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ABSTRACT 

Background 
Artificial intelligence-assisted virtual surgical planning has demonstrated favorable accuracy and 
reproducibility in orthognathic surgery. However, automated cephalometric landmark identification and AI-
generated surgical planning recommendations remain insufficiently validated in multicenter clinical 
environments. 
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Objective 
This prospective multicenter validation study evaluated the accuracy, reproducibility, and clinical applicability 
of AI-assisted automated cephalometric analysis and surgical planning in patients undergoing bimaxillary 
orthognathic surgery. 

Methods 
Between January 2020 and December 2025, 148 consecutive patients undergoing AI-assisted bimaxillary 
orthognathic surgery at Seeklinik Zurich, Switzerland, and the Munich Center for Oral and Maxillofacial 
Surgery, Germany, were prospectively evaluated. Automated cephalometric landmark detection, AI-generated 
surgical movement recommendations, planning time, and agreement with expert treatment plans were 
analyzed. Inter-center reproducibility and clinical applicability were assessed. 

Results 
AI-assisted cephalometric analysis demonstrated high agreement with expert landmark identification across 
both centers. Mean landmark deviations remained below clinically relevant thresholds. AI-generated surgical 
planning recommendations demonstrated strong concordance with expert-defined treatment plans. Planning 
time was significantly reduced compared with conventional workflows. Comparable results were observed 
between Swiss and German cohorts. 

Conclusion 
AI-assisted automated cephalometric analysis and surgical planning demonstrated favorable accuracy, 
reproducibility, and clinical applicability across independent European maxillofacial surgery centers. These 
findings support integration of AI-based planning systems into future orthognathic surgery workflows. 
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1. INTRODUCTION 

Digital technologies continue to transform contemporary oral and maxillofacial surgery. Artificial intelligence 
(AI), machine learning, and computer-assisted planning systems increasingly support diagnosis, treatment 
planning, surgical simulation, and postoperative outcome prediction across multiple clinical disciplines. 
Previous investigations demonstrated favorable diagnostic performance and workflow optimization through 
AI-assisted systems in maxillofacial trauma, reconstructive surgery, and orthognathic surgery [1–18]. 

In orthognathic surgery, cephalometric analysis remains a fundamental component of treatment planning. 
Conventional cephalometric workflows require manual identification of skeletal and dental landmarks, 
followed by expert interpretation and surgical movement planning. Despite their clinical utility, these 
procedures remain time-consuming and are susceptible to observer-dependent variability. 

Recent advances in deep learning have enabled automated cephalometric landmark detection and AI-assisted 
treatment planning. Initial studies demonstrated promising accuracy levels approaching expert performance. 
Nevertheless, most available investigations remain retrospective, single-center studies with limited external 
validation [19–25]. 

Following successful validation of AI-assisted virtual surgical planning, long-term skeletal stability 
assessment, soft tissue prediction, relapse prediction, and multicenter reproducibility within our previous 
orthognathic surgery investigations [13–18], the next logical step involves evaluation of AI-assisted automated 
treatment planning itself. 



The aim of the present prospective multicenter validation study was therefore to evaluate automated 
cephalometric landmark identification and AI-assisted surgical planning recommendations in patients 
undergoing bimaxillary orthognathic surgery at two independent European maxillofacial surgery centers. 

 

2. MATERIALS AND METHODS 

This prospective multicenter validation study was conducted between January 2020 and December 2025 at 
Seeklinik Zurich, Switzerland, and the Munich Center for Oral and Maxillofacial Surgery, Germany. 

The study was performed in accordance with the Declaration of Helsinki and received ethics approval from 
the institutional review board of Seeklinik Zurich (Approval No. SZ-OMFS-2020-014). Written informed 
consent was obtained from all participants. 

Patients with skeletal Class II or Class III dentofacial deformities requiring bimaxillary orthognathic surgery 
were eligible for inclusion. Inclusion criteria included age ≥18 years, completed orthodontic preparation, 
availability of complete CBCT imaging datasets, and a minimum follow-up period of twelve months. 
Exclusion criteria included syndromic craniofacial deformities, cleft-related deformities, previous 
orthognathic surgery, severe facial trauma, and incomplete imaging records. 

A total of 148 patients fulfilled all eligibility criteria and completed the study protocol. Seventy-four patients 
were treated in Zurich and seventy-four patients in Munich. 

Preoperative imaging included cone-beam computed tomography, intraoral scanning, facial scanning, and 
standardized cephalometric assessment. 

