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ABSTRACT 
Background: 
Artificial intelligence (AI) has shown high diagnostic accuracy in the detection of maxillofacial fractures. 
However, its potential role in surgical planning and operative decision-making in midfacial trauma remains 
largely unexplored. 

Objective: 
This study aimed to evaluate the feasibility and clinical acceptability of an AI-assisted surgical planning 
system for midfacial fractures by comparing AI-generated recommendations with expert surgeon assessments. 

Methods: 
In this retrospective feasibility and expert validation study, CBCT datasets of 108 patients with midfacial 
fractures were analyzed. An AI-based system generated structured surgical planning recommendations, 
including fracture classification, operative indication, surgical access, and osteosynthesis strategy. AI outputs 
were independently evaluated by a panel of five experienced oral and maxillofacial surgeons. Agreement 



between AI recommendations and expert assessments was analyzed using percentage agreement and 
interobserver statistics. 

Results: 
AI-assisted surgical planning demonstrated high overall agreement with expert recommendations. Operative 
versus conservative treatment decisions showed an agreement rate of 93.5%. Surgical access 
recommendations were rated as clinically acceptable in 89.8% of cases, while osteosynthesis strategy 
agreement reached 87.0%. Complete concordance between AI planning and expert consensus was observed 
in 78.7% of cases. Discrepancies were primarily related to borderline fracture patterns and surgeon-specific 
preferences. 

Conclusion: 
AI-assisted surgical planning for midfacial fractures is feasible and demonstrates high clinical acceptability 
when compared with expert surgeon decision-making. These findings support the potential role of AI as a 
decision-support tool in operative planning for maxillofacial trauma and provide a foundation for prospective 
validation studies. 
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1. INTRODUCTION 
Midfacial fractures represent a complex spectrum of injuries requiring accurate diagnosis and carefully 
tailored surgical management to restore function and aesthetics [1–3]. Decision-making in midfacial trauma 
encompasses fracture classification, determination of operative indication, selection of surgical access, and 
planning of osteosynthesis strategy [4–6]. These decisions are influenced by fracture complexity, patient-
specific factors, and surgeon experience, resulting in notable interobserver variability [7,8]. 

Cone beam computed tomography (CBCT) has become a widely accepted imaging modality in maxillofacial 
trauma, offering high spatial resolution with reduced radiation exposure compared to multidetector CT [9–
11]. While CBCT provides excellent anatomical detail, interpretation and translation of imaging findings into 
operative plans remain cognitively demanding, particularly in complex fracture patterns [12]. 

Artificial intelligence, particularly deep learning–based image analysis, has demonstrated promising results in 
fracture detection and classification within maxillofacial imaging [13–17]. Recent studies have shown that AI 
can improve diagnostic accuracy, reduce time-to-diagnosis, and support clinical decision-making in 
emergency settings [18–20]. However, most existing research focuses on diagnostic performance, with limited 
attention to the operative planning phase. 

Surgical planning represents a critical and underexplored domain for AI integration in oral and maxillofacial 
surgery. Unlike diagnostic tasks, operative planning requires synthesis of anatomical information, 
biomechanical considerations, and procedural knowledge [21,22]. Demonstrating that AI-generated surgical 
recommendations align with expert surgeon judgment is a prerequisite for clinical adoption. 

The present study therefore aimed to evaluate the feasibility and expert-level acceptability of an AI-assisted 
surgical planning system for midfacial fractures. By comparing AI-generated recommendations with 
assessments from experienced maxillofacial surgeons, this study seeks to establish whether AI can 
meaningfully support operative decision-making in midfacial trauma.  

	

 



 

 
Study Design and Data Selection 

This retrospective feasibility and expert validation study was conducted using anonymized CBCT datasets 
from patients treated for midfacial fractures at a tertiary referral center for oral and maxillofacial surgery. The 
study was approved by the institutional ethics committee and conducted in accordance with the Declaration 
of Helsinki. 

A total of 108 consecutive adult patients (≥18 years) with confirmed midfacial fractures were included. 
Fracture types comprised zygomaticomaxillary complex fractures, orbital fractures, and Le Fort I–II fractures. 
Cases with insufficient image quality, extensive prior hardware, or incomplete clinical documentation were 
excluded. 

AI-Assisted Surgical Planning System 

The AI system analyzed CBCT datasets to perform automated fracture detection and classification. Based on 
predefined decision rules derived from clinical guidelines and expert input, the system generated structured 
surgical planning recommendations including: 

1. Fracture classification 
2. Operative versus conservative treatment indication 
3. Recommended surgical access (e.g., intraoral, transconjunctival, combined approaches) 
4. Suggested osteosynthesis strategy (number and location of fixation points) 

The AI system provided recommendations without access to patient identifiers or clinical outcome data. 

