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Osteonecrosis of the femoral head (ONFH)

• Osteonecrosis of the femoral head (ONFH): bone cells 
in the hip joint are dead due to insufficient blood 
supply to the femoral head[1].

• ONFH can lead to the collapse of the subchondral bone
[1].

Image source: https://orthoinfo.aaos.org/en/diseases--conditions/osteonecrosis-of-the-hip

[1] Konstantinos N. Malizos, Apostolos H. Karantanas, Sokratis E. Varitimidis, Zoe H. Dailiana, Konstantinos Bargiotas, and Thomas Maris. Osteonecrosis of the femoral head: Etiology, imaging and treatment. European 
Journal ofRadiology, 63(1):16–28, 2007. Hip Joint.
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https://orthoinfo.aaos.org/en/diseases--conditions/osteonecrosis-of-the-hip


Core Decompression

• Drill (multiple) holes in the femoral neck to access and 
remove the lesion [3].

• Reduces pressure, recover vascular inflow to the 
femoral head [3].

• Commonly used in the early stages of  ONFH (Stage I 
and II) to prevent or delay the necessity for THA [4].

Image source: https://www.stlosm.com/core-decompression-avascular-necrosis-of-hip-orthopedics-sports-medicine-specialists-creve-coeur-missouri.html

[3]. Daniel Petek, Didier Hannouche, and Domizio Suva. Osteonecrosis of the femoral head: pathophysiology and current concepts of treatment. EFORT Open Reviews, 4(3):85 – 97, 2019.

[4]. Konstantinos N. Malizos, Apostolos H. Karantanas, Sokratis E. Varitimidis, Zoe H. Dailiana, Konstantinos Bargiotas, and Thomas Maris. Osteonecrosis of the femoral head: Etiology, imaging and treatment. European 
Journal of Radiology, 63(1):16–28, 2007. Hip Joint.
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Pre-op and Intra-op Imaging
MRI (Pre-op) CT (Intra-op)
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• Diagnosis
• Assessment of 

bone quality
• Surgical planning

• Surgical 
Navigation

*Images provided by Alejandro Martin-Gomez



Registration between Pre-op and Intra-op Imaging
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Segmentation

Registration between MRI and 
CT is required.

• Transform surgical plan from MRI 
to CT

Segmentation

Registration



Goal
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• Realize the automatic segmentation of the anatomical structures, including 
femur, pelvis, and necrosis, in MRI volumes used for the core decompression 
procedure.

• Realize the automatic segmentation of the femur and pelvis in CT volumes 
used for the core decompression procedure.

• Realize the registration between the segmented anatomical structures (femur 
and pelvis) in MRI (first goal) and CT (second goal). A further topic is integrating 
the segmentation and registration models to form an integrated system and 
realize its interaction with 3D Slicer.



Paper I: 
Segmentation of the Proximal 
Femur from MR Images using 
Deep Convolutional Neural 
Networks.
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Deniz, C.M., Xiang, S., Hallyburton, R.S. et al. Segmentation of the Proximal Femur from MR Images using Deep 

Convolutional Neural Networks. Sci Rep 8, 16485 (2018). https://doi.org/10.1038/s41598-018-34817-6



Paper I: Segmentation of the Proximal Femur from MR Images using Deep Convolutional 
Neural Networks.
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Reason for selection:
• Segmentation networks specialized for femoral MRI images,

highly relates to the main focus of the project
• Provides statistical conclusions on the performance of

different architectures, which has reference significance for
the selection of models.



Paper I: Segmentation of the Proximal Femur from MR Images using Deep Convolutional 
Neural Networks.
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Paper I: Segmentation of the Proximal Femur from MR Images using Deep Convolutional 
Neural Networks.
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• 2D U-Net, with three or four 
layers, initial feature map of 
64 channels.

• 3D U-Net: with three or four 
layers, initial feature map of 
16/32 channels.

• Dilated 2D/3D U-Net



Paper I: Segmentation of the Proximal Femur from MR Images using Deep Convolutional 
Neural Networks.
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Experiments: 
• conducted on 86 femur MRI volumes obtained from the New York 

University School of Medicine

• Four-fold cross validation with separation of 21/21/22/22

• Evaluated based on:
D𝑖𝑐𝑒 𝑆𝑐𝑜𝑟𝑒(𝐷𝑆𝐶) = 2𝑇𝑃/(𝐹𝑃 + 2𝑇𝑃 + 𝐹𝑁)

sensitivity/recall = 𝑇𝑃/(𝑇𝑃 + 𝐹𝑁) 

precision (𝑃𝑃𝑉) = 𝑇𝑃/(𝑇𝑃 + 𝐹𝑃) 



