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  Magnesium alloys have been proposed as implantable materials in orthopaedic, maxillofacial and 
neurosurgery due to their biocompatibility and biodegradability. Several favourable mechanical properties, 
like the Young modulus of Mg, close to that of the bone, and the ability to completely and safely biodegrade 
in the body, make them promising candidates as temporary bone implants. Magnesium, one of the essential 
elements of the human body, has high affinity to bone and it is known to stimulate the bone metabolism and 
to directly affect mineralization [1, 2]. Previous animal tests have shown positive bone responses and normal 
immunological reactions around Mg-based biodegradable implant [3, 4]. 

 Our experiment aimed to investigate the incorporation and corrosion process of Mg-alloys directly in 
the bone, in order to investigate how the bone growth is affected by the presence of the implant and whether 
the fast degradation process of Mg-alloys might have a stimulative effect. New aluminium-free Mg implant 
materials with tailored properties, specific for bone applications, might be developed.  

 Three different magnesium-alloys were produced at the Magnesium Innovation Center (MagIC) at 
the Helmholtz-Zentrum Geesthacht (HZG). In vitro cytocompatibility and the corrosion behaviour of the 
alloys were formerly tested in vitro [5, 6]. The three alloying systems were manufactured as mini-screws and 
implanted in rats, upon the ethical approval by the bioethics committee for animal experiments at the Ecole 
Nationelle Veterinaire D’Alfort, Masion D´Alfort, France. Titanium implants of the same macrogeometry 
were placed in the animals as controls. After 1 and 3 months of healing, bone-implant blocks were retrieved 
and dried with a critical point drying method, to preserve the tissues and to halt the corrosion process of the 
screws. The bone-implant blocks were measured by Synchrotron Radiation micro-computed tomography in 
order to determine the bone healing around the implants and the degradation process of the screws. 
Microtomographies were performed by the HZG at PETRA III, beamline P05. The Mg samples were 
analysed with the photon energy of 25 keV, while for the Ti samples a photon energy of 40 keV was utilized. 
A voxel size of 2,5 µm3 was chosen for all samples.  

 Three-dimensional pictures of the samples were generated by high-resolution 3D reconstructions 
using standard filtered backprojection algorithms and the VGL Studio Max software (Volume Graphics 
GmbH, Heidelberg, Germany) was used for visualization and preliminary segmentation.  Areas with 
different absorption coefficients were emphasized within the bone and the metal implants. Degradation 
process was evident for all Mg-alloys, though the degradation rate was different among materials. New peri-
implant bone formation was observed already after 1 month and increased in the 3-months samples.  

 On the tomograms we were able to visualize the screw-bone interface three-dimensionally, with high 
statistics and contrast-to-noise ratio. We obtained information on the mineralization and density of the newly 
formed bone in proximity of the implants by comparison with the density of the mature pre-existing bone. 
Thus, this imaging technique allowed assessing the osteoconductivity and biocompatibility of the novel 
alloys. At the same time, we were able to monitor the corrosion process of the screws at a microstructural 
level and directly inside the bone, as previously illustrated [7]. In addition, the samples were not damaged by 
this investigation method and were available for further evaluation techniques, such as un-decalcified 
histology. Non-destructive evaluation tests are highly desirable in the in vivo research to reduce the number 
of experimental animals.  



  A quantitative analysis of the microtomography will be performed to assess the corrosion pattern of 
the different materials over time and to quantify the bone formation and mineralization. However, from the 
observations made so far, we can conclude that the use of non-destructive SR-µCT is a very valuable tool for 
the visualisation of the Mg-based implants in bone and in particular to follow the corrosion pattern over time 
and the three-dimensional bone formation around the implants.  

 

Figure 1: High resolution microtomography of Mg-alloys manufactured as screw shape in rat bone. 
Different grey values inside the bone and the material are visible. The line and the arrows highlight the bone-

interface observable with this imaging technique. Bar 0.09 mm. 
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