Visual Analysis of Brain/Gait Correlations
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Figure 1: Gait Visual Analysis. In this scenario, the user starts by selecting two gait variables to compare, bradykinesia and tremor. The star plot
shows the overlap between variables. The top and bottom left brain volume renderings help detect spatial patterns. Finally, the dendrograms
(top right) give information about the functional structure of the brain. In this example, the user can easily see how the regions associated with

visuospatial attention correlate with both bradykinesia and tremor.

1 INTRODUCTION

Epidemiologists study the relationship between neurological aging
and mobility impairment in “normal” older individuals. They have
found out that balance difficulty and slow gait can indicate brain
structural and functional abnormalities which, for example, can be
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used to predict a greater risk for dementia [4]. Studying the relation-
ship between brain and gait can help researchers identify structural
changes in the brain that are associated with neurological aging.
These structural changes can then be targeted for interventions that
can prevent the loss of independence that occurs as physical mobil-
ity declines in elderly individuals.

Typical analyses are performed on a region-by-region basis be-
cause of the difficulty of establishing voxel-by-voxel correspon-
dence between brain images of elderly people and a standard brain
template. Furthermore, investigating the functional structure of the
brain, such as relationships between the brain and different activ-
ities, introduces the added problem, from a visualization point of
view, of integrating the spatial data inherent in the structure of the
brain and the non-spatial data resulting from functional relation-



ships. To explore this space, we present a novel visualization appli-
cation which enables the users to perform visual comparative region
of interest (ROI) analysis in the presence of uncertainty. It facili-
tates the exploration of spatial/non-spatial relationships in a multi-
dimensional space spanning both spatial and non-spatial informa-
tion. We demonstrate the analysis tool on a dataset which investi-
gates the relationship between brain regions and gait and provide
preliminary feedback.

2 DATA ANALYSIS

The dataset for this project studies the relationship between brain
and gait in community-dwelling older adults [5]. The gait data con-
sists of three variables: bradykinesia, gait disturbance and tremor.
Bradykinesia is a measure of slow or hesitant motion during ac-
tivities such as heel tapping. Gait disturbance is a measure of ab-
normality in gait (e.g., small amplitude or poverty of movement in
general), posture etc. Tremor is rated as present if detected, for ex-
ample, either at rest or during action in either foot. The brain data
is an assessment of the macro- and micro-structure of the brain.
The macro-structure was measured as volume of gray matter and of
white matter tracts hyperintensities (lesions in white matter). Dif-
fusion Tensor MRI was used to quantify the micro-structure of nor-
mal appearing gray (mean diffusivity) and white matter (fractional
anisotropy).

The ROIs were based on the Automated Anatomical Labeling
atlas [6], which takes into account the functional structure of the
brain when breaking it up into different regions. In the analysis, the
ROIs were grouped based on the function they perform, classifica-
tion reflected in the visualization in the dendrogram in the top right
corner in Figure 1. Finally, the brain/gait correlations were com-
puted using iterated Tikhonov regularization [2] using the L-curve
method to determine the regularization parameter. Since there are
three gait variables and two types of brain measurements, there are
a total of six correlation values for each region.

3 METHODS

From our discussions with the domain experts, we have identified
the following list of tasks they would like to carry out: 1) compare
correlations of microstructure to correlations of macrostructure for
the same gait variable; 2) compare correlations of subgroups of re-
gions, according to the functions they perform; 3) visually see spa-
tial patterns for gait variables that vary in the same way; 4) compare
correlations of one gait variable to correlations of another gait vari-
able.

Given that three of the four tasks focus on comparing different
correlations, we designed a visualization application in which the
emphasis was placed on enabling the user to make side-by-side vi-
sual comparisons. The application consists of 4 linked views: 2
interactive volume rendering panels, a dendrogram [3] and a star
plot [1]. Details on demand are used to show the names and signif-
icance levels of the regions.

