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Imaging the orientations of crystallites in bone require the usage of synchrotron X-ray radiation, which is a limited resource
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for researchers. Thus scans have historically been limited to either small regions or few samples. In the present study, we

scan 16 full frontal cross sections of mouse femora. This makes it possible to study structure, orientation, and composition,

statistically across many different bones and animals, while preserving the structural context. From the following analysis,

we can deduce that while the trabecular bone in the shaft have a larger fraction of oriented crystallites than other regions

in the bone, the oriented fraction is more well alligned in the cortical bone in the shaft compared to other regions in the

bone. We also see that the crystallites in the cortical and trabecular bone are longer than those in the femoral head and the

condyle. The study also shows a larger Sr content in the cortical bone compared to other regions, and a larger Zn content in

the femoral head compared to other regions of the bones. This study shows the need and possibility of scaning larger regions

to understand bioinorganic materials.

Introduction

Bone is a highly hierarchical material with different structures
across different length scales'™. These, different structures
require the use of a wide array of techniques to understand the
material. Among these techniques options such as puXRF>78,
UXRD%22, and puSAXS!3-16 have been proven to provide useful
information. All these techniques require synchrotron
radiation. Hence the experimental time is inherently limited,
which in turn has historically limited the scope of studies
conducted with these techniques, in regard to sample size.
Studies have traditionally either focused on a few or singular
samples®>17, or instead electing to scan multiple smaller
regions of interest across many samples!®81°  These
approaches do without a doubt produce highly valuable results
and provide a great insight into the materials of study. Yet there
is an inherent statistical limit to approaches focusing on small
regions or lone standing samples.

Scanning only small regions means that the biological variations
within a full sample are easily lost or overlooked, and scanning
only single samples makes it impossible to perform statistical
analysis.

These limits have been inherent to the collection of the data,
but with the increase in flux at synchrotron facilities made
possible by the advent of 4th generation synchrotrons such as
MAX IV2° and the ESRF EBS?!. And the continued development
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of detector technology, scan speed can be greatly increased at
modern facilities. With these developments, it is now possible
to scan larger areas with a higher resolution than previously
achievable. In the present study, the DanMAX beamline at MAX
IV is utilized to scan 16 full frontal cross sections of mouse
femora from different animals, with a 15x15 pm?2 pixel size,
providing a high degree of details, Across full samples. The aim
of the study is to examine how bone parameters vary on the
larger scale, across different regions of bone. We expect to see
that different regions of bone will have different structural
parameters e.g. not all regions will have the same orientation,
crystallite size, or composition.

Material and Methods

Sample preparation

Femoral bones from C53BL/6 mice, raised for other studies2223,
were prepared. Here only bones from wild type mice were used.
3 groups of mice were used. Two groups of Female mice,
sacrificed at ages 24 weeks (N=6) and 36 weeks (N=4)
respectively, and 1 group of male mice, sacrificed at age 36
weeks (N=6) were scanned. Collection of mice bone was
approved by the Animal Care and Use Committee of Nagasaki
University Graduate School of Biomedical Sciences No.
1903131520-2. The mice had free access to tap water, were fed
standard feed (CLEA Japan, Tokyo), were kept in cages of three
mice. With a 12-h day-night cycle. The mice were kept in a
pathogen-free environment.

After their sacrifice, the femoral bones of the mice were
extracted before being embedded in Technovit 77200 VLC
(KULZER, Germany) later being sliced using a bandsaw K-100
(HOZAN, Japan) to a thickness of 2 mm. The bones were then
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polished using abrasive Si paper of increasing grit (#2400 —
#4000) (Presi, France) until they reached a final thickness of
150-200 pm.

Synchrotron X-ray experiments

XRD and XRF mapping experiments were done at the DanMAX
beamline at the MAX IV synchrotron. The samples were
mounted on Kapton tape (DuPont, USA) on aluminium frames.
Before being scanned with a pencil beam of either size
21.6%x36.0 um? (VxH) with a flux of 9x10*! ph/s or size 33.6x30.0
um? (VxH) with a flux of 8x10% ph/s. As the samples were
scanned across two visits requiring a refocusing in between. A
sample to detector distance of 350 mm was used. The samples
were scanned using an energy of 25 keV allowing XRF from both
Ca, Sr, and Zn. A 3 mm W beamstop was used. The beamstop
was filled with Al to block the W L XRF as this signal would
overlap with the Zn K lines in the spectra. A Pilatus X3 2M CdTe
detector (Dectris, Switzerland) was used to measure XRD. For
the XRF signal a RaySpec Silicon drift detector (RaySpec,
United Kingdom) was used.

