A technique for warping MR images to histological sections based on thin-plate splines with homologous points optimization
by minimizing bending energy
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Introduction: Thin-plate splines have been used extensively in the registration of MR images to histological sections'™.
Landmark extraction for thin-plate splines is always prone to error. Previous techniques have been developed to optimize
the landmark extraction using mutual information (MI). We proposed a technique to optimize the landmark extraction by
minimizing bending energy of the landmarks®.

Methods and Applications: The proposed technique is described in the following chart in Fig.1. Its application in a HIV-
1 encephalitis study using a mouse model is demonstrated in the same figure. Superparamagnetic Iron Oxide (SPIO)
labeled monocyte-derived macrophages (BMM) were injected intravenously and tracked across the blood-brain barrier
using T2*-wt MRI in five mice at a Bruker 7T scanner’. Brains were removed and fixed for histological analysis.
Histological sections were stained by Prussian blue. MRI volumes were first registered to the 3D histology (stacked
histological sections) using affine transformation. MRI volumes were then re-sliced to match histological sections. These
slices were then warped to histological sections using the proposed technique.

Histo

Step 1. Trace the contours of the brain boundary and
corpus callosum and/or ventricles using snakes®. These
contours were sampled to generate landmarks. The
sampling accuracy on the MR image was usually 10-20
pixels. The corresponding contours on the histology are
sampled to generate the homologs of the landmarks.

Step 2. Optimize the loci of the homologous points by
minimizing the bending energy required to warp the MR
image to the histological section. The homologs are
relaxed and allowed to move along the contours.
Gradient descent method is used to find the homologs’
loci using bending energy as the cost function.

Step 3. Warp the MR image to the histological section
using the thin-plate splines.

Results: MI of warped MR images (using original homologs)
— histo-sections, and MR images (using optimized homologs)

— histo was compared. The results showed ~5-10%
improvement in MI in the warped MR images with optimized
homologs.

Discussion: Previous techniques using MI as the cost function
to optimize the loci of the homologs requires the intensities of
MR images and histological sections as inputs. The proposed
technique optimizes the homologs along the contours on brain
structures. This procedure is more efficient than methods using
ML. Its accuracy needs to be further studied.
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