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Individuals that experience a traumatic brain injury (TBI) may develop a wide range of cognitive, sensory and motor impairments. Following the initial trauma, the primary injury can result in focal or diffuse brain damage through tissue necrosis and the activation of inflammatory processes. This inflammatory response contributes to secondary injury, characterised by cavitation, astrogliosis and scar formation. The complex pathophysiology of TBI poses significant barriers to repair, including limited capacity for axonal regrowth, persistent inflammation and scarring. The Tissue Engineering Research Group (TERG) at RCSI in collaboration with the Simulation Lab at RCSI seek to develop an injectable, patient specific microelectrode array fabricated using shape memory alginate hydrogels. This approach aims to establish the feasibility of minimally invasive anatomically conforming implants for neuroprotective electrical stimulation. 

Objective 1: The first objective of this study was to develop a 3D-printed cortical mould utilising publicly available high resolution MRI datasets (e.g. https://openneuro.org/). MRI images were segmented and reconstructed into a three-dimensional brain model using 3D modelling software, ITK-Snap. The motor cortex was subsequently isolated and extracted from the whole brain model using Mesh mixer and 3D- slicer. The resulting cortical model was then 3D-printed as a polymer mould using a Formlabs resin printer. The mould design was optimised to enable the effective casting of alginate hydrogel films in complex anatomically mimetic shapes. 

Objective 2: The second objective was to investigate and optimise the shape memory properties of alginate.  Covalent cross-linking was achieved through the addition of hydrazide crosslinks via carbodiimide chemistry, an approach previously utilised for the fabrication of shape memory scaffolds for orthopaedic tissue engineering applications. In this study, the method was adapted to induce shape memory characteristics in an alginate film which was cast within the 3D-printed cortical brain mould. 

Objective 3: The third objective evaluated the mechanical properties of the alginate film. Mechanical strength, swelling and degradation of the film was assessed which provided a comprehensive understanding of the film’s functionally and durability. 

Objective 4: Finally, a previously developed conductive PEDOT:PSS bioink was fabricated which will be used to 3D print electrode arrays on the surface of the shape-memory alginate patch. The electroconductive properties of the conductive polymer ink were analysed. 



Project Outcomes and Experience Gained by the Student (no more than 700 words)

Project outcomes: 

A 3D printed mould that replicated the cortical surface anatomy of the motor cortex was successfully developed using publicly available high-resolution MRI datasets. Brain MRI data were reconstructed into a three-dimensional model using the modelling software ITK_Snap, while Meshmixer and 3D Slicer were employed to isolate the motor cortex and prepare the model for printing. Five design iterations were fabricated to optimise the casting process and improve the geometry of the alginate patches. The initial mould measured 6 × 6 cm; however, this produced patches that were excessively thick and difficult to handle. Consequently, the design was reduced to a 2 × 4 cm mould, resulting in thinner, lighter patches that more accurately replicated the target cortical geometry. 

Alginate gels were engineered with covalent and ionic crosslinking using carbodiimide chemistry to introduce shape memory characteristics. The resulting anatomically biomimetic patches had the capability to collapse and restore their initial geometry through simple rehydration. Complete shape recovery was achieved  within approximately 15 seconds demonstrating the successful incorporation of shape memory behaviour. 

Swelling studies demonstrated that the alginate hydrogel exhibited progressive water uptake over a 48-hour period with the swelling ratio increasing from 23% to 100%. These findings indicate that the hydrogel possesses a hydrophilic, crosslinked-polymer network capable of absorbing and retaining substantial amounts of water while maintaining its structural integrity. Wet weight degradation studies performed in phosphate-buffered saline (PBS) demonstrated that the alginate hydrogels remained structurally stable throughout the 13-day incubation period. The samples exhibited a rapid increase in mass during the initial days of incubation, consistent with water uptake and swelling of the hydrogel network. Following peak hydration on Day 4, the sample mass gradually decreased, suggesting the onset of slow hydrolytic degradation or erosion while maintaining overall structural integrity.

A PEDOT bioink for 3D printing was fabricated and its electrical conductivity was evaluated. The material exhibited an average conductivity of 0.070 ± 0.040 S/m. Although, the material demonstrated measurable conductivity further optimisation of the PEDOT concentration is required to attain therapeutically relevant conductivities. 


Experience gained: 
During this project, I developed proficiency in a broad range of laboratory techniques under the supervision of Dr. Ian Woods and other members of the Tissue Engineering Research Group (TERG). My training included sterile technique, pipetting accuracy, solution preparation and safe chemical handling, with a strong emphasis on laboratory health and safety. This foundation enabled me to perform experimental procedures with precision and confidence allowing me to work independently after the initial training period. 

As part of the project, I also received training in the interpretation of magnetic resonance imaging (MRI) data to understand cortical surface anatomy relevant to traumatic brain injury. I learnt to identify key anatomical structures within MRI datasets and gained experience in 3D modelling and segmentation software which allowed me to reconstruct whole brain models and isolate regions of interest. I developed the skills required to convert medical imaging data into 3D-printable geometries for the fabrication of anatomically accurate cortical moulds. 

I also received supervised training in the fundamentals of 3D printing under the supervision of the Simulation Lab at RCSI, where I learnt about material section, printer calibration and the design considerations necessary to produce accurate polymer moulds. This training provided me with a practical understanding of the complete workflow, from digital model preparation to fabrication. 

Furthermore, I was trained in preparation of alginate hydrogels, carbodiimide-mediated cross-linking techniques, and the casting of hydrogel films within the anatomically derived moulds. I also gained experience in characterisation of biomaterials by performing swelling, degradation, shape recovery and mechanical assessment assays to evaluate the physical and functional properties of the hydrogels. 