AI-assisted analysis was performed using automated landmark detection algorithms integrated within the 
virtual surgical planning environment. The system automatically identified conventional cephalometric 
landmarks including Sella, Nasion, A-point, B-point, Pogonion, Menton, Gonion, Orbitale, Porion, and dental 
reference points. 

AI-generated surgical planning recommendations included sagittal maxillary advancement or setback, 
mandibular advancement or setback, rotational corrections, vertical adjustments, and genioplasty 
recommendations when indicated. 

Expert orthognathic surgeons independently performed conventional treatment planning without access to AI-
generated recommendations. Agreement between AI-generated plans and expert treatment plans was 
subsequently evaluated. 

Primary outcome measures included cephalometric landmark detection accuracy and agreement between AI-
generated and expert treatment plans. Secondary outcome measures included planning efficiency, inter-center 
reproducibility, and clinical applicability. 

Statistical analysis was performed using SPSS Statistics software (IBM Corp., Armonk, NY, USA). 
Continuous variables were expressed as mean ± standard deviation. Statistical significance was defined as p 
< 0.05. 

 
3. RESULTS 

A total of 148 patients completed the multicenter evaluation protocol. AI-assisted landmark identification 
demonstrated high accuracy across all evaluated cephalometric landmarks. Mean deviations between AI-
generated and expert-defined landmarks remained below clinically relevant thresholds. 



The highest agreement was observed for cranial base landmarks, including Sella and Nasion. Slightly greater 
variability was observed for Gonion and Menton; however, deviations remained clinically acceptable. 

AI-generated surgical movement recommendations demonstrated strong concordance with expert treatment 
plans. Maxillary advancement, mandibular repositioning, vertical correction, and rotational adjustment 
recommendations showed high agreement rates across both centers. 

Planning efficiency analysis demonstrated significant reductions in treatment planning time when AI-assisted 
workflows were utilized. Average planning duration decreased substantially compared with conventional 
planning procedures. 

Inter-center analysis demonstrated comparable performance between Swiss and German cohorts. No 
statistically significant differences were observed regarding landmark accuracy, treatment planning 
recommendations, or workflow efficiency. 

Overall clinical applicability was rated favorably by participating surgeons at both centers. 

 

Figure 1. Prospective multicenter study design illustrating automated cephalometric landmark detection, AI-
assisted treatment planning, expert treatment planning comparison, virtual surgical simulation, and validation 
of automated surgical recommendations in patients undergoing bimaxillary orthognathic surgery at Swiss and 
German maxillofacial surgery centers. 

 
4. DISCUSSION 

The present investigation represents one of the first prospective multicenter validation studies evaluating 
automated AI-assisted cephalometric analysis and surgical planning in orthognathic surgery. 

Previous studies demonstrated favorable performance of AI systems for fracture detection, treatment planning, 
soft tissue prediction, and skeletal outcome prediction [1–18]. However, clinical implementation of AI-
generated treatment planning recommendations requires reliable automated cephalometric analysis. 

The findings of this study demonstrated high concordance between AI-generated and expert-defined 
landmarks. Automated landmark detection achieved clinically acceptable accuracy levels across both 
participating centers. 

Furthermore, AI-generated treatment plans demonstrated strong agreement with experienced orthognathic 
surgeons. These findings suggest that AI systems may serve as effective decision-support tools during 
preoperative planning. 



The significant reduction in planning time observed in the present study highlights an additional practical 
advantage of AI-assisted workflows. As surgical planning becomes increasingly complex, automated systems 
may improve workflow efficiency while maintaining planning quality. 

External validation across two independent institutions further supports the reproducibility and 
generalizability of AI-assisted planning systems. 

The principal limitation of this investigation is the inclusion of only two participating centers. Future 
multinational studies involving larger and more diverse patient populations remain necessary. 

Future research should focus on fully automated surgical simulation systems, digital twin models, personalized 
treatment prediction, and integration of AI-assisted planning into routine orthognathic surgery workflows. 

 

5. CONCLUSION 
AI-assisted automated cephalometric analysis and surgical planning demonstrated favorable accuracy, 
reproducibility, and clinical applicability across independent Swiss and German maxillofacial surgery centers. 
Automated treatment planning achieved high agreement with expert surgical planning while significantly 
improving workflow efficiency. These findings support future integration of AI-assisted planning systems into 
contemporary orthognathic surgery practice. 
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