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Project: Improved Generalization of Pelvis X-ray Landmark Detection

[1] B. Bier et al., “X-ray-transform Invariant Anatomical Landmark Detection for Pelvic Trauma Surgery,” arXiv:1803.08608 [cs], Mar. 2018.

• Intraoperative registration of hip anatomy from 
fluoroscopic X-ray.

• Deep-learning based landmark detection.
• Improved generalization leveraging simulated data.
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Paper Selection: “Learning to Detect Anatomical Landmarks in X-
rays from Arbitrary Views”

B. Bier et al., “Learning to detect anatomical landmarks of the pelvis in X-rays from arbitrary views,” Int J CARS, vol. 14, no. 9, pp. 1463–1473, Sep. 2019, doi: 10.1007/s11548-019-01975-5.

Key contributions:
• View-invariant data augmentation method using simulated X-rays.
• Stage-based DNN architecture for anatomical landmark detection.
• First known investigation of view-independent landmark detection 

suitable for intraoperative imaging.

3

The Problem and Key Result: Minimally Invasive Hip Surgery

B. Bier et al., “Learning to detect anatomical landmarks of the pelvis in X-rays from arbitrary views,” Int J CARS, vol. 14, no. 9, pp. 1463–1473, Sep. 2019, doi: 10.1007/s11548-019-01975-5.

The Problem:
• Minimally invasive hip surgery requires mentally exhaustive 2D/3D registration of intraoperative fluoroscopic 

images.
• Anatomical landmark detection provides 3D information, referenced against preoperative plan.
• Fast, automated landmarked detection is essential for uninterrupted feedback in the operating room.
• Manually labeled training data is difficult to obtain, due to overlapping anatomy in X-rays.

Key Result:
• View-invariant landmark 

detection.
• 5.6 ± 4.5 mm error on sim 

images.
• Successful initialization of 

traditional registration on real 
X-rays (right).
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Background: Automated Landmark Detection

[1] M. Urschler, T. Ebner, and D. Štern, “Integrating geometric configuration and appearance information into a unified framework for anatomical landmark localization,” Medical Image Analysis, vol. 
43, pp. 23–36, Jan. 2018, doi: 10.1016/j.media.2017.09.003.
[2] D. Liu, K. S. Zhou, D. Bernhardt, and D. Comaniciu, “Search strategies for multiple landmark detection by submodular maximization,” in 2010 IEEE Computer Society Conference on Computer 
Vision and Pattern Recognition, 2010, pp. 2831–2838, doi: 10.1109/CVPR.2010.5540016.
[3] A. O. Mader, J. von Berg, A. Fabritz, C. Lorenz, and C. Meyer, “Localization and Labeling of Posterior Ribs in Chest Radiographs Using a CRF-regularized FCN with Local Refinement,” in Medical 
Image Computing and Computer Assisted Intervention – MICCAI 2018, Cham, 2018, pp. 562–570, doi: 10.1007/978-3-030-00934-2_63.
[4] C.-W. Wang et al., “Evaluation and Comparison of Anatomical Landmark Detection Methods for Cephalometric X-Ray Images: A Grand Challenge,” IEEE Trans Med Imaging, vol. 34, no. 9, pp. 
1890–1900, Sep. 2015, doi: 10.1109/TMI.2015.2412951.

Prior work:
• Decision-tree based generative models [1] (right).
• Reducing the search space based on prior, anatomical information [2].
• DNN-based methods, using U-net, Faster-RNN, chest and spine 

landmarks, resp. [3, 4] (below).
Drawback:
• Single-view landmark detection, not viable for intraoperative.

Credit: [3]

Credit: [1]
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Method: Data Generation and Stage-based DNN for Landmark Detection

B. Bier et al., “Learning to detect anatomical landmarks of the pelvis in X-rays from arbitrary views,” Int J CARS, vol. 14, no. 9, pp. 1463–1473, Sep. 2019, doi: 10.1007/s11548-019-01975-5.

• Successive stages output belief maps (right) for each
landmark.

• View-invariant augmentation was used to generate 
simulated X-ray images from CT volumes.

• Physically accurate simulation rendering enabled sim-to-
real transfer.
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Experiments 

B. Bier et al., “Learning to detect anatomical landmarks of the pelvis in X-rays from arbitrary views,” Int J CARS, vol. 14, no. 9, pp. 1463–1473, Sep. 2019, doi: 10.1007/s11548-019-01975-5.

Evaluation unseen sim and real images:
• 5.6 ± 4.5mm detection error on sim (below, right).
• Detection landmarks successfully initialize traditional 2D/3D 

registration (next slide).
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Assessment 

B. Bier et al., “Learning to detect anatomical landmarks of the pelvis in X-rays from arbitrary views,” Int J CARS, vol. 14, no. 9, pp. 1463–1473, Sep. 2019, doi: 10.1007/s11548-019-01975-5.

Failure to generalize to unseen situations:
• Surgical tool occlusion.
• Anatomical anomalies, e.g. fractures.
Decreased accuracy from network downsampling.

