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• Several studies suggest that changes in dendritic spine structures cause physiological changes in, 
for example, the synaptic region that result in neurodegeneration and neurodevelopmental 
disorders [1]. Tissue from patients with Fragile-X syndrome (FXS) or Parkinson’s Disease and 
mouse models of  these disorders exhibit an increase in dendritic spine length and density. Thus 
the long term goal is to develop reliable and objective automated methods for classifying dendritic 
spine shapes as conceptualised in Figure 1.
• The discipline of  Computational Anatomy (CA) provides the basis for the shape analysis [2]. CA 
synthesizes D’Arcy Wentworth Thompson’s seminal ideas [3] in which transformations of  local 
coordinate systems are used to compare anatomical structures.
• Briefly, CA is an anatomic model characterized by a quadruple (Ω,,,) where Ω is the 
template coordinate space,  is a subset of  diffeomorphisms on Ω,  is the orbit (collection) of  
anatomical imagery under  which is the family of  probability laws of  anatomical variation on .
• Diffeomorphisms are smooth, invertible and differentiable maps that are modeled as evolution 
in time, or a flow                  controlled by smooth velocity vector fields                         (Figure 2). 
If                      is the identity map, the forward and inverse maps are given by
    

• Given two anatomical images               (Figure 2), the solution to the variational problem 
 

gives rise to the optimal changes of  coordinates     such that                   .  
• The solution is determined from the Large-Deformation Diffeomorphic Metric Mapping 
(LDDMM) algorithm [4,5] which yields the arc length of  the geodesic connecting the two images 

and thus the metric distance between the two images. Such metric distances provide a precise 
mathematical description of  what shapes are similar and different.
• LDDMM has the ability to generate metric distances of  anatomical structures at various scales 
from brain structures to sub-microscopic structures. LDDMM has been implemented and 
deployed on the Biomedical Informatics Research Network (BIRN; http://www.nbirn.net) and is 
currently being used in a morphometric study of  the hippocampus in Alzheimer’s Disease [6].
 

Methods

Discussion
• Metric distances can be used as a bio-marker to quantify dendritic spine shape in animal models 
of  neurodegeneration and neurodevelopment.
• Analysis of  dendritic spines from an animal model of  Parkinson’s Disease with blind knowledge 
of  condition (Figure 1) and analysis of  metric distances for each spine type are currently 
underway. 
• Velocity vectors generated can be used to detect localized changes in the synapses (Figure 5). 
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• Pyramidial cells from layer V of  primary visual cortex from FXS knockout (KO; n=2) and 
wildtype (WT; n=2) mice were injected with Lucifer yellow. Tissue was subsequently 
photooxidised and prepared for electron microscopy.
• Triangulated surface reconstructions of  spiny dendrites were produced by manual contouring of  
tomographic reconstructions of  neurons yielding 544 spines.
• The Cell-Centered DataBase (CCDB; https://ccdb.ucsd.edu/CCDB/index.shtml) [7] was used 
to upload and download original, segmented and reconstructed data for analysis (Figure 3). 
• Reconstructed spines were checked for topological errors to ensure that triangulated surfaces 
were topologically equivalent to sphere via TopoCV (Topology Checker and Viewer; 
http://www.math.fsu.edu/~mhurdal/software/).
• 280 topologically correct spines were aligned with a standard coordinate system with respect to 
the smallest WT spine via similitude matching (scale or no-scale, rotation, translation) of  14 
landmarks suitably placed on each spine. 2 landmarks were assigned to the neck and head and the 
remaining 12 obtained from groups of  4 evenly distributed landmarks at three equi-spaced 
sections between the head and the neck (Figure 4).
• LDDMM was applied to binarized images of  the surfaces from which metric distances between 
the spines and the template (reference) spine were generated.
• LDDMM is computationally intensive requiring significant processing power and data storage 
especially in large-scale multi-site shape analysis [6]. In BIRN, LDDMM is utilized via 
supercomputing clusters such as the TeraGrid.

• Spine type was classified as one of  double, filipodia, long mushroom, mushroom, stubby and 
thin [1] along with volume (V), surface area (S) and length between neck and head (L).
• Statistical analysis was performed on metric distances, condition (WT and KO) and spine type. 
• For unscaled spines, there was significant difference between the two conditions (p<<0.0001, 
two-sample t-test). There was also significant difference across the six different types of  spines 
(p<<0.0001, ANOVA). Metric distances correlated strongly with V1/3 and S1/2 (R2 = 0.9722 and 
0.9893 respectively) but weakly with L (R2 = 0.6588).
• For scaled spines, there was significant difference between the two conditions (p<0.01) and 
across the six different types (p<0.075).
• After accounting for V, S, L and type of  spine with ANOVA multiple test for multiple 
regression, there was significant difference in the condition of  the scaled spines (p<0.03) but not 
for unscaled spines (p=0.45).

Figure 1: A fundamental question in neuroscience
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Figure 2: Generating diffeomorphisms between anatomical structures from a template spine
to a target spine (left) with associated smooth velocity vectors (right).
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Figure 3: Reconstructed spines from  wildtype (left) and knockout (right) mice from CCDB

Results

Figure 4: Similitude matching to align spines in a standard coordinate system with 
landmarks (left), no-scale (middle) and scale (right).

Figure 5: Deforming from target to template with the velocity vectors shown on the right.

TemplateTarget

1
1( ) t

t t
g g vt

−
−∂ = − ∇

∂


