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SUMMARY

Identifying information on X-rays is essential in establishing a diagnosis and
planning a medical procedure. This process, usually performed manually by a
radiologist, is repetitive, time-consuming and can produce highly variable results.
The purpose of this work is to develop a fully automatic method based on
convolutional neural networks (CNN) to estimate the anatomical area of thirteen
lower limb landmarks on frontal X-rays. To estimate these anatomical areas, we
started with an automatic identi×cation of salient points in a database consisting
of 180 frontal X-rays. Knowing the relative position of the thirteen landmarks
points manually labelled by an expert, the proposed approach was to train a CNN
on the displacement of each salient point toward each of the thirteen landmarks.
Once training is complete, it is possible to predict and combine the displacement
of each salient point to estimate the probable area where the landmarks are likely
to be found. Mean Euclidean distances between the thirteen predicted points and
those identi×ed by an expert are 29 +/- 18 mm, which is acceptable for a reliable
identi×cation of the anatomical areas of each landmark.

Misdiagnoses
Identifying clinical information on X-rays—e.g. tibia, center of the femoral head, femur—is an essential task in medical
imaging to establish a diagnosis and plan a medical procedure. This task is often done manually by a radiologist, and is
therefore user-dependent. Also, X-ray-based diagnoses and interpretations depend mainly on the radiologist’s visual
perception and ability to identify existing clinical information [7], which contributes to misdiagnoses due to the high
level of noise usually observed on X-rays and the limited capacity of the human eye. In areas where multiple bone
structures are covered with soft tissue, it is sometimes dif×cult to visualize the actual clinical information.

In addition, the growing data Øow—many X-rays, too few radiologists—causes the radiologist visual fatigue: it
becomes more dif×cult to perform the work on time, resulting in increased waiting time for interpreted images [6].
These factors lead to a decrease in the quality of diagnoses, which can have negative consequences for the patient. A
study by [7] showed that 41% to 80% of fractures are misdiagnosed in emergency departments and that orthopaedic
injuries alone account for 75% of misdiagnoses. In order to reduce errors in diagnoses and data interpretation as well
as in waiting time, one solution would be to automate the manual and visual identi×cation of information performed
by radiologists or, in other words, provide a support tool that can assist with their diagnoses.

Imperfect Methods
Some work, [8] and [9], focused on providing a solution by developing semi-automatic methods, which still require
some manual tasks. These methods assist radiologists in their task of extracting clinical information and in making
diagnoses. All they have to do is roughly locate points or areas of interest, and these methods take care of the rest—
e.g., identifying the areas of interest. The problem with this type of method is that the end result usually depends on
the radiologist’s ability to locate points or areas of interest [7], hence the need to develop fully automatic methods.
Other work, [2] and [3], was conducted to automate the task of locating and identifying areas of interest on X-ray
images using methods like random forests, deformable contours, etc. However, automatic detection of landmarks and
characteristic areas for proper diagnoses remains an issue because of the quality of X-ray images—poor contrast
between overlapping objects [1], bone structures covered with soft tissue.

The objective of this work is to develop a fully automatic method, based on convolutional neural networks (CNN), to
estimate the anatomical area in which some landmarks of the lower limb can be seen on a frontal X-ray.
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Proposed Method
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Figure 1 Patches extraction

In order to obtain automatic estimates for the anatomical areas of thirteen landmarks—femoral head, proximal tibia,
distal femur, etc.—salient point must ×rst be automatically identi×ed—using the Irrera method, P. 2015—in a database
consisting of 180 frontal X-rays (see Figure 1). Patches measuring 93 x 93 mm centered over each salient point are
then retrieved. Knowing the relative position of the thirteen points manually digitized by an expert in relation to the
salient points, the proposed approach is to train a CNN on the displacement of each salient point toward each of the
13 landmarks (see Figure 2).
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Figure 2 Learning phase

Once the learning is complete, it is possible to predict and combine the displacements of each salient point—using the
DBSCAN [4] algorithm to estimate the probable area in which the landmarks are found on a frontal X-ray (see
Figure 3).

In order to evaluate the predictive ability of the proposed method, we cross-validated 180 X-rays. Mean Euclidean
distances between the 13 predicted points and those identi×ed by an expert are 29 +/- 18 mm, which is acceptable
for a reliable identi×cation of the anatomical areas of each landmark.
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Figure 3 Aggregation of predictions

Conclusion
We proposed an automatic approach to estimate the anatomical area of thirteen points of the lower limb on frontal
X-rays. This solution could be used in the near future to initiate semi-automatic approaches in estimating clinical
parameter values or 3D lower limb reconstruction. This work is currently being extended to other areas of the body
and to lateral X-rays. The idea is to have a tool capable of identifying anatomical areas and landmarks—e.g. center of
the femoral head, center of the diaphysis—on frontal and lateral X-rays in order to obtain a complete tool that can be
integrated in clinical practice.

