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Introduction

High-resolution peripheral quantitative computed
tomography (HR-pQCT) can provide important
information about age-related changes in bone
microstructure and strength [1]. However, in elderly
patients, uncontrollable tremors often induce motion
artefacts that affect the accuracy of HR-pQCT
measurements [2]. Repeat acquisition protocols are
commonly used to address this issue; nevertheless, they
are ineffective in these patients, resulting in motion-
blurred and streaked images. Deblurring these scans
computationally is a severely ill-posed inverse problem.
Therefore, we present a deep learning approach to
suppress motion-induced artefacts in HR-pQCT scans.

Methods

HR-pQCT scans of 13 patients scanned biweekly for
five weeks (XtremeCT Il, Scanco Medical, 60.7 pum, 68
kV, 1470 pA, 43 ms) were obtained from a previous
study [3]. Motion scores of all scans were assessed on a
scale of 1 (no visible motion artefacts) to 5 (major
streaks) [1]. Scans with a score of 1 were classified as
high-quality (HQ), while those with a score 2 or less
were classified as low-quality (LQ). 15 LQ-HQ scan
pairs were 3D registered and divided patient-wise into
80% train, 10% test, and 10% validation datasets. Our
filtering approach used a generative adversarial network
(cycle-GAN) as the building block [4]. It enforced the
cycle consistency using the least absolute deviation (L1)
to establish a nonlinear end-to-end mapping from LQ
input images to denoised and deblurred HQ outputs. To
quantify the signal recovery after motion-filtering, we
calculated a signal-to-noise ratio (SNR) by fitting two
Gaussian distributions to values corresponding to bone
(signal) and soft-tissue (noise). Further, a peak-SNR and
structural similarity index were calculated between LQ,
HQ and filtered LQ pairs to assess degradations of
structures within the image. Finally, three blinded
operators evaluated motion scores of the validation
dataset in random order. Fleiss' kappa (k) was used to
assess inter-rater reliability between operators before
and after filtering.

Results

We found structural similarity index (0.67+0.03) and
peak-SNR (21.43+1.03) were not significantly different
between LQ and HQ images. However, the mean SNR
was significantly higher in HQ (15.83+1.10) compared
to LQ (13.49+0.91, p<0.01), promoting SNR as an
evaluation target. Our motion-filtering approach

consistently improved the SNR of LQ images to
15.39+0.92 (p<0.01, Fig. 1A), comparable to that of HQ
(15.83+1.10). Visually, images were denoised and
deblurred; yet, the network failed to resolve severe
artefacts (cortical breaks). Finally, operators graded LQ
images better (Fig. 1B) and more consistently after
motion-filtering, with « increasing from 0.162 to 0.237.
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Fig. 1: SNR (A), motion score (B), and visual (C)
improvement of validation data after motion-filtering.

Discussion

Using paired in vivo scan-rescan data, the proposed
cycle-GAN method produced promising results in
preserving anatomical information and suppressing
moderate motion artefacts in HR-pQCT images after
acquisition. Severe degradations, causing breaks in the
cortex, were not fully resolved, but visual evaluations
confirmed that our proposed method improves image
quality. Future studies should assess how this method
impacts the diagnostic quality of density and
morphology measures. Overall, this work offers
stakeholders a realistic methodology for improving
current HR-pQCT datasets such that tools for analysing
trabecular structure can be used more effectively.
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