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ABSTRACT 

Background 
Artificial intelligence-assisted virtual surgical planning and three-dimensional postoperative analysis 
increasingly influence modern orthognathic surgery workflows. Despite significant advances in digital 
planning accuracy, postoperative skeletal relapse and long-term stability remain clinically relevant challenges 
following bimaxillary orthognathic surgery. 
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Objective 
The aim of this prospective three-dimensional clinical study was to evaluate artificial intelligence-assisted 
prediction of postoperative skeletal relapse and long-term skeletal stability following bimaxillary orthognathic 
surgery. 

Methods 
A prospective longitudinal clinical study was conducted between January 2020 and December 2025 at 
Seeklinik Zurich, Switzerland. Patients undergoing AI-assisted bimaxillary orthognathic surgery with 
standardized digital planning and postoperative follow-up were prospectively evaluated using cone-beam 
computed tomography and three-dimensional superimposition analysis. Skeletal relapse, rotational instability, 
translational changes, and long-term skeletal stability were analyzed during postoperative follow-up. 

Results 
A total of 82 patients completed the standardized postoperative follow-up protocol. Three-dimensional 
postoperative analysis demonstrated high concordance between AI-predicted and clinically observed skeletal 
stability outcomes. Minimal postoperative skeletal relapse was observed throughout the 12-month follow-up 
period. Significant long-term stability of maxillary and mandibular repositioning was identified following AI-
assisted surgical planning. AI-assisted predictive modeling demonstrated favorable accuracy for identification 
of patients presenting increased postoperative relapse risk. 

Conclusion 
Artificial intelligence-assisted prediction of skeletal relapse demonstrated favorable predictive performance 
and clinically reliable long-term skeletal stability following bimaxillary orthognathic surgery. These findings 
support the integration of AI-assisted predictive modeling into modern orthognathic surgery workflows. 
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1. INTRODUCTION 

The integration of artificial intelligence, cone-beam computed tomography, additive manufacturing, and 
digital surgical workflows has substantially transformed orthognathic surgery during recent years [1–12]. AI-
assisted virtual surgical planning increasingly enables highly accurate skeletal simulation, improved 
intraoperative transfer precision, and optimized postoperative functional and aesthetic outcomes [9–15]. 

Recent investigations demonstrated favorable clinical integration of AI-assisted workflows in oral and 
maxillofacial surgery. Artificial intelligence-assisted fracture detection, multicenter validation studies, AI-
guided surgical planning, and postoperative outcome prediction models collectively demonstrated promising 
translational potential for modern digital surgery [1–8]. More recently, AI-assisted workflows have been 
successfully integrated into orthognathic surgery, demonstrating favorable three-dimensional transfer 
accuracy and postoperative skeletal stability [9–12]. 

Despite significant technological progress, postoperative skeletal relapse remains one of the most important 
long-term challenges in orthognathic surgery [16–22]. Skeletal relapse may substantially influence 
postoperative occlusion, facial symmetry, profile harmony, and long-term patient satisfaction. The etiology of 
postoperative relapse remains multifactorial and may involve muscular adaptation, condylar remodeling, 
fixation stability, magnitude of surgical movement, soft tissue tension, and postoperative functional adaptation 
[18–24]. 

Modern three-dimensional imaging and AI-assisted predictive modeling increasingly allow quantitative 
evaluation of postoperative skeletal adaptation and relapse risk [20–27]. Artificial intelligence-based 



predictive systems may improve identification of patients presenting elevated relapse risk and may optimize 
individualized treatment planning and postoperative follow-up strategies. 

The present prospective three-dimensional clinical study therefore aimed to evaluate AI-assisted prediction of 
postoperative skeletal relapse and long-term skeletal stability following bimaxillary orthognathic surgery 
using longitudinal cone-beam computed tomography and three-dimensional postoperative superimposition 
analysis. 

 

2. MATERIALS AND METHODS 

This prospective longitudinal clinical study was conducted between January 2020 and December 2025 at 
Seeklinik Zurich, Switzerland. The study protocol followed the ethical principles of the Declaration of 
Helsinki and received institutional review board approval. Written informed consent was obtained from all 
participants prior to inclusion. 