Roseline Olory Agomma Author's pro×le

Roseline Olory Agomma is a PhD student in the Department of Software and IT Engineering at ÉTS. She is

conducting her studies at the Imaging and Orthopedics Research Laboratory (LIO)

Program : Software Engineering 

Research laboratories : LIO – Imaging and orthopedics research laboratory 

Carlos Vázquez Author's pro×le

Carlos Vázquez is a professor in the Department of Software and IT Engineering at ÉTS. His research interests

include image and video digital processing, stereoscopic and multiview imaging, 3D-TV systems, multiview

video coding, computer vision and GPGPU programming.

Program : Software Engineering  Information Technology Engineering 

Thierry Cresson Author's pro×le

Thierry Cresson is a research associate at the ÉTS LIO.

Program : Software Engineering 

Research laboratories : LIO – Imaging and orthopedics research laboratory 

https://substance.etsmtl.ca/author/roseline-olory-agomma
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=220
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1035
https://substance.etsmtl.ca/author/carlos-vazquez
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=220
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=223
https://substance.etsmtl.ca/author/thierry-cresson
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=220
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1035


8/8

Jacques De Guise Author's pro×le

Jacques de Guise is a full professor at the Department of automated manufacturing engineering at the ÉTS

and associate professor at the Department of surgery of the Université de Montréal faculty of medicine.

Program : Automated Manufacturing Engineering 

Research chair : Canada Research Chair on 3D Imaging and Biomedical Engineering  Marie-Lou and Yves

Cotrel Montreal University and ÉTS Research Chair in Orthopaedics 

Research laboratories : LIO – Imaging and orthopedics research laboratory 

Research chair : Marie-Lou and Yves Cotrel Montreal University and ÉTS 
Research Chair in Orthopaedics  Canada Research Chair 
on 3D Imaging and Biomedical Engineering 

Research
laboratories :

LIO – Imaging and orthopedics research laboratory 

Field(s) of
expertise :

Medical Imaging  Image Processing  Biomedical 
Engineering  Health Care Technologies  Computer Aided 
Surgery 

References

1. Behiels, G., Maes, F. et al, 2002. Evaluation of image features and search strategies for segmentation of bone structures in 
radiographs using active shape.

Chen, C., et Zheng, G., 2013. Fully Automatic Segmentation of AP Pelvis X-rays via Random Forest Regression and Hierarchical 
Sparse Shape Composition. Computer Analysis of Images and Patterns, p. 335-343.
3. Donner, R., Menze, B. H., et al, 2013. Global localization of 3D anatomical structures by pre-filtered Hough Forests and discrete 
optimization. Medical Image Analysis, vol. 17, no 8, p. 1304-1314.

4. Ester, M. and al, 1996. Density-based spatial clustering of applications with noise,” in [Int. Conf. Knowledge Discovery and 
Data Mining], 240.

5. Irrera, P., 2015. Low dose X-ray image processing, PhD thesis, Telecom ParisTech.

Lando, F., 2008. Les déterminants favorisant l’implantation d’un service de garde par téléradiologie: étude de cas.
Pinto, A. et Brunese, L., 2010. Spectrum of diagnostic errors in radiology. World journal of radiology, vol. 2, no 10, p. 377.
8. Sjögren, J., Ubachs, J. F., et al, 2012. Semi-automatic segmentation of myocardium at risk in T2-weighted cardiovascular 
magnetic resonance. Journal of Cardiovascular Magnetic Resonance, vol. 14, no 1, p. 10.

9. Chaibi, Y., Cresson, T., et al., 2012. “Fast 3D reconstruction of the lower limb using a parametric model and statistical 
inferences and clinical measurements calculation from biplanar X-rays.,” Comput. Methods Biomech. Biomed. Engin., vol. 15, no. 
5, pp. 457–66.

https://substance.etsmtl.ca/author/jacques_deguise
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=222
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=108
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=157
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1035
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=157
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=108
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1035
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=601
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=935
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=553
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=917
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=563
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=157
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=108
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1035
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=553
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=563


Images references

Radiologist image purchased on Istock.com. Protected by copyright.

The other images are from the authors. The Substance CC license applies


	Page vierge