Two volume rendering panels facilitate the analysis of brain/gait
spatial patterns (Figure 1). The correlations are color-mapped ac-
cording to their significance/uncertainty levels. To clearly distin-
guish between two types of brain structures, we used different hues,
blue for white matter and orange for white matter. Saturation is var-
ied according to significance levels; darker shades of blue indicate
higher correlations. Dynamic queries are employed to enable the
user to filter the correlations to the desired significance level; the
filtered-out regions are displayed as transparent images to maintain
context. The volume rendering panels facilitate tasks 1 and 3.

The star plot view displays an overview of the correlations be-
tween brain and gait using the brain measurements, gait variables
and significance levels selected by the user. The star plot axes corre-
spond to brain regions and the value mapped to each axis represents
the significance level. The higher the significance level, the farther

from the center the point is mapped. Linking and brushing is used
to gray out the axes (which represent brain regions) and remove the
significance level mapping for the regions not displayed in the two
volume rendering panels. In conjunction with the volume render-
ings, the star plot facilitates task 4.

Finally, the dendrograms enable the user to compare different
groups of regions (task 2). Each of the trees is linked to the corre-
sponding volume rendering view. The leaves represent individual
regions while their parents correspond to groups of regions asso-
ciated with particular functions. For example, some regions are
involved in mobility, others in visuospatial attention and yet others
in motor imagery. Figure 1 shows that the regions associated with
visuospatial attention are more highly correlated with bradykinesia
than with tremor.

4 RESULTS AND EVALUATION

We conducted an informal evaluation with three domain experts
in the department of Epidemiology at the University of Pittsburgh.
The expert users were particularly excited about the ability to com-
pare and analyze spatial and non-spatial information. The epidemi-
ology expert lead has adopted the tool for research purposes. The
positive feedback focused on the interactions with the two volume-
rendered images of the brain and on the star plot. They thought the
visual abstractions were very intuitive to use for displaying brain
data and formed several hypotheses to further explore the dataset.
For example, they will next examine the mean percentage differ-
ence between subjects who had one of the conditions listed as gait
variables (such as tremor, for example) and the subjects who did
not.

5 CONCLUSION

We presented a novel analysis tool that can be used for the vi-
sualization of correlations between brain and gait measurements.
Through our approach of allowing the user to explore relationships
that span both spatial and non-spatial information, we investigate an
under-explored area by the visualization community. Expert eval-
uation indicated that visual abstraction can be very intuitive to use
in this type of analysis. Our application has the potential to be very
useful to researchers who study aging.

ACKNOWLEDGEMENTS

The authors wish to thank Howard Aizenstein, Robert Boudreau,
Nathaniel Mays, William Layton, S. Levent Yilmaz, Kim Wong,
John Yackovich.  This work was supported by NIH ROl
AGO029232-01 and a University of Pittsburgh Multidisciplinary
Small Grant.

REFERENCES

[1] N. Elmgqvist, J. Stasko, and P. Tsigas. Datameadow: A visual canvas
for analysis of large-scale multivariate data. Symposium On Visual An-
alytics Science And Technology, pages 187-194, 2007.

[2] G. H. Golub, P. C. Hansen, and D. P. O’Leary. Tikhonov regularization
and total least squares. SIAM J. Matrix Anal. Appl., 21:185-194, 1999.

[3] R. Jianu, C. Demiralp, and D. Laidlaw. Exploring 3d dti fiber tracts
with linked 2d representations. [EEE Transactions on Visualization
and Computer Graphics, 15(6):1449—-1456, November 2009.

[4] A.F Jorm and D. Jolley. The incidence of dementia: a meta-analysis.
Neurology, 51(3):728-733, 1998.

[5] C.Rosano, H. Aizenstein, J. Brach, A. Longenberger, S. Studenski, and
A. B. Newman. Gait measures indicate underlying focal gray matter
atrophy in the brain of older adults. J Gerontol A Biol Sci Med Sci,
63(12):1380—-1388, 2008.

[6] N. Tzourio-Mazoyer, B. Landeau, D. Papathanassiou, F. Crivello,
O. Etard, N. Delcroix, B. Mazoyer, and M. Joliot. Automated anatom-
ical labeling of activations in spm using a macroscopic anatomical par-
cellation of the mni mri single-subject brain. Neurolmage, 15(1):273—
289, 2002.