The Samples were scanned using flyscans with a step size of
15x15 pm? and an acquisition rate of 40 Hz. This rate was
chosen to get high quality data for the orientation analysis. For
unit cell parameters and XRF data alone a faster acquisition time
could have been used. For every sample the full femur was
scanned, with a total scan time of 2—4 h per sample. A sample
XRF spectrum is shown on Fig. 1(a), The Iron signal stems from
organic material, and is localized inside the marrow cavity. The
corresponding diffraction pattern is shown in Fig. 1(b). In total
more than 5 million data points were measured.

Dose calculations

Dose delivered to the sample can be a induce damage to the
samples when studying biological structures?*. To avoid
damage, we aim to stay below a dose of 5 kGy?42>, To calculate
the deposited dose, the following formula can be used?%27;

PAct
d =
m

Where @ is the photon flux, A is the absorbed fraction of light
A =1— et (i the attenuation coefficient, d the sample depth),
€ is the energy of the beam, t the time the beam is on the
sample, m is the mass in the beam. For bone we assume 50 %
v/v HAp, as an overestimate’-28-31, and a density of p=1.8 g/cm3,
resulting in an absorption coefficient3? of u=5.79 cm™. This
results in a dose of 1.67 kGy, including that the beam is larger
than the step size such that every point sees approximately two
exposures. This dose is below the limit of 5 kGy for
bone?425:33.34 While collagen is not a part of the present study,
it should not be affected adversely by such a low dose, leaving
the bone unaffected. HAp is capable of withstanding a much
larger dose before being affected in the MGy range?*.
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Figure 1: Examples of raw data. X-ray fluorescence spectra of a single point (red) and
average of a region (black). Elements marked with dashed lines from left to right: Ca, Fe,
Zn Sr. Fe is only present outside the bone (a). XRD from the same point as in a. red line
shows a fit to the 002 peak (b).

Data Analysis

The XRD experiments were calibrated using measurements of
LaBs in conjunction with pyFAl-calib3>3%. The data was
integrated using the MatFRAIA pipeline used at MAX IV37. The
XRF energy was calibrated using the elastic peak and the Ca K
peak present in bone. The XRF spectra were fitted using
pyMCA38 with a custom batch fitter. The major components
were Ca, Zn, and Sr, these elements where extracted. Maps of
all samples scanned are shown in Fig. S1.

Crystallite parameter calculation

The HAp peak (002) was fitted using a Gaussian distribution and
a local background subtraction as shown in Fig. 1(b). Using the
scattering angle and the full width half maximum (FWHM) of
the peak, the unit cell c-axis and the apparent crystallite size
parallel to the crystallographic c-axis (ACS.) can be calculated
through  Braggs law3? the Scherrer equation4%41,
respectively. As systematic peak broadening was not taken into

and

account, the ACS, presented is a lower bound for the crystallite
size. Maps of the unit cell c-axis and the ACSc is shown for all
samples in Figs. S2 and S3 respectively.

Crystallite orientation analysis

The raw data was integrated into both 1 (Fig. 1(b)) and 180
azimuthal bins for analysis of crystallite parameters and
orientation respectively. The process of finding the orientation
is shown in Fig. 2. a raw detector frame and the azimuthally
resolved integration are shown in Fig. 2(a) and (b) respectively.
The azimuthally resolved (002) peak was extracted from the
dataset with 180 azimuthal bins. The (002) peak was then
analysed using angular Gaussian fits'®37, as seen in Fig. 2(c), to
extract the degree of orientation (DoO) and the FWHM of the
oriented fraction of the crystallites, or the orientation
distribution function FWHM (ODF FWHM). In the 002
orientation maps, the Hue represents the crystallite 002
orientation, in the lab frame, the Saturation shows the DoO, and
the value shows the total intensity in the point, as seen in Fig.
3(a). Orientation maps for all samples are shown in Fig. S4

This journal is © The Royal Society of Chemistry 20xx
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Figure 2: Orientation analysis. Raw detector frame (a). Azimuthally resolved detector frame after integration. The red box indicates the (002) peak, which shows the c-axis orientation
of the apatite crystallites (b). Local background subtracted (002) orientation signal. The dots show the data, line shows fit. The position of the peak gives the orientation, the ratio

loriented/ (loriented*|random) 8iVes the DoO and the total signal is the sum of the red and blue areas (c).

