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1 Introduction

Due to their sensitivity to acquisition parameters, medical images such as magnetic resonance
images (MRI), Positron Emission tomography (PET) or Computed Tomography (CT) images
often suffer from a kind of variability unrelated to diagnostic power, known as the center effect
(CE) or domain shift. This is especially true in MRI, where units are arbitrary and image
values can strongly depend on subtle variations in the pulse sequences [2]. Due to the CE it
is particularly difficult in various medical imaging applications to 1) pool data coming from
several centers or 2) train machine learning algorithms requiring large homogeneous training
sets. There is therefore a clear need for image standardization techniques aiming at reducing
this effect. Considerable improvements in image synthesis have been achieved over the recent
years using (deep) machine learning. Models based on generative adversarial neural networks
(GANs) now enable the generation of high definition images capable of fooling the human eye
[5]. These methods are being increasingly used in medical imaging for various cross-modality
(image-to-image) applications such as MR to CT synthesis [3]. However, they have been seldom
used for the purpose of image standardization, i.e. for reducing the CE [4]. In this work, we
explore the potential advantage of embedding a standardization step using GANs prior to knee
bone tissue classification in MRI. We consider image standardization as a within-domain image
synthesis problem, where our objective is to learn a mapping between a domain D constituted
of heterogeneous images and a reference domain R showing one or several images of desired
image characteristics.

2 Methods

Eleven T1-weighted knee MR images were collected from the Brest University Hospital, France
(denoted as I01 to I11). Images belonged to different studies and were produced using differ-
ent pulse sequences, showing a large variability in terms of properties such as slice thickness,
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in-plane resolution or bone-to-soft tissue contrast (Fig. 1a). To perform image standardiza-
tion, we trained a 2D CycleGAN neural network architecture [7] on sagittal slices to learn a
mapping between I05, taken arbitrarily as the reference domain R, and the remaining subjects
constituting domain D. Due to the unbalanced nature of the two domains, in order to reduce
overfitting of D to R, data augmentation of R was performed using 3D rotations and flipping
prior to 2D slicing. To further prevent overfitting, an unusually short training time of 30 epochs
was set using Adam optimizer, based on our prior observations that image style is transferred
before structure [4]. The trained network weights were then applied in a feed forward fashion
for inference on the remaining images. Note that no distinction was made between training and
testing set due to the nature of the objective pursued.

3 Experiments and results

To evaluate the effect of image standardization on bone tissue classification, we studied the
performance of a random-forest classifier [1] trained using bone intensity values of I05 on the
remaining subjects before and after the proposed standardization step. For evaluation purposes,
bones were manually segmented by an expert using ITK-SNAP [6] to produce segmentation
masks for all eleven subjects. After standardization, image quality was visually more satisfying
with improved homogeneity in image properties such as similar bone-to-soft tissue contrast
across subjects (Fig. 1b). No noticeable overfitting to I05 could be observed suggesting good
preservation of individual structures. The bone probability maps showed a stronger agreement
with actual bone tissue (Fig. 2a) compared to non-standardized data, for which the bone tissue
was almost completely missed in some subjects (Fig. 2a). These observations were confirmed
quantitatively with an average bone probability of 0.16± 0.18 without standardization against
0.43± 0.04 after the proposed standardization step.

4 Conclusion

We have studied the impact of a novel image standardization technique based on deep generative
learning to reduce the center effect in knee MR images for improved automatic bone-tissue
classification. Preliminary results using random forest classification showed a clear beneficial
impact of the proposed GAN-based image standardization approach. Further experiments will
be conducted to validate the method more extensively using fully automatic bone segmentation
pipelines based on recent deep learning segmentation architectures.
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(a) Before standardization.

(b) After standardization.

Figure 1: Effect of GAN-based image standardization on a heterogeneous dataset of 11 knee
T1-weighted MR images. Image I05 (left column, middle row) is chosen for target.
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(a) Bone tissue probability before proposed image standardization approach.

(b) Bone tissue probability after proposed image standardization approach.

Figure 2: Corresponding bone tissue probability maps using a random forest classifier trained
on before and after image standardization.
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