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ABSTRACT 

Background 
Artificial intelligence-assisted virtual surgical planning and three-dimensional digital workflows increasingly 
influence modern orthognathic surgery. Although previous investigations demonstrated improved skeletal 
transfer accuracy and favorable long-term skeletal stability following AI-assisted orthognathic surgery, 
limited prospective clinical evidence exists regarding postoperative soft tissue adaptation and facial symmetry 
outcomes. 
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Objective 
The aim of this prospective three-dimensional clinical study was to evaluate postoperative soft tissue 
prediction accuracy, facial symmetry improvement, and patient-reported aesthetic outcomes following AI-
assisted virtual surgical planning in bimaxillary orthognathic surgery. 

Methods 
A prospective clinical study was conducted between January 2020 and December 2025 at Seeklinik Zurich, 
Switzerland. Patients undergoing AI-assisted bimaxillary orthognathic surgery with digital soft tissue 
simulation and patient-specific three-dimensional printed surgical splints were prospectively evaluated using 
cone-beam computed tomography, facial scanning, and standardized three-dimensional postoperative 
analysis. Facial symmetry, soft tissue adaptation, profile harmony, and patient-reported outcome measures 
were assessed during longitudinal postoperative follow-up. 

Results 
A total of 78 patients completed the standardized postoperative follow-up protocol. Three-dimensional 
postoperative analysis demonstrated high concordance between AI-predicted and clinically observed soft 
tissue outcomes. Significant postoperative improvement in facial symmetry indices and profile harmony was 
observed throughout follow-up evaluation. Patient-reported outcome measures demonstrated high 
postoperative satisfaction regarding facial appearance, social confidence, and aesthetic treatment outcomes. 
Minimal discrepancy between predicted and observed soft tissue landmarks was identified during 
postoperative analysis. 

Conclusion 
AI-assisted soft tissue prediction and three-dimensional facial symmetry analysis demonstrated favorable 
predictive accuracy and clinically meaningful postoperative aesthetic improvement following bimaxillary 
orthognathic surgery. These findings support the clinical integration of AI-assisted soft tissue simulation 
workflows in modern orthognathic surgery. 
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1. INTRODUCTION 

The integration of artificial intelligence, three-dimensional imaging, and digital surgical workflows has 
substantially transformed orthognathic surgery during recent years [1–8]. Modern digital workflows 
increasingly combine cone-beam computed tomography, intraoral scanning, facial scanning, additive 
manufacturing, and artificial intelligence-assisted virtual surgical planning to improve surgical precision and 
postoperative predictability [9–15]. 

Previous investigations demonstrated favorable translational integration of artificial intelligence-assisted 
workflows in maxillofacial trauma surgery and orthognathic surgery [1–14]. AI-assisted fracture detection 
systems, multicenter validation studies, AI-guided surgical planning workflows, and randomized clinical trials 
collectively demonstrated improved digital workflow precision and surgical transfer accuracy in complex 
maxillofacial procedures [1–12]. 

More recently, artificial intelligence-assisted virtual surgical planning has been successfully transferred into 
orthognathic surgery workflows. Initial feasibility investigations demonstrated accurate three-dimensional 
skeletal planning and reliable additive manufacturing integration [13]. Subsequent comparative validation 
studies demonstrated significantly improved three-dimensional skeletal transfer accuracy following AI-
assisted orthognathic surgery workflows compared with conventional planning methods [14]. Longitudinal 



follow-up investigations additionally demonstrated favorable postoperative skeletal stability and high patient-
reported satisfaction following AI-assisted orthognathic surgery [15]. 

Despite these promising findings, postoperative aesthetic outcome prediction remains one of the most 
challenging aspects of orthognathic surgery. Although skeletal repositioning can be planned with high 
precision, postoperative soft tissue adaptation may vary considerably among patients because of differences 
in tissue thickness, muscular adaptation, age, gender, and individual facial morphology [16–22]. 