Beyond developing technical skills, I actively engaged with colleagues in the spinal cord injury team and the wider Tissue Engineering Research Group community. I attended weekly laboratory meetings, presented progress updates, and engaged in scientific discussions. These experiences strengthened my scientific communication skills, enhanced my confidence in presenting research findings and provided valuable insight into collaborative research within a multidisciplinary environment. 
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Introduction: 
Traumatic brain injury( TBI) is a leading cause of progressive cognitive, sensory and motor deficits driven by necrosis, inflammation, cavitation and glial scarring. Electrical stimulation offers a route to modulate inflammatory responses, support neural plasticity and promote axonal extension. However, neuroprotective electrical stimulation for TBI is often limited by the materials available for its implementation. Additionally, the complex geometry of both TBI lesions and cortical anatomy complicate medical device design for these applications. This study aims to develop an injectable, patient specific microelectrode array fabricated using shape memory alginate hydrogels. 

Methods: 
A patient-specific cortical mould was designed using publicly available high resolution MRI datasets. Brain segmentation and three-dimensional reconstruction were performed using ITK-Snap, Meshmixer and 3D-Slicer, before fabrication of the mould using a Form Labs resin 3D printer. Shape memory alginate hydrogels were engineered by combining covalent and ionic crosslinks through carbodiimide-mediated chemistry to permit reversible compression and re-expansion.

Results: 
Material characterisation demonstrated that the hydrogels exhibited rapid shape recovery, regaining their original cortical geometry within 15 seconds of rehydration. Swelling studies showed progressive water uptake over 48 hours with the swelling ratio increasing from 0.23 to 1.01, indicating stable hydrophilic polymer networks capable of retaining water, while maintaining structural integrity. Wet-weight degradation studies in phosphate-buffered saline demonstrated an initial swelling phase followed by gradual degradation over a 13-day period, suggesting sufficient stability for short term implantation. A PEDOT conductive polymer Bioink was manufactured and tested, displaying an average electrical conductivity of 0.070 ± 0.040 S/m. 

Conclusion: 
A 3D-printed anatomically mimetic mould was generated for casting of shape memory alginate films.  Future work will involve optimisation of the conductive ink for improved conductivity alongside mechanical characterisation and biological evaluation of the alginate hydrogels, with the long-term goal of developing a minimally invasive, anatomically conforming implant for neuroprotective electrical stimulation. 
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Flexi-Stim: Flexible Electrodes with Anatomical Shape Memory for Therapeutic Electrical Stimulation 

Traumatic brain injury affects more than 7.7 million people across Europe and results in progressive cognitive, sensory and motor deficits driven by necrosis, inflammation, cavitation and glial scarring. These secondary processes limit axonal regrowth and remain a major barrier to effective repair. Electrical stimulation offers a route to modulate inflammatory responses, support neural plasticity and promote axonal extension, but current electrode technologies are constrained by material stiffness, surgical access and poor conformity to the geometry of TBI lesions.
This project proposes an injectable, patient‑specific microelectrode array fabricated using shape‑memory alginate hydrogels. By combining covalent and ionic crosslinks within the alginate, the patch can be developed to exhibit shape-memory properties, this will allow the patch to be compressed while dry and return to an anatomically mimetic shape once rehydrated. Material characterisation demonstrated that the hydrogel exhibited rapid shape recovery, regaining their original cortical geometry within 15 seconds of rehydration. High‑resolution MRI datasets were used to generate cortical moulds for casting alginate films. A conductive ink was fabricated, and future work will involve 3D printing onto these films to create soft electrode arrays. This project aims to establish the feasibility of minimally invasive, anatomically conforming implants for neuroprotective electrical stimulation.
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Figure 1: Schematic overview of the alginate hydrogel’s shape memory properties
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Figure 2: Schematic overview of patient-specific cortical mould construction using publicly available high resolution MRI datasets

References:
[1] Roozenbeek, B., et al. (2013) Changing patterns in the epidemiology of traumatic brain injury. Nat Rev Neurol 9, 231–236.
[2] Wang L,. et al (2012) Design and Fabrication of a Biodegradable, Covalently Crosslinked Shape-Memory Alginate Scaffold for Cell and Growth Factor Delivery. Tissue Eng Part A 18(19-20):2000-2007.
[3] Weickenmeier J, et al. (2016) Brain stiffness increases with myelin content. Acta Biomater. Sep 15;42:265-272.
 [4] Liu, J., et al. (2023), 3D Printing of Multifunctional Conductive Polymer Composite Hydrogels. Adv. Funct. Mater., 33: 2214196. 
[5] Allison C. Nugent, Adam G Thomas, Margaret Mahoney, Alison Gibbons, Jarrod Smith, Antoinette Charles, Jacob S Shaw, Jeffrey D Stout, Anna M Namyst, Arshitha Basavaraj, Eric Earl, Dustin Moraczewski, Emily Guinee, Michael Liu, Travis Riddle, Joseph Snow, Shruti Japee, Morgan Andrews, Adriana Pavletic, Stephen Sinclair, Vinai Roopchansingh, Peter A Bandettini, and Joyce Chung (2025). The NIMH Healthy Research Volunteer Dataset. OpenNeuro. [Dataset] doi: doi:10.18112/openneuro. ds005752.v2.1.0






Other comments: (no more than 300 words)
I would like to sincerely thank the Anatomical Society for their generous funding and support. Their contribution provided valuable resources that enabled the development and progression of this research project. I am extremely grateful to have had the opportunity to work alongside my supervisor, Dr. Ian Woods, and other members of the Tissue Engineering Research Group and Simulation Lab at RCSI. 
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