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BACKGROUND

Precise control of wound healing depends on physician’s evaluation, experience. Physicians provide conditions and time for body to either
heal itself, or to accept and heal around direct transplantations, and their practice relies a lot on passive recovery. Slow healing of
recalcitrant wounds is a known persistent problem, with incomplete healing, scarring, and abnormal tissue regeneration. 23% of military
blast and burn wounds do not close, affecting a patient’s bone, skin, nerves. 64% of military trauma have abnormal bone growth into soft
tissue. While newer static approaches have demonstrated enhanced growth of non-regenerative tissue, they do not adapt to the changing

state of wound, thus resulting in limited efficacy.

TECHNOLOGY DESCRIPTION

To overcome these challenges, a research team at UC Santa Cruz (UCSC) has developed a more intelligent system and related devices
and methods to control tissue regeneration towards better wound healing processes. UCSC’s Bioelectronics for Tissue Regeneration
(BETR) aims to establish bidirectional communication between body and a bioelectronic interface that will guide and expedite tissue
healing and regeneration. BETR’s dynamic, adaptive closed-loop architecture guides tissue along an optimal growth pathway. The custom
hardware uses wearable biochemical and biophysical sensors to precisely determine current and wound states and actuators to deliver
biochemical and biophysical interventions at relevant time points. Custom optics, software, and supporting logic is the adaptive learning
system that connects camera, sensors, and actuators for optimal and directed temporal and spatial response. BETR’s evolving aims
include the detection of predictive biomarkers to better assess healing and non-healing wound states, which factors into data-driven,

closed-loop feedback controls.

This case’s subject matter focuses on a device capable of delivering multiple ions and biomolecules using an electric field, and in
particular, using sustained charge (e.g., proton) delivery for providing treatment (e.g., changing the pH) of wound surfaces. In one example,
this is achieved through the use of a device that incorporates a hydrogel-based ion pump with a custom printed circuit board for pumping
ions to and from a treatment site so as to deliver and measure the specific dose of the ions delivered to treatment site. Preliminary
experiments achieved delivery of approximately 6-19 nanomoles of protons to in vivo wound surfaces after ten minutes, and the M1/M2
ratio in treated models was ~36% lower than untreated. The larger prototype system further entails the pumping device coupled to a
camera forming images of the wound, wherein the control circuit provides closed loop control of the pumping based on healing of the
wound observed in the images. Overall advantages of this newer approach include closed loop control of sensing and actuation,
accelerating wound healing through dry delivery of ions and biomolecules, and programmable wireless actuation of device to deliver over a

period time e.g., several days.

APPLICATIONS

diagnostics — wound healing

therapeutics — wound healing

FEATURES/BENEFITS

adaptive closed-loop to guide tissues along an optimal growth pathway
customizable 3D printed molds based on scalable polydimethylsiloxane (PDMS)

integrated electrophoretic ion pump for more precise and temporal dosing
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