Accurate prediction of postoperative soft tissue adaptation and facial symmetry remains clinically important 
because facial aesthetics represent one of the primary motivations for orthognathic surgery [18–24]. In recent 
years, artificial intelligence-assisted facial analysis and three-dimensional soft tissue simulation have emerged 
as promising technologies for improving postoperative aesthetic prediction and patient communication [25–
29]. 

The present prospective three-dimensional clinical study therefore aimed to evaluate postoperative soft tissue 
prediction accuracy, facial symmetry improvement, profile harmony, and patient-reported aesthetic outcomes 
following AI-assisted virtual surgical planning in bimaxillary orthognathic surgery. 

 

2. MATERIALS AND METHODS 

This prospective three-dimensional 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 78 consecutive patients undergoing AI-assisted bimaxillary orthognathic surgery completed the 
prospective postoperative follow-up protocol and were included in the final analysis. Patients presenting with 
skeletal class II deformities, skeletal class III deformities, facial asymmetry, anterior open bite, and combined 
dentofacial deformities were eligible for inclusion. 

Preoperative imaging included cone-beam computed tomography, intraoral digital scanning, and standardized 
three-dimensional facial scanning. Imaging datasets underwent artificial intelligence-assisted segmentation, 
cephalometric analysis, facial symmetry analysis, and virtual surgical simulation using previously validated 
institutional digital workflows [1–15]. Digital soft tissue simulation and postoperative facial prediction models 
were generated preoperatively for all patients. 

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 evaluation included immediate postoperative imaging and standardized follow-up examinations 
at 6 months and 12 months following surgery. Three-dimensional postoperative facial scans were 
superimposed onto preoperative simulation datasets to evaluate soft tissue prediction accuracy and facial 
symmetry outcomes. 

Soft tissue landmark analysis included evaluation of nasal projection, upper lip position, lower lip projection, 
chin soft tissue adaptation, midline symmetry, facial width symmetry, and lower facial proportion. 
Translational discrepancy between predicted and observed postoperative soft tissue landmarks was measured 
using standardized three-dimensional analysis software. 

Facial symmetry analysis evaluated bilateral soft tissue congruence and postoperative profile harmony. 
Patient-reported outcome measures assessed facial appearance, profile aesthetics, psychosocial confidence, 
social interaction, and overall postoperative satisfaction using standardized visual analog scale questionnaires. 



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 digital workflow included cone-beam computed tomography acquisition, three-
dimensional facial scanning, artificial intelligence-assisted virtual surgical planning, digital soft tissue 
simulation, additive manufacturing of patient-specific splints, and longitudinal postoperative facial symmetry 
analysis. The complete prospective workflow and three-dimensional postoperative evaluation protocol are 
illustrated in Figure 1. 

 
Figure 1. Prospective three-dimensional study design and AI-assisted soft tissue prediction workflow demonstrating cone-beam 
computed tomography integration, facial scanning, digital soft tissue simulation, additive manufacturing of patient-specific splints, 
and longitudinal postoperative facial symmetry analysis throughout the 12-month follow-up period. 

 
3. RESULTS 

A total of 78 patients completed the prospective follow-up protocol and were included in the final analysis. 
The mean patient age was 27.9 ± 6.1 years. Female patients represented 61.5% 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 analysis demonstrated high concordance between AI-predicted and 
clinically observed postoperative soft tissue outcomes. Mean translational discrepancy between predicted and 
observed soft tissue landmarks remained within clinically acceptable ranges throughout postoperative 
evaluation. The greatest predictive accuracy was observed in chin projection and lower facial contour 
adaptation. 

Significant postoperative improvement in facial symmetry indices was observed following surgery. Bilateral 
facial congruence improved substantially during longitudinal follow-up evaluation. Midline symmetry, lower 
facial balance, and profile harmony demonstrated statistically significant postoperative improvement 
throughout the observation period. 



Three-dimensional superimposition analysis demonstrated favorable correspondence between digital soft 
tissue simulation and clinically observed postoperative facial adaptation. Minor variation between predicted 
and observed postoperative nasal tip projection and upper lip adaptation was identified in isolated patients. 
However, overall soft tissue prediction accuracy remained highly favorable. 