Statistical analysis

Each bone was segmented into the regions including trabecular
bone in the shaft (Tb), cortical bone in the shaft (Ct), femoral
head (Fh), condyle (Cn). In very few cases, the frontal sections
included cortical bone instead of the marrow cavity visible in
Fig. 3. This cortical bone is viewed from a different orientation
compared to the Ct visible in Fig. 3, and hence different
crystallites can be probed in such section, due to the scattering
criterion (q=ksk;). Thus, the parameters measured in this
cortical bone might differ from the parameters measured in the
Ct marked in Fig. 3. This cortical bone is only visible in few
samples, and thus this region has been segmented out, and is
not used in the statistical analysis. Suitable regions of all four
bone regions are still found in such samples, and hence these
regions are still used. After the segmentation the mean of a
parameter of interest was taken for all points in that region of
the bone. The tested parameters were DoO, ODF FWHM, c-axis,
ACS,, Ca K, Sr K, and Zn K. These parameters are neither
normally nor log-normally distributed, Kruskal-Wallis*2 was
hence used pairwise to test the Hy hypothesis that the
parameters from different regions of bone have the same value
(Rejection of the Hqy hypothesis with *p<0.05 and **p<0.01). As
each bone is scanned in full, all sections are present for all
bones, which results in N=16 for all four bone regions. To check
which regions of bone had the smaller or larger value for a
parameter, Vargha—Delaney A effect size*3 (VDa) was used.
Note that due to the nonparametric nature of both the VDa and
the Kruskal-Wallis, they can produce identical results for
different datasets. This is an inherent feature of using ranking
to compute the statistic values.

Results

Analysis of the measured data resulted in maps of various
parameters, as shown in Fig. 3. All maps of all samples are
shown in the supplementary information. An example map of
the 002 orientation is shown in Fig. 3(a), it is seen that the major
002 orientation of the HAp is along the long axis of the bone.
This is as expected based on other studies of bone structure*.
It is also clear that the DoO and total intensity seem smaller in
the Cn and Fh compared to the Ct, the Tb are not visible. This is
due to them having a small Intensity, as they are thinner than
the full sample, the trabeculae naturally have a smaller
scattering volume.

The XRF data show that all three elements are present
throughout the samples, although the Sr is concentrated in the
Ctin the present sample, as seen in Fig. 3(b). The computed unit
cell c-axis varies throughout the sample, but stays within a
narrow band, across all sample, the standard deviation of the
unit cell c-axis is 0.04 A. This variation is expected4546, as the c-
axis of HAp in bone is known to be ~6.88 A. The fluctuations in
the unit cell value arises mainly from the variations in
composition of the bone®#78, However, near the edge of the
samples the uncertainty increases, making exact determination
of the unit cell c-axis difficult.

This can be seen clearly on Fig. 3(c), as the edges are too bright
to fit within the colour scale. For this reason, the edge is not
included in further statistical analysis of the unit cell c-axis and
the ACS. parameters. An example of the segmentation is shown
in Fig. 3(d). Segmentation maps for all samples are shown in
Fig. S5.
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Figure 3: Scan of the frontal section of full femoral bone. (002) Orientation map, showing hue: orientation, saturation: degree of orientation, and value: total
signal, based on the Hydroxyapatite (002) peak (a). XRF data showing Red: Ca, Green: Sr, Blue: Zn (b). Unit cell c-axis shown from 6.875 A to 6.890 A on the colour scale shown
on the bottom of the figure (c). Segmentation of the bone with yellow: trabecular bone in the shaft (Tb), blue: cortical bone in the shaft (Ct), green: Aeimeratihead

(Fh), and red: condyle (Cn) (d).

Discussion
Fluorescence data

Statistical comparisons of the XRF signals are done using
Kruskal-Wallis tests, these comparisons of the different XRF
signals are shown in Fig. 4. XRF data for all regions of the bones
have been compared based on the segmentations shown in Fig.
3(d). However, it is worthwhile to note, that the Tb is much
thinner than the other regions, as Tb are typically thinner than
the sample thickness of 150-200 pm. This leads to the Tb having
a smaller effective cross section compared to other bone
regions. This effect is smallest for the Ca signal, due to the
escape depth of Ca in bone of ~23 um#°. While the effect is
smaller for the Ca signal compared to other signals, it is still
present, leading to a lowered absorption cross section. This
variance in thickness between the Tb and other bone regions,
mean that Tb have a significantly smaller XRF signal when
compared to the other regions of bone for all elements
measured, as the thicker bone regions effectively have a larger
absorption cross section. This difference in absorption cross
section leads to Tb being statistically significantly lower for all
elements, however, it does not affect the relationship of the
other regions. While the difference between Tb and the other
bone regions are thus expected, the p values are provided for
completeness:

