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Can We Predict ACL Injury
Before It Happens?

Artificial Intelligence–Based 3D MRI Analysis

Meyer O | Amaro JT | Kaleka CC | Debieux P | Gomes Filho N | Cohen M

Automated Al-Based Model for Three-Dimensional Anatomical Risk 

Factor Analysis and ACL Injury Prediction Using Conventional MRI



INTRODUCTION

The ACL Injury Challenge: Why Prediction Matters

Rising Incidence

ACL tears affect 1 in 3,500 people

annually, with young athletes at highest

risk for career-altering injuries

Long-Term Impact

High risk of progressive joint 

degeneration and early-onset

osteoarthritis following ACL rupture

Reactive Approach

Current diagnosis relies on MRI and

clinical exams only after injury has

already occurred

Can we shift from reactive diagnosis to proactive prediction?



PREDICTION MODEL

How AI Predicts ACL Injury: 
Key Morphological Features

Anatomical Metrics Analysis
Machine learning models analyze

comprehensive knee anatomy: 

tibial slope angles, meniscal height

measurements, and precise bone

geometry parameters

Risk Factor Identification
Increased lateral bone slope and

elevated meniscal slope

measurements have been directly

linked to significantly higher ACL 

injury risk profiles

Multi-Feature Integration
Combining multiple anatomical features substantially improves prediction

accuracy beyond single-factor analysis approaches

> Testing Accuracy

Gaussian naïve Bayes model achieved >90% testing accuracy in predicting primary ACL 

injury (Meyer et al., 2021)



2026
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MRI-based measurements (medial & lateral compartments):

● Tibial slope

● Meniscal slope

● Meniscal–bone angle (MBA)

Clinical Implications

● ACL injury risk reflects bone–meniscus

interaction, not a single parameter

Purpose

● To assess whether combined tibial and meniscal parameters improve ACL rupture risk



Purpose:

• To evaluate whether an AI model can identify morphological

features associated with ACL rupture and enable risk prediction

The Question is...

Can AI automatically differentiate these patients based solely on the 
morphology of intra-articular structures on MRI?
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Automated Pipeline

• 3D reconstruction of articular surfaces

• Automatic calculation of curvature and inclinations in : Sagittal, Coronal, 
and Axial planes

1st Step: Segmentation of knee structures

A: Original MRI 

slice.

B: Meniscus 

automatically segmented 

by SKM-TEA The AI model overlayed the two images to learn how to
segment the tibia. The model received 563 pairs of binary
masks and their respective original slices for training.

B: Manually labeled binary segmentation mask representing the tibia.



• Multiple views femur, tibia, menisci
• Long axis of the tibia defined by a point cloud
• Meniscus-plateau and plateau-tibial axis angles automatically computed

Visualization of the three-dimensional  models

2nd Step- Knee 3D Reconstruction

C: Complete three-dimensional model 
(tibia, femur, medial and lateral plateau, 
and medial and lateral meniscus)

B: Oblique view of the tibia, lateral plateau, 
and medial meniscus. A: Frontal view of the femur and tibia



Relative inclinations of the structures

3D Reconstruction and Metrics

The tibial point cloud (blue) is seen in 

profile Sagittal slope of the lateral 

meniscus (orange) with the long axis
of the tibia (red)

Anterior view of the point clouds of the

medial plateau (purple), lateral plateau

(green), tibial long axis (red line), and

coronal slope of the medial plateau (blue 

line).

Superior view of the point clouds of

the lateral meniscus (orange) and

lateral plateau (green). The 

orientations relative to the axial axis

are represented by the green (lateral 

meniscus) and red (lateral plateau) 

lines

3rd Step: Generating a point cloud representing structures



3D Reconstruction and Metrics

• Anterior, lateral, and top views of the point cloud representing the surface of the tibia. 

• The "x" markings represent the centers of the "horizontal slices," allowing the calculation of the long

axis of the tibia (red line).

4th Step: Extracting variables (3D curvature, relative angles)



The trained AI model demonstrated high predictive performance: 80% sensitivity, 70% specificity

and an AUC of 0.81 when applied to the independent test set.                                                      

AUC = 0.81 refers to the area under the ROC (Receiver Operating Characteristic) curve.        good discrimination ability

• Automatic program to Predict high risk from routine MRI

• Potential for personalized preventive intervention

• Potential integration into radiology workflows and sports screening

Clinical relevance

Study Limitations

• Retrospective, single-center design

• Relatively small sample size

• Dependence on MRI quality

• Need for multicenter external validation

Results
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