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Report:

Summary:

During this experiment we aimed at collecting a poghensive dataset on the nanostructural respdnse o
bone towards degrading Mg implant and 3D printetathe scaffolds. As these samples have a conditiera
size, this necessitated the use of high energikd®) to penetrate the sample.

We succesfully managed to collect 6 datasets omaheus systems and its controls and reconsthct t
SAXS tensor from it already.

Samples and setup

Setup:

We operated the beamline at 60 keV, as a tradetffden the accessible g-range, g-resolution and the
absorption in the sample. We used beamsizes oh@@20um for the scaffolds and Mg implant respetyiv
As the data acquisition strategy necessitatedagioatand a tilt of the sample in the beam diregtwe used
a Huber 511.1 eulerian cradle for that. We scanwiag carried out with the Aerotec y-stage and thbe z-
stage in a continous fashion at discrete samphgiesa. A Pilatus 2M CdTe detector was used fodéta
acquisiton with an exposure time of 20ms. As theeasary g-range from 0.2 to 20 hmequired a sample-
detector distance of 2000mm, we also used a vadlgimtube to reduce air scattering. The 1mm dianet
beamstop was glued to the exit window of the fligitte. We collected between 185 and 250 projecpens



sample. The setup allowed tilts of up to 40°. Idiadn, we also measured absorption tomography with
3.18um resolution at the same samples to be alslertect for absorption effects in the sample.

Samples

As not the complete Mg degradation sample set eadyrat the time of the experiment, we measuregd onl
one fast degrading ZX50 implant after 3 months ratdemur. In addition to that, we also investegha
sample set of 3D-printed scaffolds made of Ti andCZ in a sheep tibia. In total we measured twiediint
pore sizes of Ti, one pore size of Ti and a refegen implant sample.

Principal outcome

Thicknese

Figure 1 Bone remodeling around 3D printed Ti implants. 3D reconstruction of the bone alignment in the implant
region (right side) and the surrounding trabecular network from an implant in a sheep tibia. The 2D cut through
the volume highlights the complex arrangement in the pores and the determination of the mineral platelet
thickness allows to identify distinct zones in the centre of the implant channels of accelerated bone growth

Figure 1 shows an exemplary reconstruction of gogamith a 3D printed scaffold. The voids left inet
implant are clearly visible and one slice is takehto compare it to fit of the mineral plateletesas
obtained by a g-resolved reconstruction of the ndoma transfer and a subsequent fit of the t-paramet
We can already in our preliminary evaluation seedmanges in the t-parameter as well as in theedegr
orientation in the channels of the implant and a&mywptimistic that an in-depth analysis will prdgius
with even more insights.

Conclusions and further proceedings

We consider the expeirment to be highly succesfalcould establish the method of SAXS tensor
tomography at ID15, implement a setup and gatherhigh quality data on meaningful samples. Thst fir
reconstructions show already very promising featared we are confident that the further evaluaticime
data will allow us to learn a lot on the optimaldiiant design. It is anticipated to publish the Hesin an
appropriate journal. Furthermore we want to pourtttbe great support we got from the whole ID15&nte
during the preparation and the experiment. We waaspecially point out the great help from ouialoc
contacts Marco di Michiel, Gavin Vaughan and Stef@mecchia during the experiment.



