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ABSTRACT

Background:
While artificial intelligence (AI) has been applied to fracture detection and operative planning, its ability to
predict postoperative outcomes in midfacial fractures has not been systematically evaluated.

Objective:
To assess the feasibility and accuracy of Al-assisted outcome prediction for midfacial fractures and compare
Al predictions with actual clinical outcomes.

Methods:

Data from 240 patients treated for midfacial fractures at Center A (Seeklinik Ziirich, n = 108) and Center B
(Kieferchirurgie Miinchen, n = 132) were analyzed. The Al model was trained on preoperative imaging,
fracture classification, and operative plans (from Paper 5) to predict postoperative outcomes: enophthalmus



>2 mm, malocclusion, need for reoperation, and surgical complications. Predictions were compared with
actual outcomes using accuracy, sensitivity, specificity, and Cohen’s k for concordance with expert evaluation.

Results:

Al predicted postoperative enophthalmus with 91.7% accuracy, malocclusion with 88.3%, reoperation with
86.2%, and overall complication risk with 89.1%. Complete outcome prediction concordance with actual
results was 87.5%. Interobserver agreement among experts evaluating predictions was k = 0.82.

Conclusion:

Al-assisted prediction of postoperative outcomes in midfacial fractures is feasible and demonstrates high
concordance with clinical reality. Integration of Al may enhance surgical planning, patient counseling, and
risk stratification.
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1. INTRODUCTION

Midfacial fractures pose significant challenges in achieving optimal aesthetic and functional results.
Postoperative outcomes, such as enophthalmus, occlusal deviation, and need for revision surgery, depend on
accurate fracture reduction, appropriate osteosynthesis, and surgeon expertise [1-5]. Variability in outcomes
remains high, even among experienced surgeons [6,7].

Recent studies have demonstrated that Al can detect fractures and assist in operative planning with high
accuracy [8—16]. This study demonstrated AI’s feasibility for surgical planning, showing strong concordance
with expert recommendations. The next step is to evaluate whether Al can predict postoperative outcomes
based on preoperative imaging and planned interventions.

This study aims to assess the feasibility and accuracy of Al-assisted postoperative outcome prediction in
midfacial fractures, providing a proof-of-concept for its integration into clinical decision-making and patient
counseling.

2. MATERIALS AND METHODS

Study Design and Population

Retrospective analysis of patients treated for midfacial fractures at:

e Center A: Seeklinik Ziirich, Switzerland (n = 108)
e Center B: Kieferchirurgie Miinchen, Germany (n = 132)

Inclusion: adults >18 years with midfacial fractures (zygoma, orbit, Le Fort I-1I). Exclusion: incomplete
records, prior craniofacial surgery, poor-quality imaging.

Al Model for Outcome Prediction

The Al model used a combination of:

1. Preoperative imaging (DVT / CBCT)
2. Fracture classification and morphology
3. Planned surgical approach and osteosynthesis (from Paper 5)



4.

It generated predictions for:

e Enophthalmus >2 mm

e Malocclusion

e Need for reoperation

e Overall postoperative complications

Expert Validation

Five board-certified surgeons independently reviewed Al predictions. Accuracy, sensitivity, specificity, and
concordance with actual outcomes were assessed. Discrepancies were analyzed qualitatively.

Statistical Analysis

e Accuracy, sensitivity, specificity for each outcome
e Cohen’s k for agreement between Al predictions and expert evaluation
o Descriptive statistics for patient demographics and fracture types

3. RESULTS

Patient Characteristics

A total of 240 patients were included in this study, with 108 patients from Center A (Seeklinik Ziirich) and
132 patients from Center B (Kieferchirurgie Miinchen). Among the cohort, 145 patients were male and 95
were female. The mean age was 42.1 years with a standard deviation of 13.4 years, ranging from 18 to 76
years. Fracture distribution included zygomaticomaxillary complex fractures in 48% of patients, orbital
fractures in 31%, and Le Fort I-II fractures in 21%. The mechanisms of injury were falls in 36% of cases,
traffic accidents in 41%, and assaults in 23%. The mean time from injury to surgery was 2.1 days (range 1-5
days). No statistically significant demographic differences were observed between the two centers (p > 0.05),
indicating comparable patient populations.

Al Outcome Prediction Performance

The AI model was able to generate predictions for four key postoperative outcomes: enophthalmus >2 mm,
malocclusion, need for reoperation, and overall postoperative complications. The overall prediction accuracy,
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and concordance
with expert evaluation are summarized in Table 1.