A total of 82 consecutive patients undergoing AI-assisted bimaxillary orthognathic surgery completed the 
standardized postoperative follow-up protocol and were included in the final analysis. Patients presenting 
skeletal class II deformities, skeletal class III deformities, anterior open bite, transverse discrepancies, and 
combined dentofacial deformities were eligible for inclusion. 

Preoperative imaging included cone-beam computed tomography, intraoral digital scanning, and standardized 
three-dimensional facial analysis. Imaging datasets underwent AI-assisted segmentation, cephalometric 
analysis, skeletal simulation, and postoperative relapse prediction using previously validated institutional 
digital workflows [1–15]. 

Patient-specific three-dimensional printed surgical splints were fabricated using additive manufacturing 
technology. All patients underwent standardized bimaxillary orthognathic surgery consisting of Le Fort I 
osteotomy combined with bilateral sagittal split osteotomy. Additional genioplasty procedures were 
performed when clinically indicated. 

Postoperative cone-beam computed tomography examinations were obtained immediately postoperatively 
and during standardized follow-up examinations at 6 months and 12 months following surgery. Three-
dimensional postoperative skeletal superimposition was performed using stable craniofacial reference 
structures. 

Skeletal relapse analysis included evaluation of maxillary and mandibular translational changes, rotational 
relapse, sagittal stability, vertical adaptation, occlusal plane stability, and mandibular midline deviation. 
Artificial intelligence-assisted predictive modeling evaluated postoperative relapse probability based on 
preoperative skeletal morphology, surgical movement magnitude, rotational displacement, and postoperative 
occlusal adaptation. 

Continuous variables were expressed as mean ± standard deviation and categorical variables as percentages. 
Statistical analysis was performed using parametric and non-parametric tests depending on data distribution. 
A p-value below 0.05 was considered statistically significant. 

The complete AI-assisted orthognathic workflow included cone-beam computed tomography acquisition, 
digital cephalometric analysis, AI-assisted virtual surgical planning, additive manufacturing of patient-
specific splints, and longitudinal three-dimensional skeletal relapse analysis throughout postoperative follow-
up. The complete prospective workflow and AI-assisted relapse prediction protocol are illustrated in Figure 
1. 



 
Figure 1. Prospective longitudinal study design and AI-assisted relapse prediction workflow demonstrating cone-beam computed 
tomography integration, AI-assisted virtual surgical planning, additive manufacturing of patient-specific splints, postoperative three-
dimensional superimposition analysis, and longitudinal skeletal relapse evaluation throughout the 12-month follow-up period. 

 

 
3. RESULTS 

A total of 82 patients completed the prospective postoperative follow-up protocol and were included in the 
final analysis. The mean patient age was 28.4 ± 5.9 years. Female patients represented 59.8% of the study 
population. Skeletal class III deformities represented the most common indication for surgery followed by 
skeletal class II deformities and facial asymmetry. 

Three-dimensional postoperative superimposition analysis demonstrated high long-term skeletal stability 
throughout postoperative follow-up evaluation. Minimal postoperative translational and rotational skeletal 
relapse was identified during longitudinal analysis. The highest stability was observed in maxillary positioning 
and sagittal mandibular advancement procedures. 

AI-assisted predictive modeling demonstrated favorable concordance between predicted and clinically 
observed skeletal adaptation patterns. Patients presenting larger mandibular advancement movements 
demonstrated slightly increased relapse tendency compared with patients undergoing smaller skeletal 
repositioning procedures. However, overall postoperative skeletal stability remained highly favorable. 

Rotational stability of the occlusal plane remained stable throughout longitudinal follow-up evaluation. No 
clinically relevant postoperative canting or severe skeletal asymmetry recurrence was identified. Significant 
long-term postoperative stability of maxillary impaction and mandibular setback procedures was observed. 

