Correlation of osteoid water diffusional transport propertieswith porosity of cortical bones

H-L. ZHANG!, S. Anumulal, S. L. Wehrli2, F. Wehrli*

Y_aboratory for Structural NMR Imaging, Department of Radiology,University of Pennsylvnia, Philadelphia, PA, United States, NMR Core Center,Children's Hospital
of Philadelphia, Philadelphia, PA, United States

Introduction

Water plays acritical role during mineralization and as a carrier of nutrients and waste products to and from osteocytes, previous study has suggested that
NMR imaging and spectroscopy based on monitoring the H,O/D,O exchange kineticsis uniquely suited for detailed insight into the diffusional transport mechanisms
across the bone matrix. In thiswork, in order to support the hypothesis that there is a close relationship between osteoid water diffusion coefficients with bone porosity
and that this effect can be quantified nondestructively by NMR, an animal model of osteomalacia was studied. Positive correlation of diffusion coefficient of osteiod
water in cortical bones measured by NM R spectroscopy with porosity measured by high resolution micro-CT data was reveal ed.

Materials and M ethods

Two groups of 5-6 week old New Zealand White rabbits (N=5 in each) were studied: Group | were control animals receiving normal diet, and Group |1
received a hypophosphatemic diet for the same period of 8 weeks. Afterwards the animals were sacrificed and the whol e bone specimens were harvested and placed into
the refrigerator at -20°C until experiments were done. Water diffusion coefficient: The NMR experiments were performed using a vertical-bore superconducting
spectrometer system, operating at 9.4T (DM X-400, Bruker Instruments) in a 5mm proton probe. The samples were rectangular section (10x4x1mm) of cortical bones,
with the marrow removed, harvested from the posterior side of mid-shaft of the right tibias. Upon removal from storage in saline (to prevent dehydrating), surface water
was removed by brief padding with tissue paper. Water diffusion coefficient from the bone matrix was quantified by measuring the volume of H20 displaced after
immersion of the bone in 0.6ml of deuterium oxide (D,0, 99.9% isotopic purity, Sigma Chemical Co., St. Louis, MO) using proton NMR at 25°C. Diffusion coefficient
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was calculated as =2 /' (1), inwhich I(oa) istheintegrated signal intensity at equilibrium, D, is the apparent diffusion coefficient of water
through the bone matrix, d is the specimen thickness, and t is the exchangetime at initial stage(within 5minutes). Porosity: Approximately 4 cm long pieces were cut
from the mid diaphysis of left tibias of the corresponding rabbit. Three-dimensional images were obtained using an EVS MS-8 micro-CT system (EVS-GE Medical
Systems) at voxel resolution 8um x 8um x 8um. Porosity is defined as lacunae volume divided by the total volume occupied by bone mineral and lacunae.

Results and Discussion

Table 1 shows the data of ten specimens in control and treatment groups

Figure 1 shows evolution curves of the water proton NMR signal - : ; — 70
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Conclusion

Thediffusion coefficient of the solute in the fluid that fills the poresis determined by the interaction between solute molecules and matrix, theactual length of the
diffusion path, and the matrix porosity. Water diffusion coefficient during the exchange of D,O/H,O could be indications of the degree of porosity of the matrix ,
assuming that the interaction between the water molecules and the channel wallsdoes not significantly affect diffusion, which isa sensible assumptionfor molecules
that are small, compared with the pore size (2).
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