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Introduction 
Chest exams on portable x-ray systems are increasingly used and remain one of the most frequently performed 
procedures. The positioning geometry of portable x-ray, as well as table top exams in a fixed x-ray room, pose a unique 
challenge in maintaining orientation of the detector with respect to the patient. In current standard of care, technologists 
must manually rotate the images to an upright position before sending them to PACS. To understand how prevalent a 
rotated chest x-ray images is, an analysis of 7,374 images acquired from four GE Healthcare Optima XR240amx portable 
x-ray device users was conducted. In average, >83% of all chest x-rays require an image rotation manual intervention to 
occur before sending the image to PACS.  To manually rotate an image 90˚ or 270˚ requires 3 user interface clicks, while 
a 180˚ rotation requires 4 clicks. We propose an AI algorithm to automatically detect if an image needs rotation and by 
how much; enabling the x-ray device to automatically perform the task. 
 
Hypothesis 
An AI algorithm can identify the orientation of frontal CXR and help reduce human operating errors. 
 
Methods 
Over 28,987 unique frontal chest x-rays were curated for training, 99% were AP view. The data was predominately from 
the public NIH dataset (89%), along with images from USA, Sweden, and Ireland. A data scientist manually reviewed 
each image to determine ground truth of four orientation classes: head up (0°), head left (90°), head down (180°), and 
head right (270°), respectively, see Figure 1. Rotated versions in all four orientations were generated and added to the 
training, totaling 115,948. A novel deep convolutional neural network was designed; composed of 7 blocks of 
convolutional filters, batch normalization, ELU, and max pooling. 1x1 convolution was used to reduce the number of 
channels in deeper networks. Data was split for training (80%) and validation (20%).  

  
 

Figure 1: Chest rotation quadrants used for multi-class labeling and the main representative angle indicated by the 
dotted arrows. 

 



Results 
Table 1 shows a multiclass confusion matrix analysis on 3,159 unique test images rotated in four orientations from USA, 
Sweden, and Ireland (excluding NIH data). The overall accuracy for identification of orientation was 99.4%, with the per-
class recall/precision for each class >98.8%. 
 

Table 1 Confusion matrix for the test dataset of 12,636 test images independent of the training dataset images. 
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Figure 2: (A) Example of correctly classified image as left rotated image (90 degrees CCW), (B) Example of 
misclassified case as 270 degrees CCW. The effect of incorrect shuttering at the bottom of the image being the likely 

cause of the misclassification. 
 
Conclusion 
We demonstrated the feasibility of a convolutional neural network in detecting the orientation of chest x-rays from a large 
international data set. We believe this is the first introduction of deep neural network in detecting orientation in chest 
radiographic images.  A deep learning algorithm that classifies the orientation on a CXR image could be implemented to 
automatically apply a rotation for a technologist to visually confirm. 
 
Statement of Impact 
AI is a feasible tool for detecting the orientation of chest x-rays and warrants further development to expand application to 
other anatomies and views. A simulation estimates that technologists at a medium to large size hospital, spend nearly 20 
hours, or 3 working days a year, doing 70,000+ manual clicks to rotate chest images on portable x-ray machines.  With an 
AI algorithm being 99.4% accurate, it is estimated that the 19.59 hours of manual “clicks” would be reduced to 7 mins a 
year, and the 70,512 clicks to 423 clicks. 
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