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Semantic Labeling of Musculoskeletal Radiographs Using Deep Learning
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PURPOSE
Deep convolutional neural networks (CNNs) are rapidly advancing techniques in computer vision that allow rapid,
unsupervised feature learning and have potential clinical advantages including speed and consistency. Our goal is
to develop and validate a deep CNN system to automatically learn and recognize common musculoskeletal
radiographs.
 
METHOD AND MATERIALS
793 radiographs of major appendicular joints were exported and anonymized from PACS. Images were annotated
with 13 class labels: AP and lateral views of the ankle, elbow, foot, hand, and knee, AP views of the pelvis, and
AP and axillary views of the shoulder. To create a normalized dataset for training, we implemented an image
preprocessing step that adjusts window/level settings based on image bit depth and sharpens the image by
enhancing low contrast local image regions. We adapted a transfer learning approach and fine-tuned the weights
of ImageNet’s pre-trained AlexNet CNN to recognize 13 classes by continuing the backpropagation. For training
and validation, we used a hold-out approach (793 training images, 154 validation images). The deep CNN was
trained using Matconvnet on a 2.3GHz Intel Core i7 with 8GB of RAM and an NVIDIA GeForce GT 650M 285.
Training parameters: Momentum 0.9, Weight decay 3e-4, Epoch size 50, and batch size 50. Performance
accuracy was measured as percentage of correctly labeled class, and the top-5 error rate was the fraction for
which the correct label was not among the five labels.
 
RESULTS
The deep CNN performed with an accuracy of 97.4% on the test dataset. The top-5 error rate was 0%.
 
CONCLUSION
We have implemented a deep CNN that automatically classifies radiographs of major joints using DICOM images
from PACS. Future work could be extended to identify all radiographic images and views.
 
CLINICAL RELEVANCE/APPLICATION
Deep learning can enhance PACS through automated labeling of radiographs and identification of relevant
comparisons, improving hanging protocols and radiologist workflow.
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