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Introduction: Rodents are often used as preclinical modelsfarstigating the biomechanical consequences
of spinal pathologies and interventions. Growthgdare present within rat vertebrae throughoetdifd

may alter the vertebral biomechanics. This studgstigates the biomechanical response of rat-tatebrae

to axial compressive loading usin@T imaging and image registration to spatially resatrain fields.

Methods: The 6th caudal vertebrae of 8 immunocompromised/(nu) rats wer@CT scanned (17.5 x17.5
x17.5um/pixel) in both loaded (27N-32N axial congsien) and unloaded configurations. The specimens
were loaded with a custom designeciT compatible device. Image registration was usezhtculate strain
and displacement fields in bone due to applied.l®d&e registration was implanted in a multi-resioluit
framework. The algorithm begins with an iteratiyimization of affine mapping parameters (consgsti
rotation, scaling, shearing and translation, 12 Ptokdeally match the loaded and unloaded scassda
upon the mutual information contained in the 2 isld@dnce an acceptable fit was obtained, the mcsnag
was partitioned into 8 pieces by bisecting aloreg3raxes. These 8 pieces
formed the second level of registration; each wdsvidually registered. The
affine transform found for registering the wholevimg scan was used as the
initial guess in these eight sub-pieces. They saalvn eight more individual
pieces and so on until the maximum level of analyss reached. Once the
registration completed, the displacement and sfrelidis were calculated:

e = %(DAT +0A ) A(X,Y,2) =T (X, Y,2)P(X,Y,2) - P(X, Y, 2)

Where e is the strain matrix, A is the displacemens the affine transform
found from registration and P is the voxel locatidrhe strain at the centre of
registration regions was calculated by finite d#éfecing; elsewhere the field
was interpolated with 3rd order B-splines.

Results: Axial strains calculated by image registrationgad from 2% in
tension to 16% in compression with an average axiain of 1.6% in

compression. In 7 rats the majority of strainhia vertebrae was concentrateq
in growth plates. Very soft growth plates in 3 spams resulted in max axial 7
strains from 10-16% in compression. The remaidimgts had thinner growth Fiyure 1: Sagittal cut tof a UCT scan of

plates with strain concentrations in the growtheplzad max axial strains gmafeesds I‘\’/Z”Settr’afﬁ]elgot'ﬁ;fvegn‘l’gg? d'nzgggg(
ranging from 2.2%-3.2. Centrally located strain @amtrations of low as %amated by the image registra

magnitude and more limited spatial extent were ofggkin trabecular bone. algorittm.  The strain is due to a
compressive loadin

Conclusions: The growth plates absorbed the majority of thaistwithin the rat vertebrae. The amount of
strain within the growth plate is important to coles when interpreting biomechanical data on ratelzae.
Load application to rodent vertebrae will first qomass the growth plate and only following comprassf
this structure cause significant development gbldissment and strain in trabecular and corticakebadinis
insight into the biomechanical response of ratelmde is apparent through the application of image
registration to analyse vertebral body behaviouchsnformation would not be evident in analysing
preclinical whole vertebral body response usingdielement modeling or experimental testing protec



