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• Prompt, accurate diagnosis of ACL(anterior cruciate ligament), followed by apt
intervention is imperative to preserve knee joint functionality.

• Existing deep learning approaches often overlook additional factors beyond the image.
• Clinical observations have correlated certain femoral and tibial morphologies with

increased ACL rupture risk[1, 2].
• We integrated bone morphological insights to feature extraction.

Previous Approach ACLNet(Ours)

Summary of Subject Demographic and Clinical Data 

• 1904 MRI series, 54008 slices
• image — sagittal :
 Organizational and structural 

details
• point cloud — sagittal & coronal :
 Multidirectional morphological 

information Flow chart for generating point clouds

ACLNet’s pipeline

 Data flow 
• Given an input, denoted as(𝑋𝑋𝑖𝑖 - image, 𝑃𝑃𝑖𝑖 - point cloud):

𝒟𝒟 = {𝑋𝑋𝑖𝑖 ,𝑃𝑃𝑖𝑖}(𝑖𝑖 = 1, 2 …𝑁𝑁)
• Extract feature of 𝑋𝑋𝑖𝑖 and 𝑃𝑃𝑖𝑖 by two branch 𝐹𝐹𝑖𝑖m and 𝐹𝐹𝑝𝑝𝑝𝑝, we get:

𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 = 𝐹𝐹𝑖𝑖m 𝑋𝑋𝑖𝑖 , 𝑓𝑓𝑖𝑖
𝑝𝑝𝑝𝑝 = 𝐹𝐹𝑝𝑝𝑝𝑝 𝑃𝑃𝑖𝑖

• Blend the features of the two paths:
𝑓𝑓𝑖𝑖 = 𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 ⊕ 𝑓𝑓𝑖𝑖

𝑝𝑝𝑝𝑝

• Get the prediction by a classification layer:
�𝑦𝑦𝑖𝑖 = 𝐿𝐿(𝑓𝑓𝑖𝑖)

• We adopted the cross-entropy loss function:

ℒ𝑝𝑝𝑐𝑐𝑐𝑐(𝑦𝑦𝑖𝑖 , �𝑦𝑦𝑖𝑖) =
1
𝑁𝑁
�
𝑖𝑖=1

𝑁𝑁

[𝑦𝑦𝑖𝑖 ln �𝑦𝑦𝑖𝑖 + (1 − 𝑦𝑦𝑖𝑖) ln 1 − �𝑦𝑦𝑖𝑖 ]

Comparation between methods

Ablation of components ⊕: Concatenate, +: Weighted Sum, ⨂: Attention

 Baseline model
• After preprocessing MRI raw data, the corresponding three-dimensional

image and point cloud representation data were obtained for each case.
• For the image branch, the input size was preprocessed to 16×112×112

pixel, we used densenet[3] as the feature extractor for its comprehensive
feature integration ability.

• For the point cloud branch, each patient’s input was uniformly
preprocessed to 2048 points by farthest point sampling, and we chose
PCT[4] as the feature extractor for its exceptionally adept at parsing the
intricate structures of point clouds .

• To verify that this method still works
for external data, we did an automated
step by using the bone mask
segmented by U2Net[5] rather than
manual labeled boundary by expert In
the point cloud generating part.
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