For Ca: Tb v Ct **(p=1.4-10%), VDa=0; Tb v Fh **(p=1.7-10°),
VDa=3.9-103; Tb v Cn **(p=3.0-10°), VDa=0.016; Ct v Cn
*(p=0.016), VDa=0.75, shown in Fig. 4(a). No other significant
differences. Beside the expected difference for the Tb, we also
see a difference between Ct and Cn with Ct generally having a
higher Ca content than Cn. This could indicate that the Ct is
more mature in comparison to the Cn, and thus has a higher
degree of mineralization, but the exact mechanism is outside
the scope of the present work

For Sr: Tb v Ct **(p=1.4-10"°), VDa=0; Tb v Fh **(p=1.7-10°),
VDa=3.9-103; Tb v Cn **(p=1.7-10°), VDa=3.9-103; Ct v Fh
**(p=4.7-10-3), VDa=0.79; Ct v Cn **(p=1.0-10"%), VDa=0.90; Fh
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V Cn *(p=0.045), VDa=0.71, shown in Fig. 4(b). With no other
significant differences. Ct generally has more Sr than both the
Fh and the Cn, this aligns with the intuitive impression one
might have from Fig. 3(b). An explanation for this could likewise
bee that the Ct is more mature, but finding the exact
mechanism of the variations is outside the scope of the present
work.

For the Zn signal: Tb v Ct **(p=6.1-10), VDa=0.031; Tb v Fh
**(p=1.0-10"%), VDa=0.043; Tb v Cn **(p=2.0-10%), VDa=7.8-10"
3, Ct v Cn **(p=5.3-103), VvDa=0.21; Fh v Cn *(p=0.019),
VDa=0.26; shown in Fig. 4(c). Note here, as mentioned in the
methods section, that due to the nonparametric nature of both
the Kruskal-Wallis test*2, and the VDa parameter*? along with
their use of ranks for computing their statistical values, these
parameters can be the same for different datasets, so long as
the datasets have the same sorting order. Hence why the p-
value and VDa are identical for Tb v Ct and Tb v Fh for the Zn
comparison. This analysis shows that the Zn level is statistically
higher in the Cn compared to the other regions. As Zn is known
as a growth indicator in bone®. This indicates an increased bone
growth activity in the Cn compared to other regions of the bone.
This combines with the observed differences in the Sr and Ca
levels, to show that the Cn is less mature than the other regions
of bone, while the Ct is possibly the most mature bone

As expected, we see that the Tb have a significantly lower
amount of all the elements studied here, most likely due to the
smaller effective absorption cross section. Between the other
regions of the bone, we see a clear difference in the between Ct
and Cn for Ca, Ct and both Fh and Cn for Sr, and Cn and both Ct
and Fh for Zn. Possibly indicating a difference in bone maturity
between the different regions. This could be important for the
effect of e.g. implants, and thus it shows the importance of
studying either all regions or ensuring that the region of study
is similar to the region of relevance, when studying the effect of
e.g. coated implants*®-31 or structural effects of different animal
models?3>32, As the composition is dependent on the location
that is studied and hence could influence the response.
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Figure 4: Statistics analysis of XRF data. Ca (a). SR (B). And Zn (c) a solid line significance level * (p<0.05) whereas a dashed line signifies a difference a different significance level **

(p<0.01). Black dots show outliers.
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Diffraction data

Statistical analysis was carried out in the same fashion for the
parameters obtained from the XRD measurements. For the
orientation of the 002 HAp peak there are two parameters of
interest: The DoO is the fraction of crystallites that are oriented
compared to the total amount of crystallites in the
sample!#37.53, The DoO shows which part of the crystallites are
oriented, as shown in Fig. 2(c). Thus, the DoO this is a useful
measure to understand the amount of texture throughout the
sample. However, it does not show the alignment of the
crystallites in the oriented fraction of crystallites. The effect of
the DoO on the orientation distribution is shown by going up
and down in Fig. 5. The alignment of the crystals stays constant,
but the DoO increases from bottom to top in the figure. For that
we must utilize the sharpness of the orientation distribution.
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This is done by the ODF FWHM parameter. This parameter
shows how uniformly the oriented fractions of the crystallites
are distributed across the circle. The effect of the ODF FWHM
on the orientation distribution is shown by going left-right in Fig.
5. The DoO does not change, but the FWHM decreases going
left to right. Using a combination of these two measures it is
thus possible to study both the size of the oriented fraction of
crystallites, and how well aligned the crystallites in these
oriented fractions are. A smaller ODF FWHM leads to a larger
alignment.

