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At A Glance

Researchers developed an AI system to speed diagnosis and allow earlier treatment of wrist fractures.
The system had a sensitivity of 78% for detecting fractures and had a positive predictive value of 83%.
With further optimization, the researchers hope to extend the system to fracture detection in other bone structures.

OAK BROOK, Ill. — An automated system that uses artificial intelligence (AI) is effective at detecting a common type of wrist fracture on X-rays,
according to a study published in the journal Radiology: Artificial Intelligence. Researchers said the AI-derived algorithm could help speed diagnosis and
allow earlier treatment.

Scaphoid fractures are injuries to one of the small bones of the wrist that typically occur when people try to break a fall with their hands. They comprise up
to 7% of all skeletal fractures. Prompt diagnosis is important, as the fracture may fail to heal properly if untreated, leading to a host of problems like
arthritis and even loss of function.

Conventional X-ray is the imaging technique of choice for diagnosing scaphoid fractures, but it is often limited by overlap of the scaphoid with the
surrounding bones of the wrist. Variations in wrist positioning and X-ray technique can also limit the visibility of fractures.

"Consequently, scaphoid fractures can be overlooked during initial X-ray examinations," said study lead author Nils Hendrix, Ph.D. a candidate at the
Jeroen Bosch Hospital and Jheronimus Academy of Data Science in the Netherlands.
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Hendrix and colleagues recently studied a system that could aid radiologists in detecting these common fractures. The system is based on deep learning with
a convolutional neural network, a sophisticated type of AI that is capable of discerning subtle patterns in images beyond the capabilities of the human eye.

While previous research found that a convolutional neural network was inferior to human observers at identifying scaphoid fractures on X-rays, the new
study used larger datasets and further algorithm refinements to improve detection. It also employed class activation maps, which are AI tools that help users
understand what region of the image is influencing the network's predictions.

The researchers used thousands of conventional X-rays of the hand, wrist and scaphoid to develop the system. They tested it on a dataset of 190 X-rays and
compared its performance to that of 11 radiologists.

The system had a sensitivity of 78% for detecting fractures with a positive predictive value of 83%, which refers to the likelihood that patients the AI
identifies as having a fracture really do have one. Analysis showed that the system performed comparably to the 11 radiologists.

The system has significant potential in clinical use, Hendrix said. It could reduce the incidence and costs of additional imaging exams and unnecessary
therapy, speed up diagnosis and allow earlier treatment.

"The system may be able to assist residents, radiologists or other physicians by acting either as a first or second reader, or as a triage tool that helps
prioritize worklists, potentially reducing the risk of missing a fracture," Hendrix said.

Such assistance could prevent delayed therapy and reduce complications that may lead to a subpar clinical outcome, according to Hendrix.

"The convolutional neural network may also reduce unnecessary wrist immobilization, performed out of precaution, in more than half of the patients with
clinical suspicion for having a scaphoid fracture," he said.

The class activation maps were found to overlap with fracture lines in the scaphoid, suggesting they could be used for localizing potential fractures.

Hendrix and colleagues plan to expand the scaphoid fracture detection system so that it can combine multiple X-ray views for its predictions. They are also
conducting an experimental study in which radiologists are asked to identify scaphoid fractures on X-rays with and without the aid of the fracture detection
system.

The researchers hope to extend the system to fracture detection in other bone structures.

"Development and Validation of a Convolutional Neural Network for Automated Detection of Scaphoid Fractures on Conventional Radiographs."
Collaborating with Nils Hendrix were Ernst Scholten, M.D., Ph.D., Bastiaan Vernhout, M.D., Stefan Bruijnen, M.D., Ph.D., Bas Maresch, M.D., Mathijn
de Jong, M.D., Suzanne Diepstraten, M.D., Stijn Bollen, M.D., Steven Schalekamp, M.D., Maarten de Rooij, M.D., Ph.D., Alexander Scholtens, M.D.,
Ward Hendrix, M.Sc., Tijs Samson, M.Sc., Lee-Ling Sharon Ong, Ph.D., Eric Postma, Ph.D., Bram van Ginneken, Ph.D., and Matthieu Rutten, M.D.,
Ph.D.

Radiology: Artificial Intelligence is edited by Charles E. Kahn Jr., M.D., M.S., Perelman School of Medicine at the University of Pennsylvania, and owned
and published by the Radiological Society of North America, Inc. (https://pubs.rsna.org/journal/ai)
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RSNA is an association of radiologists, radiation oncologists, medical physicists and related scientists promoting excellence in patient care and health care
delivery through education, research and technologic innovation. The Society is based in Oak Brook, Illinois. (RSNA.org)

For information on X-rays, visit RadiologyInfo.org.
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Figure 1. Overview of the scaphoid fracture detection pipeline, which consisted of a segmentation and detection convolutional neural network (CNN). A
class activation map is calculated and visualized as a heatmap for fracture localization.
High-res (TIF) version

Figure 2. (a) Receiver operating characteristic curve for the detection convolutional neural network (CNN) (blue line), the average of radiologists (orange
line), and the radiologists with the highest and lowest areas under the curve (striped and dotted orange line) on Dataset 3 (95 fracture cases, 95 nonfracture
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cases). The shaded band represents the 95% CI. The black line represents no ability to discriminate between fractures and nonfractures. (b) Same ROC
curve for the detection CNN with individual operating points of the CNN and radiologists on Dataset 3.
High-res (TIF) version

Figure 3. Scatter plot of the confidence score of the detection convolutional neural network (CNN) versus the average confidence score of the radiologists
per fracture case (n = 95) and nonfracture case (n = 95) in Dataset 3. Fracture and nonfracture cases are respectively marked with a red and blue color
(ground-truth). The confidence scores range from 0 to 1, where 1 means absolute certainty that a fracture is present. Example radiographs where the CNN
and radiologists showed a high disagreement are shown next to the plot: (a) 17-year-old male with a proximal scaphoid fracture; (b) 21-year-old male with
a fracture of the distal pole of the scaphoid (volar and radial side); (c) 45-year-old female with an intact scaphoid with a slightly irregular radial side; (d) 13-
year-old female with an intact scaphoid with no irregularities.
High-res (TIF) version
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Figure 4. Examples of class activation maps (CAMs) for localizing fractures. The interpretation of the CAMs follows from the color coding of a heat map,
in which pixel regions with a warm color signify a greater influence on the final decision of the network than regions with a cold color. The yellow arrows
projected on the input images indicate the fracture lines, and they are only shown for reference.
High-res (TIF) version
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