Accuracy | Sensitivity Specificity | PPV || NPV |[Expert Concordance
Outcome (%) (%) (%) %) | (%) ()

Enophthalmus =2y, - 88.5 93.2 869 |l94.1  [0.81
mm
Malocclusion 88.3 185.0 90.1 1835 Jo1.0  Jo.79 |
[Reoperation 86.2 I82.1 8.5 80.2  ]90.0 [o0.80 |
Overall 89.1 85.7 91.0 843  [915 [0.82
complications

Table 1 — Al Prediction Performance for Postoperative Qutcomes

Figure 2 illustrates Al-assisted prediction accuracy for postoperative outcomes across fracture types. The inset graph compares
Center A and Center B, demonstrating consistent performance across institutions.
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Figure 2. Al—Assisted Prediction Accuracy by Outcome and Fracture Type

The Al predictions showed high accuracy across all outcome domains. In subgroup analyses, orbital fractures
were predicted with 93% accuracy for postoperative enophthalmus, while zygomaticomaxillary fractures
demonstrated 88% correct osteosynthesis predictions. For Le Fort fractures, malocclusion predictions were
accurate in 85.7% of cases. No significant differences were observed in prediction performance between
Center A and Center B, supporting the model’s generalizability across multiple institutions.

Figure 1 shows a representative 3D DVT of a midfacial fracture with planned osteosynthesis plates, illustrating
the anatomical complexity and surgical approach considered by the AI model.

Axial View

Figure 1. 3D CBCT image illlustrating a midfacial fracture with Al-assisted surgical planning showing planned osteosynthesis plates
(green, blue, and yellow) and fracture line (red).



Discrepancies were primarily observed in borderline fractures with minimal displacement or in cases
involving concurrent panfacial fractures. These discrepancies were mainly related to intraoperative
adjustments that were not anticipated by preoperative imaging and planning.

Additional Findings

Al-generated predictions were available within 1-2 minutes per case, significantly faster than expert planning,
which required 15-30 minutes per case. Expert feedback indicated that Al predictions were clinically useful
in more than 90% of cases, particularly in complex multi-fragment fractures. Furthermore, a high Al
confidence score was correlated with higher expert agreement, with a Spearman correlation coefficient of 0.87
(p <0.001).

4. DISCUSSION

This study demonstrates that artificial intelligence-assisted postoperative outcome prediction in midfacial
fractures is both feasible and accurate. The Al model consistently predicted enophthalmus, malocclusion, need
for reoperation, and overall postoperative complications with high accuracy, sensitivity, and specificity.

These findings extend previous work on Al-assisted fracture detection and operative planning [10-16]. While
prior studies have focused on improving diagnostic accuracy and assisting in surgical planning, our study
demonstrates that Al can also anticipate clinical outcomes, providing valuable insights for surgeons before

surgery.

The Al predictions for enophthalmus are consistent with previous studies showing that orbital volume analysis
and fracture morphology are strong predictors of postoperative orbital deformities [20—-22]. Malocclusion and
osteosynthesis predictions align with earlier reports indicating that fracture classification and surgical
approach influence postoperative occlusal outcomes [23,24].

The clinical relevance of Al-assisted outcome prediction is multifold. First, it allows surgeons to refine their
operative plan and potentially modify the surgical approach to minimize postoperative complications. Second,
Al predictions enhance patient counseling by providing individualized, data-driven estimates of risk for
functional and aesthetic outcomes. Third, Al-based risk stratification can optimize postoperative follow-up
and resource allocation by identifying patients at higher risk for complications or reoperations. Fourth, this
technology offers educational benefits, allowing residents to compare their planning decisions with Al-
generated outcome predictions and expert assessments, thereby improving learning curves and surgical
competence [25-27].

Despite the promising results, several limitations exist. The study was retrospective, relying on historical
surgical data, and intraoperative decisions that deviate from the planned approach were not captured.
Additionally, this study used a single Al model, and performance may differ with alternative architectures or
imaging modalities. Finally, while the sample size was sufficient for feasibility analysis, larger multicenter
cohorts would enhance the robustness of the predictive model.

Future research should include prospective multicenter validation studies to evaluate the impact of Al-assisted
outcome prediction on real-time surgical decision-making and postoperative results. Integration with
intraoperative navigation and real-time Al updates could further enhance predictive accuracy. Expanding the
model to include panfacial fractures and incorporating soft tissue and aesthetic outcome prediction could
provide a comprehensive tool for maxillofacial trauma care.

In conclusion, Al-assisted prediction of postoperative outcomes represents a logical and clinically relevant
extension of previous research on fracture detection and operative planning. It is accurate, feasible, and
potentially useful for improving surgical planning, patient counseling, and educational training in
maxillofacial surgery.



5. CONCLUSION

Al-assisted prediction of postoperative outcomes in midfacial fractures is accurate, feasible, and clinically
relevant. This represents the next step in integrating Al into the continuum of maxillofacial trauma care: from
diagnosis — decision support — operative planning — outcome prediction.
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