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The primary objective of this proposal has been to develop methods for controlling the activity of intact brain circuits using 

ultrasound. Below an update of our scientific progress towards this objective is outlined. 

We initiated a series of investigations aimed at developing noninvasive brain stimulation methods employing ultrasound. 

We indeed developed and reported on methods for intact brain circuit stimulation. We found and reported that transcranial 

pulsed ultrasound can stimulate brain circuits with a spatial resolution approximately five times better than other noninvasive 

state-of-the-art brain stimulation methods such as TMS and tDCS (Tufail et al., 2010). We additionally showed our method of 

brain stimulation using transcranial ultrasound is safe, reliable, and temporally precise. In addition, we revealed that pulsed 

ultrasound is capable of remotely stimulating synchronous brain activity patterns known as sharp-wave ripples in the intact 

hippocampus, which are known to underlie certain cognitive abilities such as memory trace formation. These data also 

demonstrate that pulsed ultrasound can stimulate subcortical circuits in the intact rodent brain, as well as superficial cortical 

circuits. 

The studies above have served the foundation for the next phase of experiments for which funding is presently being sought. 

An original aim of the proposed work was to stimulate sensory regions of the intact mammalian brain. Using funding from other 

sources, but knowledged gained on intact rodents in the ARL funded work effort we have been able to validate some of our 

prelimiary findings in larger animal models. We are still attempting to fully understand the exact ultrasound waveforms 

parameters, which make neuromodulation reliable. We have planned a next series of studies, which is based upon findings 

made during the ARL work efforts on this grant. We anticipate continued development of ultrasonic neuromodulation for the 

modulation of sensory brain regions to continue in large animal models. 

We recently published an opinion paper in Nature Reviews Neuroscience on the mechanical features of the brain in an article 

entitled "The Mechanobiology of Brian Function" (Tyler, 2012). In this opinion article, we discuss several aspects of the brain 

where mechanical forces are known to regulate endogenous function. During our work efforts on the ARL grant, we have 

proposed that the mechanical pressure source of ultrasound is capable of exerting its actions on these mechanically sensitive 

features of neurons, glia, and brain circuits to alter activity. We will continue to work on deciphering the exact mechanisms of 

action by which ultrasound works to influence changes in neuronal activity. Knowledge gained here will lead to the refinement 

of ultrasonic neuromodulation and its applications in regulating brain activity.

Overall, we have been able to make significant headway in the development of pulsed ultrasound for the noninvasive 

stimulation of intact brains through the support of our ARO RDECOM ARL grant. We look forward to continued support from the 

DoD, as well as to be able to help meet some of the needs of our national defense and warfighters through our work.
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