessly integrated into existing clinical 
workflows. This requires not only technical integration with 

current hospital information systems and imaging platforms 

but also adaptation of clinical processes to effectively 

leverage AI capabilities. 

 

There is also a need for education and training 

programs to ensure that clinicians can effectively use and 

interpret AI-assisted systems. This includes understanding 

the strengths and limitations of AI algorithms and knowing 

when to rely on or override AI recommendations [14]. 

 

XV. INTERPRETABILITY AND TRUST 

 

The "black box" nature of many deep learning 

algorithms can limit clinical trust and adoption. Clinicians 

may be hesitant to rely on AI systems if they cannot 

understand the reasoning behind their predictions or 

recommendations [6]. 

 

Developing more interpretable AI models is an active 

area of research. Approaches such as attention mechanisms 

and feature visualization techniques aim to provide insights 

into the decision-making processes of AI algorithms. 
Additionally, the development of "explainable AI" systems 

that can provide clear rationales for their outputs is crucial 

for building trust and facilitating clinical adoption. 

 

XVI. ETHICAL AND LEGAL CONSIDERATIONS 

 

The use of AI in healthcare raises important ethical and 

legal questions that need to be carefully addressed. Issues 

such as data privacy, informed consent, and the potential for 

algorithmic bias must be thoroughly considered and 

mitigated along with complex questions surrounding 
medical liability in cases where AI systems are involved in 

clinical decision-making. Clear guidelines and legal 

frameworks need to be established to delineate 

responsibilities and ensure patient safety [14]. 

 

XVII. FUTURE RESEARCH DIRECTIONS 

 

As the field of AI in OMFS continues to evolve, 

several exciting avenues for future research and 

development emerge: 

 

A. Multimodal AI systems 
Developing AI models that can integrate data from 

multiple sources (e.g., radiographic imaging, clinical 

photographs, genetic data, and electronic health records) to 

provide more comprehensive and accurate diagnoses and 

treatment recommendations. 
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B. AI-Powered Surgical Navigation and Augmented Reality 

Advancing the integration of AI with intraoperative 

navigation and augmented reality systems to provide real-

time, context-aware guidance during surgery. 

 

C. Automated Post-Operative Monitoring 

Developing AI systems that can continuously analyze 

post-operative data (e.g., from wearable devices or 
smartphone apps) to detect early signs of complications and 

guide patient recovery. 

 

D. Natural Language Processing for Clinical 

Documentation 

Creating AI tools that can automatically generate and 

analyze clinical notes, potentially reducing administrative 

burden and extracting valuable insights from unstructured 

clinical data. 

 

E. AI for Personalized Treatment Planning 
Advancing the use of AI to develop highly 

personalized treatment plans that consider individual patient 

factors, preferences, and predicted outcomes. 

 

F. Federated Learning Approaches 

Exploring techniques that allow AI models to be 

trained on decentralized data, addressing privacy concerns 

and enabling collaborative learning across institutions 

without sharing raw patient data. 

 

XVIII. CONCLUSION 

 
Artificial intelligence is poised to significantly impact 

the field of oral and maxillofacial surgery, with applications 

spanning the entire spectrum of patient care from diagnosis 

and treatment planning to surgical execution and 

postoperative management. The integration of AI 

technologies has the potential to enhance diagnostic 

accuracy, improve surgical precision, optimize treatment 

outcomes, and ultimately elevate the standard of care in 

OMFS. 

 

While significant challenges remain, including issues 
of data quality, clinical validation, workflow integration, and 

ethical considerations, the rapid pace of technological 

advancement and growing interest from the OMFS 

community suggest a bright future for AI in this field. As 

research continues and these challenges are addressed, we 

can anticipate AI becoming an increasingly integral part of 

OMFS practice, augmenting the capabilities of surgeons and 

improving patient care. 

 

The successful implementation of AI in OMFS will 

require a collaborative effort between clinicians, researchers, 

engineers, and policymakers. By working together to 
develop, validate, and responsibly implement AI 

technologies, the OMFS community can harness the power 

of artificial intelligence to drive innovation and improve 

outcomes for patients worldwide. 
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