Unlike the XRF data, where the relative thickness of the Tb
compared to the other bone regions meant that the comparison
does not hold much information, the thickness does not impact
the crystallographic parameters to the same degree, as the
measurements utilized here are geometrical in nature, and the
difference in resolution from the different thicknesses are not
problematic for the present experiment>4.

For the DoO: Tb v Ct *(p=2.3-10"3), VDa=0.82; Tb v Fh
**(p=1.4-10%), VDa=1; Tb v Cn **(p=1.4-10%), VDa=1;

Figure 5: Effect of Degree of Orientation (DoO) and ODF FWHM (shown as sharpness) on
the orientation distribution. Going up and down on the figure changes the DoO but not
the sharpness. Going left and right on the figure shows the changes in sharpness at a
constant DoO. DoO is shown in every figure in the small circle. Red area is oriented. Blue
area is randomly oriented.

Ctv Fh **(p=3.0-10%), VDa=0.98; Ct v Cn **(p=1.4-10%), VDa=1;
Fh v Cn **(p=1.2-10%), VDa=0.95; shown in Fig. 6(a). Here we
see that all groups differ significantly. Indicating that the degree
of orientation is highly dependent on the region of the bone
measured. From the VDa parameters, it is clear, that the data
can be bunched into two groups: the Tb and Ct are consistently
more oriented than Fh and Cn.
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Figure 6: Statistics analysis of diffraction data. With the Degree of Orientation (DoO) mean (a). Orientation distribution function FWHM (b). Unit cell c-axis (c).
Aparant crystallite size parallel to the c-axis (d). A solid line shows a significance level * (p<0.05) whereas a dashed line shows a significance level of ** (p<0.01).

Black dots indicate outliers
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While the Fh is mostly more oriented than the Cn, there is some
overlap between the distributions, in the same manner there is
an overlap between the distributions of Tb and Ct. As the long
bone needs to carry the full load, and the other regions need to
transfer it in different directions, there could be a difference in
mechanical load direction, and hence a different need for DoO
in the different sections. Sectioning the bone from other
directions might show a larger DoO in the Fh and Cn, as we are
only probing the crystallites not parallel to the beam. Finding
the underlying mechanism for the variation in DoO across the
different regions is outside the scope of the present work.

For the ODF FWHM: Th v Ct *(p=0.010), VDa=0.77; Tb v Fh
**(p=4.0-10"%), VDa=0.13; Tb v Cn **(p=1.7-10%), VDa=3.9-103;
Ctv Fh **(p=1.4-10"°), VDa=0; Ct v Cn **(p=1.4-10%), VDa=0; Fh
v Cn **(p=1.5-10), VDa=0.051; shown in Fig. 6(b). The ODF
FWHM shows that the highly oriented regions in the bone are
also the region with a more aligned crystallite population, that
is to say: the oriented fractions of crystallites in Ct and Th are
more co-aligned than the oriented fraction of crystallites in the
Fh and Cn. However, the VDa between Tb and Ct show that the
Ct has a smaller ODF FWHM, this is in contrast to the DoO where
the Tb was larger. Showing that the Ct, while having more
randomly oriented crystallites, have a more uniform orientation
for the oriented fraction of the crystallites. If the Tb is in the top
middle on Fig. 5, Ct would be in the right middle.

For the unit cell c-axis: Tb v Cn *(p=0.046), VDa=0.71; Ct v Fh
**(p=2.3-103), VDa=0.82; Ct v Cn **(p=8.0-10"*), VDa=0.85;
shown in Fig. 6(c). The unit cell c-axis is mostly similar for all
bone regions. The Tb has a larger unit cell than Cn. The Ct does
have a larger unit cell compared to the Fh and Cn. One
explanation for the observed difference could be when the
bone was grown, as slight variations in the animal diet could
change the unit cell, due to inclusions of different trace
elements?’48, From the XRF data, we know that the Ct has the
highest level of Sr. Inclusions of Sr in the HAp lattice should
increase the unit cell c-axis®>>=>’. Hence the elevated unit cell c-
axis, and the elevated Sr level, indicate that the unit cell is
substituting for Ca in HAp rather than being present outside the
mineral.