Artificial intelligence-assisted predictive modeling demonstrated favorable sensitivity and specificity for 
identification of patients presenting elevated postoperative relapse risk. Predictive performance was highest 
for sagittal mandibular relapse evaluation and vertical skeletal adaptation analysis. 

Patient-reported postoperative satisfaction remained highly favorable throughout follow-up evaluation. Most 
patients reported stable postoperative occlusion, favorable facial aesthetics, and persistent functional 
improvement during longitudinal follow-up. 

No major relapse-related revision procedures were required during the study period. Minor postoperative 
occlusal adaptation was managed conservatively during routine orthodontic follow-up. 



Three-dimensional postoperative skeletal superimposition demonstrated favorable concordance between AI-
predicted relapse probability and clinically observed long-term skeletal stability throughout the 12-month 
follow-up period. The complete three-dimensional relapse analysis and postoperative stability evaluation are 
illustrated in Figure 2. 

 
Figure 2. Three-dimensional postoperative skeletal superimposition and AI-assisted relapse prediction analysis demonstrating 
translational and rotational skeletal stability, longitudinal postoperative adaptation measurements, sagittal and vertical relapse 
evaluation, and concordance between AI-predicted and clinically observed long-term skeletal outcomes throughout the 12-month 
follow-up period. 

 
4. DISCUSSION 

The present prospective three-dimensional clinical study demonstrated favorable predictive performance of 
AI-assisted relapse prediction modeling and clinically reliable long-term skeletal stability following 
bimaxillary orthognathic surgery. 

Recent investigations increasingly demonstrated the clinical integration of artificial intelligence-assisted 
workflows in oral and maxillofacial surgery [1–15]. Previous investigations primarily focused on digital 
workflow precision, skeletal transfer accuracy, and postoperative facial outcomes [9–15]. However, limited 
prospective evidence currently exists regarding AI-assisted prediction of postoperative skeletal relapse and 
long-term stability following orthognathic surgery. 

Postoperative skeletal relapse remains one of the most important long-term complications in orthognathic 
surgery [16–24]. Although modern fixation systems and digital surgical planning substantially improved 
postoperative stability, minor translational and rotational skeletal adaptation may still occur during 
postoperative healing and neuromuscular adaptation. 

The present investigation demonstrated favorable long-term postoperative stability with minimal clinically 
relevant skeletal relapse throughout longitudinal follow-up evaluation. AI-assisted predictive modeling 
demonstrated particularly favorable performance regarding sagittal mandibular relapse prediction and vertical 
adaptation analysis. 

These findings support previous investigations demonstrating the increasing reliability of modern digital 
orthognathic surgery workflows [20–27]. Three-dimensional postoperative superimposition analysis enabled 
highly accurate evaluation of postoperative skeletal adaptation and provided objective quantitative assessment 
of long-term stability. 



The ability of AI-assisted systems to identify patients presenting elevated relapse risk may substantially 
improve individualized treatment planning and postoperative follow-up strategies. Predictive AI models may 
allow optimization of surgical movement magnitude, fixation planning, postoperative orthodontic 
management, and long-term stability evaluation. 

The present study has several limitations. First, this was a single-center prospective clinical study performed 
within a specialized digital orthognathic surgery workflow. Second, longer postoperative follow-up beyond 
12 months remains necessary to evaluate long-term skeletal adaptation and condylar remodeling. Third, 
multicenter external validation remains necessary before generalized clinical implementation can be 
recommended. 

Future investigations should focus on multicenter external validation studies, deep learning-based relapse 
prediction systems, integration of facial soft tissue adaptation modeling, automated occlusal adaptation 
analysis, and fully automated AI-guided orthognathic stability prediction workflows. 

 

5. CONCLUSION 
Artificial intelligence-assisted prediction of skeletal relapse demonstrated favorable predictive performance 
and clinically reliable long-term skeletal stability following bimaxillary orthognathic surgery. AI-assisted 
predictive modeling may improve individualized orthognathic treatment planning and long-term postoperative 
stability assessment in modern digital orthognathic surgery workflows. 
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