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Hypothesis or Research Question(s): We hypothesize that multiple polymeric microchannels with 

embedded magnetic nanoparticles can be individually injected via a needle into the SCI lesion and then 

magnetically-oriented to align along the spinal cord. Rows of the channels will be first injected and 

aligned in brain phantom in vitro, and then subsequent rows will form toThe goal is to develop a 

minimally invasive therapy to guide growing axons across the lesion of the spinal cord. We hypothesize 

that multiple polymeric microchannels with embedded magnetic nanoparticles can be individually 

injected into the lesion and then magnetically aligned along the spinal cord. Rows of the channels will be 

first injected and aligned followed by subsequent rows. mimic a multichannel scaffold. 

PROJECT BACKGROUND & SUMMARY 

Decades of research on improving function after spinal cord injury (SCI) has focused on biomaterials-

based implants composed of channels to bridge the gap of the spinal cord. The insertion of the implant 

is an invasive surgery and therefore a highly risky process since the implantation can damage the intact 

neural fibres, some of which likely providing critical albeit residual function for the individual. Moreover, 

the use of implants can only be considered for those with anatomically complete injuries in which there 

is a gap in the SCI. Nonetheless, about 85% of the SCI cases are partial injuries and are not candidates for 

an implantation approach. One thought to advance the biomaterials intervention to be applicable to 

incomplete injuries, is to develop an injectable therapy via a minimally invasive surgery, which would 

significantly reduce the risks of damaging the intact fibers within the lesion. In this proposal, single 

channel conduits with embedded magnetic particles will be developed that can be first injected through 

a clinically-used needle and then aligned under a magnetic field. The goal of this proposal is to show the 

feasibility of polymeric channels to be injected and then aligned next to and stacked over each other to 

form a multichannel bridge without the need for an invasive surgery. Our approach includes an 

injectable biomaterials system that can be aligned in vivo under magnetic field upon injection to provide 

a linear pathway for axon guidance.     

We will first develop polymeric hollow microchannels that can 1) be injected via a needle and 2) can be 

magnetically-oriented in a saline solution. We will then first work on aligning a row of multiple channels 

injected. Next, we will assemble a second row. The channel stiffness and mechanical properties must be 

characterized and optimized to obtain injectable channels. The surface chemistry of the polymers is an 

important factor to consider and optimize for the alignment of the channels. A soft gel will be 

synthesized and characterized to mimic the mechanical properties of spinal cord cavity for the channels 

to be injected into and to enable optimizing the microchannel properties and alignment in vitro.     

This proposal is inherently multidisciplinary. The primary PI's expertise in materials science, polymer 

chemistry and physics all having been focused on nerve regeneration combined with the co-PI's 

expertise in neuroscience and spinal cord injury animal models are needed to conduct this project. 

BENEFIT TO THE STUDENTS 

Having multiple streams to the project, the students will benefit from independent yet highly 

collaborative and multidisciplinary projects. It is the intention of the PIs for each student to lead his/her 

own sub-project while working together toward the overall goal. The students will mainly be directly 

advised by the primary PI of the project who will be dedicated to offer substantial amount of time and 

support to provide a high level of experience and education for the students leading the project. The co-

PI will remain committed and active during the summer mentorship period.      
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The proposed project primarily brings together the fields of materials science engineering, physics and 

neuroscience. The already multidisciplinary lab environments offered by the PIs of this project coupled 

with the complementary expertise of the labs provides the appropriate resources and learning 

environment for such a multidisciplinary project.      

One student will primarily focus on working with a range of biomaterials and engineering polymeric 

conduits that can be injected, as well as characterizing the structure and mechanical properties. The 

primary expertise gained by the student leading this stream will be chemistry and materials 

characterization techniques.     

Another student will be in charge of configuring, optimizing and characterizing the magnetic alignment 

of the polymeric tubes and their stacking. This student will primarily be learning the physics involved in 

magnetic orientation as well as characterizing magnetic properties.     

One more student will be developing an in vitro model using soft hydrogels to mimic the structure of the 

spinal cord tissue cavity. This model will be used by the other two students when working on injecting 

and aligning the tubes. This student will primarily learn techniques in chemistry and materials science.  

All the involved students will have ample opportunities to learn from the PIs, each other and other lab 

members and be exposed to different components of the project. There will be weekly meetings 

between the main PI and each student to guide and support the students on the project. The co-PI will 

also meet with the students through the summer. There will be clear milestones decided by the main PI 

with consultation with the co-PI that will be communicated to each student. The milestones may be 

changed upon mutual agreement as the projects unfold and with necessary contingency plans if there 

would be reduced laboratory hours due to covid restriction (which does not seem to be the case as of 

the date of submission deadline of this proposal).      

The intention is for the students to benefit from the multidisciplinary environment of the two involved 

labs as well as the collaborative project to be motivated to continue multidisciplinary research and 

become our future scientific leaders on innovative and translational interventions.


