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Introduction

Brain Anatomy, BOLD fMRI, and Current Metrics for Establishing Brain Region Activation



Introduction to Brain Matter
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Image Source: https://www.hopkinsmedicine.org/health/conditions-and-diseases/anatomy-of-the-brain
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BOLD fMRI
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imaging (fMRI) is
used to measure
blood oxygen
levels associated
with brain regions
of interest.
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Image Source: https://www.researchgate.net/figure/fMRI-BOLD-signal-OLKT90-The-BOLD-signal-measures-the-local-changes-in-blood_fig8_318588598
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Brain Region Activation Detection with BOLD

- MR scans are made up of i 1 T\ ; ¥
individual cubic elements & "B A * X0
called voxels.

 We can visualize them in
3D orin 2D as slices

Image Source: http://miykael.github.io/nipype-beginner-s-guide/neuroimaging.html L] 0 A |_‘| |_ T
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A Auditory-reliable B Visual-reliable
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Our Data

We looked at BOLD activity from a single subject exposed to various audiovisual stimuli in
a previous study

« 211,200 voxels
* 150 time points per series

 We used the medical recommendation for the area of no activity

« Some studies employ linear regression analysis to identify regions of interest

Image source: Nath & Beauchamp 2011, “Dynamic Changes in Superior Temporal Sulcus Connectivity During Perception of Noisy Audiovisual
Speech,” The Journal of Neuroscience,
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BOLD value
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ﬁethods

Pearson’s Distance and Energy Distance



Pearson’s Distance
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Energy Distance
X~F and Y ~¢@G

Samples x(, 29, ..., 2z, ;and Yy, Yo, ..., Ym.

E(X.Y)=2E, — Ey — Ej,

where
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Image credit: ESA/Hubble & NASA, A. Riess et. al w/ acknowledgement to Mahdi Zamani; source:
scitechdaily.com
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Our Algorithm

 We employ a strategy known as profile monitoring

« Step 1: Using the medical recommendation for no activity
- Summarize each white matter time series by computing the mean
- Compute the Pearson’s and Energy distances between each white
matter voxel measurements and the collapsed mean series
« Obtain the 5% upper threshold representing our decision
benchmark

« Step 2: For each distance
* Apply the benchmark found in Step 1 to the series from each voxel
» Display the results
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Our Working Model

Collapsed White Matter Time Series
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R_esults & Discussion

Mapping the Brain Using Pearson’s and Energy Distances



Regions of Interest

 Temporal lobe: contains auditory cortex, which is mostly
found in a fissure known as the lateral sulcus

« Superior temporal gyrus: involved in word recognition

- Thalamus (specifically, medial geniculate nucleus): sends
information to auditory cortex

- Parietal lobe: Integrates sensory information (particularly
spatial); visual, some auditory
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Conclusions, Limitations & Future Research

* Energy distance suggests areas of activation consistent with
published literature

« Pearson’s distance hasn’'t shown ability to capture activation
regions

« Though 211,200 x 150 observations are used, they belong to
a single subject

« Future research:
Explore energy distance as a metric for determining activity across a
larger sample of subjects to validate findings
Use unsupervised tools in the absence of medical recommendations
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