Expert Evaluation 

An expert panel of five board-certified oral and maxillofacial surgeons, each with more than ten years of 
trauma surgery experience, independently evaluated the AI-generated surgical plans. Experts were blinded to 
each other’s assessments and to the original treatment decisions. 

Each recommendation was rated using a five-point Likert scale ranging from “not acceptable” to “fully 
acceptable.” For analysis, ratings of “acceptable” or “fully acceptable” were considered clinically acceptable. 

Outcome Measures 

Primary outcomes included: 

• Agreement between AI and expert recommendations for operative indication 
• Clinical acceptability of surgical access and osteosynthesis recommendations 

Secondary outcomes included: 

• Rate of complete concordance between AI and expert consensus 
• Identification of recurring discrepancy patterns 

Statistical Analysis 

Descriptive statistics were used to summarize agreement rates. Interobserver agreement was assessed using 
Cohen’s kappa statistics. Statistical analyses were performed using standard statistical software, with 
significance defined as p < 0.05 where applicable. 

2. MATERIALS AND METHODS



 

 
3D-rendered CBCT image of a human skull showing midfacial fractures stabilized with titanium osteosynthesis plates. The image 
highlights the zygomaticomaxillary region, orbital floor, and maxilla, demonstrating precise fracture reduction and hardware 
placement without any surrounding soft tissue or annotations- Seeklinik Zurich, Specialized Clinic for Oral, Maxillofacial and 
Plastic Facial Surgery, Zurich, Switzerland. 

	

 
3. RESULTS 
Patient and Fracture Characteristics 

The study cohort included 108 patients (62 males, 46 females; mean age 41.8 ± 13.6 years). Fracture 
distribution included zygomaticomaxillary complex fractures (46.3%), isolated orbital fractures (32.4%), and 
Le Fort I–II fractures (21.3%). 

Operative Indication 

Agreement between AI-generated recommendations and expert assessment regarding operative versus 
conservative management was observed in 101 of 108 cases (93.5%). Disagreements primarily occurred in 
minimally displaced fractures with borderline indications for surgical intervention. 



Surgical Access Planning 

AI-recommended surgical access routes were rated as clinically acceptable in 89.8% of cases. Highest 
agreement was observed for standard approaches in zygomaticomaxillary and orbital fractures. Lower 
agreement occurred in complex fracture patterns requiring combined or staged approaches. 

Osteosynthesis Strategy 

Agreement regarding osteosynthesis strategy reached 87.0%. Experts noted that discrepancies often reflected 
individual surgeon preferences rather than fundamentally incorrect planning. 

Overall Concordance 

Complete concordance between AI-assisted planning and expert consensus across all planning domains was 
achieved in 78.7% of cases. Interobserver agreement among experts was substantial (Cohen’s κ = 0.79), 
indicating a robust expert reference standard. 

	

 
4. DISCUSSION 
This study demonstrates that AI-assisted surgical planning for midfacial fractures is feasible and achieves a 
high level of agreement with expert surgeon decision-making. While prior studies have focused predominantly 
on diagnostic performance [13–17], the present work extends AI application into the operative planning 
domain, representing a critical translational step. 

The high agreement rate for operative indication suggests that AI systems can reliably distinguish between 
fractures requiring surgical intervention and those amenable to conservative management. This finding is 
particularly relevant in emergency and high-volume settings, where rapid and consistent decision-making is 
essential [23,24]. 

Surgical access and osteosynthesis planning showed slightly lower agreement rates, reflecting the inherent 
complexity and variability of operative strategies in midfacial trauma [7,25]. Importantly, many discrepancies 
were attributed to surgeon-specific preferences rather than clinically unacceptable recommendations, 
underscoring the potential role of AI as a supportive rather than prescriptive tool. 

The observed complete concordance rate of nearly 80% is notable given the complexity of operative planning 
tasks. These results align with emerging evidence from other surgical specialties suggesting that AI can 
effectively support procedural planning when guided by expert-defined frameworks [26–28]. 

Limitations of this study include its retrospective design and reliance on expert opinion rather than prospective 
clinical outcomes. Nevertheless, feasibility and expert validation represent essential prerequisites for 
subsequent prospective and outcome-based investigations. 

Future studies should evaluate the integration of AI-assisted planning into real-time clinical workflows and 
assess its impact on operative efficiency, training, and patient outcomes. 

	

 
5. CONCLUSION 
AI-assisted surgical planning for midfacial fractures demonstrates high feasibility and clinical acceptability 
when compared with expert surgeon decision-making. These findings support the role of AI as a valuable 



decision-support tool in operative planning for maxillofacial trauma and provide a foundation for future 
prospective validation and clinical implementation studies. 
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