Paper I: Segmentation of the Proximal Femur from MR Images using Deep Convolutional 
Neural Networks.
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Results and Main Conclusions:

• 3D U-Net outperforms than 2D 
U-Net



Paper I: Segmentation of the Proximal Femur from MR Images using Deep Convolutional 
Neural Networks.
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Results and Main Conclusions:

• 3D U-Net outperforms than 2D 
U-Net

• With dilated design, the models’ 
performance can be improved, 
but still 3D U-Net overperforms  
than 2D U-Net



Paper I: Segmentation of the Proximal Femur from MR Images using Deep Convolutional 
Neural Networks.
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Results and Main Conclusions:

• 3D U-Net outperforms than 2D 
U-Net

• With dilated design, the models’ 
performance can be improved, 
but still 3D U-Net overperforms  
than 2D U-Net

• 3D CNN performs better on 
segmentation accuracy on the 
hypointense regions, with fewer 
false positives.



Paper I: Segmentation of the Proximal Femur from MR Images using Deep Convolutional 
Neural Networks.

Thursday, April 28, 2022 16

Pros:
• With considerable accuracy, greatly reduced the time for femur MRI 

segmentation, which has crucial implicational potential for the clinical 
diagnosis and treatment of osteonecrosis.

• Summarized the performance of various femur automatic segmentation 
models from five different evaluation metrics, which are contributive work and 
systemic guidance for similar tasks.

Cons:
• Use only the conventional convolutional layers, does not include more state-of-

the-art U-Net variants, the performance of the model could be furtherly 
improved.



Paper II: 
Fully Automatic and Fast 
Segmentation of the Femur 
Bone from 3D-CT Images with 
No Shape Prior
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Krcah, Marcel et al. “Fully automatic and fast segmentation of the femur bone from 3D-CT images with no shape 
prior.” 2011 IEEE International Symposium on Biomedical Imaging: From Nano to Macro (2011): 2087-2090.



Paper II: Fully Automatic and Fast Segmentation of the Femur Bone from 3D-CT Images with 
No Shape Prior.
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Reason for selection:
• Automatic CT segmentation of femur bone without given

prior shape, highly related to the goal of the project. Also,
has potential to be used for bone anatomies besides the
femur --- could be used for pelvis segmentation as well.



Paper II: Fully Automatic and Fast Segmentation of the Femur Bone from 3D-CT Images with 
No Shape Prior.
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Based on Graph-Cut Segmentation framework:

Boundary Enhancement using sheeting filter:

T: average trace o the Hessian at each image voxel

𝜆1, 𝜆2 and 𝜆3 are the eigenvalues of Hessian 

matrix and |𝜆1 | ≤ |𝜆2 | ≤ |𝜆3|.



Paper II: Fully Automatic and Fast Segmentation of the Femur Bone from 3D-CT Images with 
No Shape Prior.
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Based on Graph-Cut Segmentation framework:

Segmentation by minimizing the energy function:



Paper II: Fully Automatic and Fast Segmentation of the Femur Bone from 3D-CT Images with 
No Shape Prior.
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Based on Graph-Cut Segmentation framework:

Separate the bones, based on Graph-cut:



Paper I: Segmentation of the Proximal Femur from MR Images using Deep Convolutional 
Neural Networks.
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Experiments: 
• 97 CT volumes which has been cropped around the femur are 

used for experiment.

• Evaluated based on:
True-Positive rate = 𝑇𝑃/(𝑇𝑃 + 𝐹𝑁) 
False-Positive rate = F𝑃/(𝑇𝑃 + 𝐹𝑁) 
Hausdorff distance between prediction and ground truth.



Paper II: Fully Automatic and Fast Segmentation of the Femur Bone from 3D-CT Images with 
No Shape Prior.
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• True Positive rate > 0.85, 

• False Positive rate < 

0.001, 

• Hausdorff Distance < 

8mm in 81% of the tested 
cases.

Results and Main Conclusions:



Paper II: Fully Automatic and Fast Segmentation of the Femur Bone from 3D-CT Images with 
No Shape Prior.

Thursday, April 28, 2022 24

Can be used for segmentation 
of different bone anatomies 
besides femur.

Results and Main Conclusions:



Paper II: Fully Automatic and Fast Segmentation of the Femur Bone from 3D-CT Images with 
No Shape Prior.
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Pros:
• Using the graph-cut architecture and the thresholds based on the empirical 

data of CT segmentation, the algorithm can efficiently segment the CT bone 
structures. Algorithms outperform previous algorithms on multiple evaluation 
metrics. 

Cons:
• Cannot distinguish between different bone anatomies.
• The performance of bone separation is not guaranteed.
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Thank you!
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