8
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Conclusion and Future Work

• Enable generalization to surgical tool occlusion, anatomical anomalies.
• Improve detection accuracy, foregoing refinement by traditional 2D/3D registration.
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CONV(x̂(2,1),k)

<latexit sha1_base64="0McvsmcAjZXXTII6H5rEowO7ntg=">AAACGnicbVDJSgNBEO2JW4xb1KOXxigkEMKMKHoM5OJJI5gFMjH0dHqSJj0L3TWSMMx3ePFXvHhQxJt48W/sJCO4PSh4vFdFVT0nFFyBaX4YmYXFpeWV7GpubX1jcyu/vdNUQSQpa9BABLLtEMUE91kDOAjWDiUjniNYyxnVpn7rlknFA/8aJiHremTgc5dTAlrq5S0b2Bji2uVFMynaHoGh48b2kEA8TpKbuHhUtkpJGX85o6TUyxfMijkD/kuslBRQinov/2b3Axp5zAcqiFIdywyhGxMJnAqW5OxIsZDQERmwjqY+8ZjqxrPXEnyolT52A6nLBzxTv0/ExFNq4jm6c3qi+u1Nxf+8TgTuWTfmfhgB8+l8kRsJDAGe5oT7XDIKYqIJoZLrWzEdEkko6DRzOgTr98t/SfOoYh1XTq6OC9WDNI4s2kP7qIgsdIqq6BzVUQNRdIce0BN6Nu6NR+PFeJ23Zox0Zhf9gPH+CdUloKE=</latexit>

H

<latexit sha1_base64="YKzC+9/VM8r9AfSzOgYqSj90aQY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IrsGo0cSLxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLq0yIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO881Mu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWtdlr1K+aVRK1YssjjycwTlcgQe3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJcLjLY=</latexit>

H
0

<latexit sha1_base64="39oygeT5IQKLMa86MZJOAdBn3GQ=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIho9kV2D0SOJF45o5JHAhswOvTBhdnYzM2tCCH/gxYPGePWPvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJaPZpygH9GB5CFn1FjpoXbRK5bcsjsHWSVeRkqQod4rfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7plJxbpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPUnXCapQckWi8JUEBOT2dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb+8SppXZa9Svr6vlKpnWRx5OIFTuAQPbqAKNahDAxiE8Ayv8OaMnBfn3flYtOacbOYY/sD5/AH3U4zn</latexit>

W

<latexit sha1_base64="XY0nnlPlVv+UsgnnPrVBGki4KOE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSp4KolU9Fjw4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqtPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fkwioDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0ripetXLdqJZr53kcBTiFM7gED26gBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDrceMxQ==</latexit>

W 0

<latexit sha1_base64="ZqzMTqN/S3VH/ekG8t2ZJehLy5s=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSp6KolU9Fjw4rGK/YA2lM120y7dbMLuRCih/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpoXXeK5XdijsDWSZeTsqQo94rfXX7MUsjrpBJakzHcxP0M6pRMMknxW5qeELZiA54x1JFI278bHbphJxZpU/CWNtSSGbq74mMRsaMo8B2RhSHZtGbiv95nRTDGz8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNC8rXrVydV8t107zOApwDCdwAR5cQw3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDw4tjPY=</latexit>

(2r + 1)

<latexit sha1_base64="WBavP6CEqcPlqviH6ONrSlz5Ios=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CVahIpTdUtFjwYvHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKBzOJqR/hoWAhI9hYqVWuqkvvol8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fo3CoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjjp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0qhWvVrm6r5XqZ1kceTiBUyiDB9dQhztoQBMIPMIzvMKbI50X5935WLTmnGzmGP7A+fwB5MKN8Q==</latexit>

(2
r
+
1)

<latexit sha1_base64="WBavP6CEqcPlqviH6ONrSlz5Ios=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CVahIpTdUtFjwYvHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Hbmt5+o0kyKBzOJqR/hoWAhI9hYqVWuqkvvol8suRV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fo3CoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjjp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0qhWvVrm6r5XqZ1kceTiBUyiDB9dQhztoQBMIPMIzvMKbI50X5935WLTmnGzmGP7A+fwB5MKN8Q==</latexit>

C

<latexit sha1_base64="3m02n6jDuIaYwMCrldlLQ14Vtso=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IrsGo0cSLh4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj2txvP6HSPJYPZpKgH9Gh5CFn1FipUesXS27ZXYCsEy8jJchQ7xe/eoOYpRFKwwTVuuu5ifGnVBnOBM4KvVRjQtmYDrFrqaQRan+6OHRGLq0yIGGsbElDFurviSmNtJ5Ege2MqBnpVW8u/ud1UxPe+VMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nreuyVynfNCql6kUWRx7O4ByuwINbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AI93jLE=</latexit>

C

<latexit sha1_base64="3m02n6jDuIaYwMCrldlLQ14Vtso=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IrsGo0cSLh4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj2txvP6HSPJYPZpKgH9Gh5CFn1FipUesXS27ZXYCsEy8jJchQ7xe/eoOYpRFKwwTVuuu5ifGnVBnOBM4KvVRjQtmYDrFrqaQRan+6OHRGLq0yIGGsbElDFurviSmNtJ5Ege2MqBnpVW8u/ud1UxPe+VMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nreuyVynfNCql6kUWRx7O4ByuwINbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AI93jLE=</latexit>

[1] R. Grupp et al., “Automatic Annotation of Hip Anatomy in Fluoroscopy for Robust and Efficient 2D/3D Registration,” arXiv:1911.07042 [cs, eess], Nov. 2019.

Credit: [1]
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