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The diagnosis of traumatic rib fractures is of clinical importance as
these lesions are markers of severe injury. Whole-body computed
tomography has become standard practice in the management of
severely injured trauma patients, but the rate of missed diagnosis of
rib fractures is likely high. Therefore, it is necessary to improve the
rib fracture diagnosis accuracy on CT to reduce the error rate. This
justifies the development of new post-processing tools or artificial
intelligence (AI) algorithms that could help analyze and interpret
whole-body CT scans.

Traumatic rib fractures represent the most common injury sus-
tained following thoracic trauma [1]. Rib fractures are clinically rele-
vant injuries associated with significant pulmonary morbidity and
mortality, requiring prompt evaluation and management. The study
of a large retrospective cohort study by Peek et al. confirmed that
traumatic rib fractures must be considered as a surrogate marker of
severe injury leading to worse patient outcomes [1]. In this study, the
highest mortality rate was observed among patients with flail chest
(13.0%). Despite some controversies, the number of rib fractures is
frequently considered as an important predictor for overall trauma
severity and mortality. Moreover, first rib fractures are associated
with worse clinical outcomes [2].

Whole-body CT scanning is recommended as a standard of care in
the primary management of polytraumatized patients [3]. Thus, radi-
ologists are challenged to interpret thousands of images as quickly as
possible to identify life-threatening injuries accurately. In this
DOI of original article: http://dx.doi.org/10.1016/j.ebiom.2020.103106.
* Corresponding author at: Guilloz imaging department, CHRU of Nancy, University

of Lorraine, 54 000 Nancy, France.
E-mail address: a.blum@chru-nancy.fr (A. Blum).

1 Alain G Blum, MD, PhD, Service d’imagerie Guilloz, CHRU Nancy, 54 000 Nancy,
FRANCE.

2 Romain Gillet, MD, Service d’imagerie Guilloz, CHRU Nancy, 54 000 Nancy,
FRANCE.

3 Ayla Urbaneja, MD, Service d’imagerie Guilloz, CHRU Nancy, 54 000 Nancy,
FRANCE.

4 Pedro Gondim Teixeira, MD, PhD, Service d’imagerie Guilloz, CHRU Nancy, 54 000
Nancy, FRANCE.

https://doi.org/10.1016/j.ebiom.2020.103158
2352-3964/© 2020 The Author(s). Published by Elsevier B.V. This is an open access article un
context, it is not surprising that certain injuries deemed of secondary
importance are overlooked, especially in patients with multiple
accompanying injuries [3]. For instance, the missed rib fractures rate
may be as high as 20.7% [5]. Although the vast majority of missed
injuries are considered minor, as Pinto et al. stated, missed diagnoses
have potentially important consequences for patients, clinicians, and
radiologists [4].

To reduce the risk of errors, some authors advocate a double-read-
ing of the whole-body CT studies in patients with a high-risk for
missed lesions, notably those with injuries to two or more body parts,
older than 30 years or with a severe initial clinical status [3]. However,
double-reading may not be feasible in some institutions due to limited
human resources (radiologist shortage), the need for a prompt final
report, and the lack of financial compensation for this activity.

Unfolded rib reformation is a new post-processing tool that pro-
vides automatic curved multiplanar reconstructions of the ribs,
allowing the visualization of the entire rib cage in the same image
plane [6]. This tool is a substitute for the tedious process of rib-by-rib
analysis, allowing a faster and more accurate rib fractures diagnosis.
One of the main advantages of unfolded rib reformation is the rapid
fracture location assessment. In a study by Urbaneja et al., this tool
allowed a 27% to 54% reduction in reading time while maintaining a
similar diagnostic performance [7]. However, unfolded rib reforma-
tion requires an adequate training period to prevent interpretation
errors (e.g., fractures located at the rib extremities may be difficult to
identify) and differentiate between past and recent fractures.

A complementary approach comprises algorithms based on deep
convolutional neural networks (CNN). The number of CNN algorithms
for fracture detection on CT is limited, and there are only a few stud-
ies evaluating their clinical application. For Weikert and al., the CNN
algorithms reached a sensitivity of 87.4% and a specificity of 91.5% for
rib fracture detection on a per-examination level, and many true rib
fractures unmentioned on reports were detected [8]. Zhou et al.
showed that AI-assisted radiologists significantly improved their
accuracy for rib fracture identification (91.1% with AI assistance vs.
80.3% without assistance) with a reduction of the reading time [9].
Finally, the algorithm developed by Jin et al. and presented in the
recent issue of EBioMedicine, achieved a 92.9% sensitivity for rib frac-
ture diagnosis, which was significantly higher than that of radiolog-
ists (75.9 and 79.1%) [10].

These studies suggest that AI-assisted rib fracture diagnosis can
improve accuracy and reduce interpretation time with a potential
positive impact on radiologists’ workload. To be fully accepted by
radiologists, ideally, such algorithms must also be able to characterize
fractures to a certain extent (acute, healing, old, displaced), locate
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them precisely and generate a structured report, and above all, high-
light factors with a prognostic impact such as a flail chest, total num-
ber of fractured ribs and first rib fractures. Finally, it is important to
note that at this stage of development, these tools can assist radiolog-
ists but not replace them, mainly because some artifacts, such as
breathing artifacts, can generate false-positive diagnoses.

To conclude, current results on deep-learning-assisted rib frac-
tures detection are very promising, demonstrating that AI can be
seen as a “wingman” for image interpretation and should be inte-
grated into the radiology workflow.
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