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Summary: Presented work is aimed at the demonstration of the on-the-fly X-ray micro-tomography for in-
vestigation of deformation behaviour of human cancellous bone subjected to cyclic compressive loading. To
simulate physiological conditions, the sample was loaded and scanned inside of a bioreactor. The DVC method
was employed for the evaluation of displacement and strain fields.

1. INTRODUCTION

In biomechanics and bone tissue engineering, a proper description of the deformation behaviour of the natural
biological tissues is one of the most important tasks for assessment of the material and topological parameters
necessary for development of artificial bone replacements [1]. In this work, on-the-fly 4D computed tomography
was used for fast and high-resolution imaging of the compressive mechanical experiment. For this purpose, an
in-house designed table top loading device equipped with a bioreactor was used for the in-situ compression of
a cancellous bone sample in simulated physiological conditions [2]. Deformation characteristic were evaluated
using digital volume correlation (DVC) method on the reconstructed volumetric data.

2. EXPERIMENTAL METHOD

Sample of the trabecular bone extracted from caput femoris of human cadaver donor preserved by formalin
solution was subjected to mechanical loading. Cyclic compression of the cylindrical sample with height h =
16.5 ± 0.1 mm, diameter d = 20.0 ± 0.2 mm was performed using a custom designed uni-axial loading device
depicted in Fig. 1 (left) with integrated bioreactor module. The device was designed for mechanical testing
of materials during in-situ observation using X-rays, particularly the time-lapse computed micro-tomography.
Loading chamber of the device is made of thin carbon fiber composite tube because of its low attenuation of
X-rays, high stiffness, and high strength. The loading device has the loading capacity of 3 kN with 1µm position
tracking accuracy and sub-micron position sensitivity. Experiment was controlled by the proprietary LinuxCNC
software running on the real-time kernel [3].

∗e-mail: fila@itam.cas.cz
†e-mail: sleichrt@itam.cas.cz
‡e-mail: kytyr@itam.cas.cz
§e-mail: kumpova@itam.cas.cz
¶e-mail: vopalensky@itam.cas.cz
‖e-mail: zlamal@itam.cas.cz
∗∗e-mail: rada@itam.cas.cz
††e-mail: koudelkap@itam.cas.cz
‡‡e-mail: vavrik@itam.cas.cz



The sample placed in the bioreactor chamber was fully immersed in the circulating simulated body fluid
with temperature of 39±1 ◦C. The displacement driven compression test was performed at the constant loading
velocity of 0.25µ/s. After the initial compression, three loading/unloading cycles were performed in the force
range of 200 − 400 N. At the end of the experiment, the structure was compressed to the nominal engineering
strain of 2 %. On-the-fly measurement under continually changing load avoided specimen relaxation encountered
during standard time-lapse imaging. The radiograms were acquired using a flat panel X-ray detector Dexela
1512NDT (Perkin Elmer, USA). The semiconductor detector based on CMOS technology is equipped with an
oriented CsI scintillator. The active area of the detector is 145.4×114.9 mm2 with a pixel matrix of 1944×1536 px
and a pixel pitch of 74.8µm. The X-ray energy range of the detector 12 − 160 keV and rate up to 26 fps makes
the device suitable for fast imaging of biological samples. During the loading procedure, 20 tomographical scans
consisting of 800 radiograms per revolution were acquired. Based on the obtained data, volumetric datasets with
voxel size 17µm were reconstructed using filtered backprojection reconstruction algorithm (see Fig. 1 right).
To evaluate displacements and strains in the deforming microstructure, the DVC method was employed on
the reconstructed 3D images, where the DVC method is a generalization and extension of the two-dimensional
digital image correlation procedure to three dimensions.

Figure 1: Experimental micro-CT setup with integrated loading device (left), reconstruction of the initial
loading state (right)

3. CONCLUSIONS

Advantages of the on-the-fly micro-CT for evaluation of cancellous bone deformation behaviour were demon-
strated. One tomography was acquired in ≈ 160 s, which corresponds to less than 1 % deformation incre-
ment/decrement during one revolution of the sample. The DVC method was successfully used for the iden-
tification of the displacement and strain fields in the investigated bone structure from the 20 reconstructed
volumetric datasets.
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