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Brain movement measured for clues to
prevent, reduce injury

July 27 2023, by Beth Miller
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Tagged MRI methods. (a) and (b) The participant uses a neck rotation device to
obtain repeatable, mild, impulsive motion. (a) The participant in rest positon
before rotation. (b) The participant activates a latch that allows head rotation
toward the left shoulder until motion is arrested by a compliant stop. Images
adapted from Gomez et al. [38]. (c) and (d) Schematic depiction of head motion.
(e) Representative anatomical (T1-weighted) axial MR image of the participant's
brain. (f) Representative tagged MR image of the brain approximately 50 ms
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after impact (adapted from Escarcega et al. [32]). Tag lines are initially straight
and move with the tissue, revealing deformation. Scale bar is 5 cm. Credit:
Journal of Biomechanical Engineering (2023). DOI: 10.1115/1.4062809

When the human head experiences any kind of movement—f{rom
nodding yes or no to heading a soccer ball or being jolted in a car
crash—the brain moves inside the skull, leading to deformation of the
tissue. Such deformations are key to understanding traumatic brain
injury but are challenging to study since the brain is hidden inside the
skull.

Philip V. Bayly, the Lee Hunter Distinguished Professor and chair of the
Department of Mechanical Engineering & Materials Science at the
McKelvey School of Engineering at Washington University in St. Louis,
and Jordan D. Escarcega, a mechanical engineering doctoral student in
Bayly's lab, led a multi-institutional team to compare how the human
brain deforms in response to movement using two types of magnetic
resonance imaging (MRI). Their work is published in the Journal of
Biomechanical Engineering.

The researchers measured the impulse response of the brain—its natural
reaction to impact—and its harmonic response, or response to skull
vibration at a particular frequency, similar to the experience of driving
on rumble strips on the side of the road.

In the first case, the human volunteers' heads were resting in a cradle
while undergoing tagged MRI imaging. The volunteers were asked to
gently rotate their head side to side—as if shaking their head "no"—until
the cradle stopped the movement, which created the impulse response.
To see the impulse response of the brain in tagged MRI, a grid of lines is
superimposed over the MR image of the moving brain to see the
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deformation of the brain when the volunteer's head was stopped by the
cradle.

In the second experiment, light sound pressure generated by a speaker
was applied to the volunteers' heads to generate a harmonic response.
Brain motion was measured using MR elastography, or MRE, a
noninvasive technique that combines MRI images with low-frequency
vibrations to create a visual map that shows information on body tissues.

"In the harmonic response, you're getting a single sustained wave pattern,
whereas in an impulse response, you're getting a complex behavior that
consists of the responses to multiple frequencies added together," said
Escarcega, who first came to Washington University as part of the
Washington University Summer Engineering Fellowship Program
(WUSEEF), then returned to earn a doctorate.

"Using the tagged MRI, we are able to break down the impulse response
into the most dominant components and compare those to the harmonic
waveforms that we excite in MRE."

"Every human brain is different—it might as well be like your
fingerprint," Escarcega said. "But what we found was the physical
patterns of deformation produced by MR elastography are extremely
similar to the patterns you see from when people bump their heads."

Tagged MRI is more difficult to perform than MRE because it requires
participants to move their heads many times. Bayly and Escarcega said
that MRE, which is simpler and more widely available, can be used to
show the brain's response to head impact. This result has important
practical implications, they said.

"Using MRE, we can quantitatively measure patterns of brain
deformation that are expected in response to head impact, but without
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the longer experiments and added difficulty of tagged MRI," Bayly said.
"These measurements will be useful to evaluate and improve computer
models of brain biomechanics, which can then inform the design of
protective equipment and reduce the societal burden of traumatic brain

injury."

More information: Jordan D. Escarcega et al, Comparison of
Deformation Patterns Excited in the Human Brain In Vivo by Harmonic

and Impulsive Skull Motion, Journal of Biomechanical Engineering
(2023). DOI: 10.1115/1.4062809
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