For the ACS.: Tb v Ct **(p=5.9-103), VDa=0.21; Tb v Fh
**(p=1.4-10%), VDa=1; Tb v Cn **(p=1.4-10°), VDa=1; Ct v Fh
**(p=1.4-10°), VDa=1; Ct v Cn **(p=1.4-10°), VDa=1; Fh v Cn
*(p=0.022), VDa=0.74; shown in Fig. 6(d). Again, there is a clear
difference between the Tb and Ct in comparison to the Fh and
Cn. While both groups are internally significantly different, with
Tb having generally shorter crystallites compared to the Ct, and
the Cn generally having smaller crystallites than the Fh, there is
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no overlap between the ACSc for Tb and Ct together and Fh and
Cn. By comparing the ODF FWHM and ACS, (Fig. 6(b,d)), it seems
that the more well aligned crystallites correlate with longer
crystallites. However, this could also in part be due to the
difference in elemental composition across the different
regions of bone, as it has previously been shown that an
increased Sr content can increase the crystallite size!®.

Both the XRF and XRD data show a large variance in structural
and compositional parameters across the different regions in
the bone. Bone mineral properties are of high importance for
the mechanical properties of the bone; hence it is important to
understand the effect of animal models, treatments, and
diseases of bone structure. If a disease has a large effect on the
orientation of the crystallites, it could change the mechanical
strength of the bone, understanding the underlying cause could
lead to potential treatments. It has been shown that knocking
out osteocalcin influences the orientation of the HAp
crystallites?223, If a model or treatment shows such an effect, it
can decrease the stability of the bone. Typically bone mineral
density is used as a measure for the strength of bone. However,
if a treatment loses the bone strength while the mineral density
is kept constant, this can be difficult to discover. As the
parameters vary across the bone, it is important to scan across
the full bones to capture the full variation. Hence this study
shows the importance of being aware of the regions when
designing studies utilizing either uXRF or uXRD. Taking the
regions into account can be achieved in different ways: ensure
that the regions of interest scanned are spread across different
regions or represent fully the question of interest. Or ensure
that all regions in the bone are tested when doing experiments.
With modern 4th generation light sources, such as MAX IV2° or
the ESRF EBS?}, it is now possible to carry out these experiments
over a much larger area, and thus to do statistical analysis on
scans on full bones e.g. at the DanMAX beamline at MAX IV, as
shown here. Beamtime at synchrotrons is still a limited resource
for researchers, as proposals need to go through an acceptance
committee and as the resolution is increased the time needed
to scan the same area increases rapidly. Thus, being aware of
the regions of interest in the bone for higher resolution scans
will continue to be important. While faster scanning could be
done if the orientation is not of interest there is still a limit to
how fast large regions can be scanned. Hence this increase in
scan speed cannot fully overcome much higher resolutions. As
new detector technologies continue to be developed, scan
speeds will continue to increase, allowing for a further increase
in the scope of studies utilizing uXRD and uXRF, pushing both
the field of view and the resolution to resolve smaller features
within larger samples.
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Conclusions

Traditional uXRF and pXRD experiments are often limited in
scope to either a single sample, or small regions of interest
across many samples, due to the long scan times inherent to
these methods and to the inherently limited experimental time
at facilities for these experiments. Utilizing the brilliance of the
DanMAX beamline at the MAX IV synchrotron, we have shown
that it is possible to scan more than 10 cm? of samples with a
15um resolution, within the time allocated through the normal
proposal process. By scanning such large areas with such a high
resolution, it is possible to draw spatially resolved statistical
conclusions by scanning multiple samples fully rather than only
individual regions.

By segmenting the resulting scans into different regions in the
bone, we show structural parameters and composition vary in
the different regions. We show that there is a higher Sr and Ca
content in the cortical bone compared to the femoral head and
condyle. We further show that the unit cell c-axis is larger in the
cortical bone, indicating that Sr is substituting into the unit cell.
We also see a larger Zn content in the condyle compared to
other regions. These variations in composition could indicate
that there is a different level of maturity in the different regions.
We show that there is a higher DoO in the trabecular and
cortical bone in the shaft compared to other regions, and that
the crystallite size is generally larger in the more heavily
oriented regions. This difference between regions of otherwise
the same material underlines the importance of measuring the
full scope to understand the full structure. In particular when
studying the effects on bone structure from external factors,
such as implants or when utilizing different animal models.
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