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And When the Bubbles Burst, Thunder in Neurons

Researchers at Brown University are using an ultrafast 3D imaging system to investigate the effects of microcavitation
bubbles on traumatic brain injury
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WASHINGTON, D.C., November 23, 2015 -- In the fleeting moments after a liquid is subjected to a sudden change in
pressure, microscopic bubbles rapidly form and collapse in a process known as cavitation. In mechanical systems such as
propellers, the resulting shock waves and jets can cause gradual wear, and in biological systems, they can shred and
distort cells. In the human brain, this is believed to be a mechanistic cause of traumatic brain injury, or TBI, but the
phenomenon has yet to be directly observed in brain tissue because the bubbles appear and disappear within
microseconds.

To better understand the connection between microcavitation and traumatic brain injury, researchers at Brown
University have developed a novel 3D imaging system that allows them to film one million frames per second, with a
single camera on a single microscope, and ultimately to explore damage to neurons in the laboratory. This will allow
them to observe whether cavitation events occur in the tissues surrounding neurons, and if so, it will provide a starting
point for identifying the mechanisms of damage in both human and animal tissue samples.

“We still don’t know what the cellular or tissue damage due to primary blast exposure, or blast TBI actually looks like.
We also don’t know if it’s due to cavitation or not. This is partially because we don’t know what to look for in MRI,
histologies, biopsies and tissue sample scans and images,” said Christian Franck, an assistant professor in Brown
University’s School of Engineering.

To address this, Franck and his colleagues are seeking to understand how cavitation might injure neurons by using a 3D
imaging system coupled with a diffraction grating to examine their post-exposure morphology. They will present their
recent findings at the American Physical Society (APS) Division of Fluid Dynamics (DFD) 68 meeting, to be held
November 22 — 24 in Boston, Massachusetts.

Current 3D image correlation methods typically involve making stereo projections of objects —a geometric mapping
function that was used to create the world’s first celestial charts by projecting a sphere onto a plane - by capturing
images with two or more cameras. According to Franck, however, this technique doesn’t translate well to observations
taken through a microscope, as using multiple cameras carries a loss of spatial resolution. His laboratory focuses on
developing experimental techniques to resolve the motion of materials in three dimensions.

In order to capture the three-dimensional motion with a single lens, the researchers placed a diffraction grating in front
of the imaging camera on the microscope. They then used a nanosecond-pulsed infrared laser to produce single



cavitation bubbles within a model neural network made of collagen and biomimetic hydrogels embedded with neurons,
thus simulating the action of a neural network subjected to a negative pressure surge.

When images of the deforming material meet the diffraction grating, they diffract into the first negative, first positive,
and zero-order modes. This effectively generates two perspectives of the object — as if you had two cameras — without
sacrificing spatial resolution.

“The major challenge for us was to recombine the multiple grating perspectives back onto the same physical location on
the camera,” Franck said.

To do this, the researchers spectrally assigned different colors to the -1 and +1 orders that the camera can detect. As all
the diffraction orders are initially illuminated with white light, Franck and his colleagues put a red filter in front of where
the -1 order light would pass and a blue filter in front of where the +1 light would pass. The camera then registers them

as separate RGB colors, which allows the researchers to easily recombine them — thus recreating the 3D motion field at

frame rates high enough to observe cavitation.

“This is something really exciting for us, and as far as we know, it has never been done before,” said Franck.

Currently, Franck’s lab is able to resolve motion fields down to the 10 - 100 nanometer scale. Future work for Franck and
his colleagues includes improving their techniques to observe material deformations on the single nanometer level using
super-resolution microscopy techniques in 3D.

The presentation, “Microcavitation as a Neuronal Damage Mechanism in Blast Traumatic Brain Injury," is at 5:49 p.m.
EDT on Monday, Nov. 23, 2015 in the Hynes Convention Center, Sheraton Room: Back Bay A
ABSTRACT: http://meetings.aps.org/Meeting/DFD15/Session/L37.5
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MEETING INFORMATION

The 68th Annual Division of Fluid Dynamics Meeting will be held at the Hynes Convention Center in Boston, Mass., from
Nov. 22-24, 2015. More meeting information:

https://apsdfd2015.mit.edu/

REGISTERING AS PRESS
Any journalist, full-time or freelance, may attend the conference free of charge. Please email: jbardi@aip.org and
dfdmedia@aps.org and include "DFD Press Registration" in the subject line.

ONSIGHT AND ONLINE PRESS ROOMS
Workspace will be provided on-site during the meeting. The week before the meeting, news, videos and graphics will be
made available on the Virtual Press Room: http://www.aps.org/units/dfd/pressroom

LIVE MEDIA EVENT
A press briefing featuring a selection of newsworthy research talks will be streamed live from the conference at [TBA].

ABOUT THE APS DIVISION OF FLUID DYNAMICS

The Division of Fluid Dynamics (DFD) of the American Physical Society (APS) exists for the advancement and diffusion of
knowledge of the physics of fluids with special emphasis on the dynamical theories of the liquid, plastic and gaseous
states of matter under all conditions of temperature and pressure. DFD Website:
http://www.aps.org/units/dfd/index.cfm
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e Title: Microcavitation in a 3D Neuron Collagen Gel
e Caption: Still frame filmed at 200,000 frames/sec of a violently collapsing vapor bubble inside a brain-mimicking

collagen gel (bubble size is approximately 100 microns). Inside the gel are thousands of brain cells (neurons).
e Credit: J. Estrada (Franck Lab) / Brown U
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