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Brain Morphometry BIRN
• Clinical Specific Aims
• Attempt to address questions of the following type:

– Do structural differences contribute to specific symptoms such as memory 
dysfunction or depression independent of diagnosis?

– Do specific structural differences distinguish specific diagnostic 
categories?

• Technological Specific Aims
– Attempt to overcome obstacles to the use of neuroimaging data as

quantitative outcome measures for clinical investigation including the 
issues raised by longitudinal and multi-site studies.

– Make the above happen



Caltech/Beckman Inst.

•Attempt to address questions of the following type:
–Do the changes in the structural properties of astrocytes 
correlate with axonal loss for a transgenic mouse at the 
time when the first volume reduction is observed in the 
MRI?

•Attempt to address questions of the following type:
–Do the changes in the structural properties of astrocytes 
correlate with axonal loss for a transgenic mouse at the 
time when the first volume reduction is observed in the 
MRI?

The Mouse BIRN



Images in BIRN
• BIRN needs to deal with a wide variety of images

– MRI images for human and mouse
– Functional MRI images for human
– Diffusion Tensor Imaging for mouse
– Histological Sections of mouse brain slices with 

different stains
– High-resolution Confocal Microscopy images for 

protein localization
– Electron Tomographic Reconstructions of 

ultrastructures
– Derived images (e.g., atlases)



Some General Goals
• Share images
• Form distributed image collections and find images in the 

collections by patient and image acquisition parameters
• Correlate images of the same subject across resolutions and 

time-points
• Compare images of different subjects that satisfy certain 

conditions
• Correlate image information to those obtained from other 

experimental data (EEG, cognitive tasks, …)
• Send images to different analysis tools, then take the 

products of analysis and put them back in the database for 
further comparison and querying

• Formulate a scientific question as a “workflow” consisting of 
queries, computation and visualization
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Image Metadata in BIRN
• Each image produced in BIRN comes with a set of 

metadata
– subject-related (age, weight, diagnosis, treatment, …)
– instrument-related (instrument type, lens details, mag…)
– protocol-related (specimen preparation, stain properties, 

weightings for imaging, cognitive activities…)
– processing-related (segmentation algorithms, image 

manipulation parameters, clustering thresholds…)
– …

• Some of these metadata are available in a standard 
form like DICOM and can be automatically extracted 
by SRB proxies



Using the Metadata
• Scientist’s Question:

– I observe an unexpected difference in images A and B. I need to 
find if the difference is real or due to the way the images were
generated 

• In other words
– Using the metadata and the knowledge of the sequence in which 

different parts of the metadata were produced, perform a 
“progressive diff” of the lineages of the two images

• Why this can be complicated
– An initial difference may be removed by a subsequent processing 

step (e.g., distortion correction for MRI)
– Presence of “equivalence classes”: 

• A sequence of steps, although different,  may not semantically
contribute to any difference in the outcome

– …

We “really” need to know the use of 
the metadata to determine the 
appropriate way to model the 
application

We “really” need to know the use of 
the metadata to determine the 
appropriate way to model the 
application



Mike Vannier’s Poster Query
Are changes in axon diameter and/or number present in the optic nerve of

EAE animals before the development of gross structural changes?
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Integrated View Definition
and Query Planning at the Mediator

• An ultra-Simple Definition for “Gross Structural Change”
– Volume change found in MRI (not vol. change in electron 

tomography)
– Shape change found in MRI or in histology images
– This means

• We need a source which either records the volumes directly or computes 
the volumes

• Either this source can also detect changes (i.e., a difference across 
successive time points) or this computation has to be done in the 
“mediator” software

• We need a “shape feature” that adequately describes the shape and a 
feature difference metric that characterizes the shape – these will differ 
between the MRI and the histology sections

• If the sources do not provide it, we need to compute this at the mediator



A Typical Source: FreeSurfer 
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Surface Representations

Fiducial representation: as-exact-as-possible
representation of the cortex, with all the 
folds and the creases of the actual surface.
Allows the measurement of all geometric
quantities of interest, including differen-
tial properties (Gaussian curvature..)
but most quantities are difficult to
compute, as they require the 
integration of the local properties
of the surface.

Spherical map: the cortex can be 
projected on the surface of a sphere in
a way that preserves (approximately) the
distances between points. This represnta-

tion affords the efficient computation of 
distances,areas, and topological relations, but 

not of properties related to the curvature of 
the surface.

Neuroscientists use different representations
of the cortex surfaces for different purposes

All these representations are 
stored in the database, but 
scientists ask questions on a 
conceptual model based on the 
fiducial representation. How can 
we rewrite the query to make 
optimal use of the available 
representations?

All these representations are 
stored in the database, but 
scientists ask questions on a 
conceptual model based on the 
fiducial representation. How can 
we rewrite the query to make 
optimal use of the available 
representations?

flat map: preserves the area of the regions,
but introduces cuts so that distances and 
topological properties can’t be coputed



Query Rewriting for Geometric 
Data

Replace if:
The current representation has efficiency less than α AND there is a representation with efficiency at least β

R(α, β)

Query:
select *
from Cortex c
where (Connectivity(c.TOPO) = 2 AND Gauss(c.PEAKS) < 2)

AND Area(c.PTS) < 100  
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Modeling Brain Data 
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Modeling of Neuronal Branching 
Data

•Tree structures are traced using Neurolucida

•Quantitative data on branch length, diameter, order and 
spine density are stored in the database



Modeling Branched Structures
• Neurons are:

– Labeled trees with unordered children
• Nodes of the tree are typed and for each type there is a relational table
• We should be able to perform 

– relational queries
– tree pattern queries
– tree comparison queries

– Geometric objects
• Extraction of geometric properties from tools

– Neurolucida, Analyze, XVoxTrace
• Operations for deriving geometric relationships

– gap analysis
– spatial interdigitation
– …
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4 records were found!

Querying Branched Structures



Modeling Across Resolution 
Boundaries

After Photooxidation

HVEM

Branching-tree in 3D with 
density measures at the tips
- primary data: arborization

Tool: Neurolucida

Branching-tree in 3D with 
density measures at the tips

- more detailed measurements
- branches are classified
- each twig is a surface object

To be spatially related to 
original  cell

Tomographic

VolumePhotooxidation
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Surface Models for Ultrastructures

F-actin in 
cerebellum

Purkinje Cell 
dendritic spine

Plane Perim Area   X     Y    Z    Min   Max  Mean SD

A stack of 2D-tracings +
relational measurement +
object-categorization + 
comparison operations

Spatially-related
3D surface objects



Data Modeling for Ultrastructures



Query Interfaces in BIRN



Domain-Sensitive Result Viewer PROTLOC-AxioMap



Conclusion
• Deep data modeling is important to handle deep 

scientific questions
• Knowledge-based information integration 

approach is proving to be useful
• The tools, techniques and approach used in BIRN 

are generally applicable to scientific information 
management infrastructure beyond Neuroscience

http://www.nbirn.net
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