Patient-reported outcome measures demonstrated high levels of postoperative satisfaction. The majority of 
patients reported significant improvement in facial appearance, profile harmony, self-confidence, and 
psychosocial well-being following surgery. Overall satisfaction regarding postoperative facial aesthetics 
remained highly favorable throughout longitudinal follow-up evaluation. 

No major workflow-related complications occurred during the study period. Minor postoperative edema and 
temporary sensory disturbances resolved during routine follow-up. No severe postoperative relapse or major 
soft tissue asymmetry requiring revision surgery was observed. 

Three-dimensional postoperative facial superimposition demonstrated favorable correspondence between 
predicted and clinically observed postoperative soft tissue adaptation with maintained facial symmetry 
improvement throughout longitudinal follow-up evaluation. The complete three-dimensional soft tissue 
prediction analysis and postoperative facial symmetry assessment are illustrated in Figure 2. 

 
Figure 2. Three-dimensional postoperative facial superimposition and AI-assisted soft tissue prediction analysis demonstrating 
postoperative facial symmetry improvement, profile harmony, translational soft tissue adaptation measurements, and concordance 
between predicted and clinically observed postoperative facial outcomes throughout the 12-month follow-up period. 

 

 
4. DISCUSSION 

The present prospective three-dimensional clinical study demonstrated favorable predictive accuracy of AI-
assisted soft tissue simulation and clinically meaningful postoperative facial symmetry improvement 
following bimaxillary orthognathic surgery. 

Recent investigations increasingly demonstrated the feasibility and clinical integration of artificial 
intelligence-assisted workflows in oral and maxillofacial surgery [1–15]. However, most previous 
investigations primarily focused on skeletal transfer accuracy and digital workflow precision rather than 
postoperative facial aesthetics and soft tissue adaptation [13–15]. The present study therefore extends previous 
investigations by evaluating longitudinal postoperative facial outcomes and AI-assisted soft tissue prediction 
accuracy. 



Postoperative facial aesthetics remain one of the most important determinants of successful orthognathic 
surgery [18–24]. Although accurate skeletal repositioning is essential, patient satisfaction frequently depends 
more strongly on postoperative facial appearance, profile harmony, and psychosocial improvement than on 
skeletal measurements alone [20–24]. 

The present findings demonstrated high concordance between predicted and observed postoperative soft tissue 
outcomes. Artificial intelligence-assisted soft tissue simulation demonstrated particularly favorable predictive 
accuracy regarding lower facial contour adaptation and chin soft tissue projection. These findings support 
previous investigations demonstrating the increasing reliability of modern three-dimensional facial prediction 
systems [25–29]. 

Facial symmetry improvement represented another important finding of the present investigation. Three-
dimensional postoperative analysis demonstrated significant improvement in bilateral facial congruence and 
profile harmony throughout longitudinal follow-up evaluation. Improved facial symmetry may substantially 
influence postoperative psychosocial well-being and social confidence following orthognathic surgery. 

Patient-reported outcome measures additionally demonstrated high postoperative satisfaction regarding facial 
aesthetics and psychosocial outcomes. These findings suggest that AI-assisted facial prediction may improve 
patient communication, preoperative expectation management, and postoperative satisfaction. 

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 follow-up beyond 12 months 
remains necessary to evaluate long-term soft tissue adaptation and facial aging effects. Third, multicenter 
external validation remains necessary before broader generalization can be recommended. 

Future investigations should focus on multicenter validation studies, AI-assisted automated facial harmony 
optimization, dynamic facial expression analysis, long-term soft tissue aging prediction, and integration of 
deep learning-based facial aesthetics evaluation systems. 

 

5. CONCLUSION 
AI-assisted soft tissue prediction and three-dimensional facial symmetry analysis demonstrated favorable 
predictive accuracy and clinically meaningful postoperative aesthetic improvement following bimaxillary 
orthognathic surgery. Artificial intelligence-assisted digital workflows may improve postoperative facial 
outcome prediction, patient communication, and aesthetic treatment planning in modern orthognathic surgery. 
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