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Report:

Summary:

Using a submicrometer x-ray beam at ID13 we investigated the nanostructure of chicken medullary bone
(MB) material, a special bone type unique to birds and dinosaurs. This spongy bone, present in the medullary
cavity of the long bones, is intended as a labile calcium source for eggshell formation. Due to its rapid
turnover rates it is used as a model system for extensive bone mineral storage and mobilization. By utilization
of small and wide angle x-ray scattering with submicrometer resolution we characterized medullary bone
mineral regarding its crystallographic structure, orientation and size (length and thickness of the mineral
particles) as a function of the position.

Scientific background:

Bone is the most widespread mineralized tissue in vertebrates. It has a complex hierarchical structure based
on a collagen matrix with embedded nanometer sized mineral particles. During growth and maturation, bone
is constantly undergoing processes of remodeling®. These are carried out by a complex interplay of the bone
cells. During bone resorption, bone mineral is dissolved from the collagenous bone matrix®. However, to date
it is not understood how the dissolved calcium and phosphate ions are stored and stabilized in the ambient
serum without reaching local super-saturation, leading to spontaneous reprecipitation of mineral®.

The most favorable circumstances to study the processes involved in calcium mobilization and transportation
are those when these occur under extreme conditions. Such a situation can be found in egg-laying hens, in
which calcium metabolism is incredibly intense. During eggshell production considerable amounts of the
required Calcium (20-40 %) are derived from skeletal reserves®. To accommodate this, hens produce a
spongy bone laid down within the medullary cavity of long bones. This Medullary bone builds up rapidly
during the early stages of egg-laying. The rapid cycling (24 hours) in which medullary bone is resorbed and
then rebuilt involving an extreme calcium metabolism®, provides an opportunity to study the pathway of
calcium storage, mobilization and transportation in its most intensive form.



Experimental technique and materials:

We used high-resolution small angle x-ray scattering (SAXS) and wide angle x-ray diffraction (WAXD) to map
structural information from hydroxylapatite mineral particles in thin bone sections with a monochromatic (13keV)
micrometer beam. The covered g-range was approximately 0.4 to 25 nm™. Additionally we used an XRF-detector to
map the composition of the bone tissue in a position resolved way.

Thin sections of PMMA embedded chicken medullary bone samples were cut and grinded in dimensions of 1cm X
5mm x 30um and measured at ID13. The thin bone sections with embedded position markers were glued onto sample
holders which allow an exact correlation of the measurement positions with pre-characterized areas (back-scattered
electron imaging). To compare the mineral and matrix nanostructure during calcium homeostasis we tested 3
medullary bone samples. To assure statistical significance, we measured several scanning areas per sample with side
lengths from 50 pm up to 300 pm.

Results:

The results of this project will significantly help to improve the understanding of basic mechanisms involved in
calcium mobilization from bones as well as calcium storage in the ambient bone serum. The novelty of this approach is
clearly the particularity of the medullary bone model system, facilitating an intensive mineral turnover, which is only
barely studied yet.

Specifically we succeeded to measure strong gradients in size of bone mineral particles as a function of the location
inside the medullary bone structures (distance to the active areas of bone resorption). Furthermore we found calcium
rich areas in the ambient bone marrow compartment which can not be related to the mature bone phase of the
medullary bone material. Currently we try to relate these findings to different transient mineral structures which are
known to be involved in the process of bone formation”*° and potentially as well in bone resorption.
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