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A STATE OF INNOVATION 

New Jersey is rapidly emerging as a 
national leader in biomedical 
innovation, with South Jersey 
positioned at the forefront. Strategic 
partnerships between Cooper Health 
and Rowan University are 
accelerating commercialization of 
impactful medical technologies, 
supported by a robust research 
infrastructure and a growing 
ecosystem for inventors and 
entrepreneurs.  
 
With Rowan University nearing R1 
research status and Cooper Health 
anchoring clinical innovation, New 
Jersey continues to be a thriving hub 
for translational research, startup 
activities, and industry 
collaboration. 
 

 

 

“I’m excited about what we can 
build here. We aim to establish an 
innovation center that works 
together with multiple institutions 
in South Jersey to help grow the 
knowledge economy. Our team 
assists with intellectual property, 
technology development, and 
industry agreements, as well as 
company startup and financing. 
Working together, the future is 
very bright." 
 
- Neal Lemon, PhD, MBA 

AVP, Technology, 
Commercialization & 
Innovation, Cooper Innovation 
Center, Cooper University 
Health Care, 
Associate Vice Chancellor, 
Rowan University 
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1Professor of FIELD, Cooper Medical School of Rowan University
2Resident, FIELD, Cooper Medical School of Rowan University

Brief Description
This manufacturing technology uses a combination of 
nanofabrication, additive manufacturing, and sacrificial template 
infiltration to create hydrogels with embedded aligned nanofibers. 
Aligned nanofibers serve as architectural cues that induce cell and 
extracellular matrix alignment, accelerate cell migration into the 
scaffold, and induce cell differentiation toward phenotypes 
associated with aligned soft tissues. 

Stage of Development

Technology
This technology facilities the 3D incorporation of continuous aligned 
nanofibers into hydrogels through a dip coating/layer-by-
layer/sacrificial templating process that is compatible with many 
types of nanofibers and hydrogels and does not experience layer 
delamination.

Problem

Stage of Development: Protype Development
Partnerships: Co-Development, Licensing
Intellectual Property: Two US Patent Applications Filed

Hydrogels are promising candidates for tissue scaffolds due to their 
biocompatibility, cell permeability, and capacity to serve as a 
volumetric template for new tissue growth and maturation. However, 
unmodified hydrogels do not have directional cues and thus cannot 
encourage the development of axially organized aligned tissue 
present in nerve, muscle and tendon.

Device Design

Solution
A low-density fiber component (<1% volume) embedded in hydrogels 
guides uniaxially aligned regeneration, while leaving ample room for 
new tissue growth. This is critical for regeneration of highly cellular 
soft tissues, which require space for aligned cell repopulation. 

Advantages
• Embedded aligned nanofibers accelerate regeneration with 

direct aligned tissue morphologies
• Manufacturing methods are versatile for many hydrogels and 

nanofiber material systems

Figure C. Stepwise 
schematic of hydrogel 
scaffold fabrication 
using a gelatin 
template. The gelatin 
scaffold is first 
infiltrated with alginate 
solution and 
crosslinked in CaCl₂. 
The gelatin component 
is then selectively 
dissolved, leaving an 
alginate template. This 
template is 
subsequently 
infiltrated with 
decellularized 
extracellular matrix 
(ECM) solution and 
finally processed by 
alginate dissolution to 
yield the nanofiber-
embedded ECM 
scaffold.

Figure B. Electrospun nanofiber frames are dip-coated in gelatin solution and stacked layer-by-layer to the 
desired thickness. The multilayer construct is sectioned and trimmed into uniform cuboidal sacrificial 
scaffolds (2 mm × 2 mm × 1.5 cm) for subsequent hydrogel infiltration.
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Hydrogels with Embedded Aligned Nanofibers 
for Peripheral Nerve Regeneration

Varsha Prahaladan, Jacob Carter, Sebastian Vega, Vince Beachley 
Department of Biomedical Engineering, Rowan University, Glassboro, NJ

Figure A. Schematic illustration of the automated electrospinning setup for producing highly aligned 
polymer nanofibers. The system includes A high voltage power supply connected to blunt tip needle(1),  
polymer solution in syringe(2), syringe pump(3), and automated rotating parallel track collectors (4) used to 
align the fibers. Nanofibers are collected on the collection trays (5) placed between the tracks.(6) 
Representative Image of highly aligned electrospun polymer nanofibers produced using the automated track 
electrospinning system. 

Figure D. Representative images showing the fabricated extracellular matrix (ECM)-based scaffolds and 
their application. (1) ECM gel/nanofiber scaffold after processing, (2) ECM gel/nanofiber scaffold inserted 
into a cylindrical conduit prepared for implantation, and (3) in-vivo placement of the ECM conduit 
bridging a peripheral nerve gap in the rat sciatic nerve gap model.
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Brief Description
Advanced polymer nanofiber manufacturing technology enables 
fabrication of nanoyarns suitable for suture applications. Nanofiber 
architecture promotes favorable cell-biomaterial interactions that 
promote healing, such as an M2 regenerative response, organized 
extracellular matrix deposition, and cell differentiation toward 
preferred phenotypes. Electrospun nanofibers can be easily modified 
to include bioactive peptides to further enhance 
healing/regeneration.

Stage of Development 

Technology
This technology uses opposing automated tracks to immobilize and 
post-draw electrospun nanofibers to strength them. They are 
transferred to a continuous roll to enable twisting/winding into a 
yarn. Custom peptides are dissolved directly in the electrospinning 
solution to encapsulate in fibers.

Problem

Stage of Development: Protype Development
Partnerships: Co-Development, Licensing
Intellectual Property: Two granted US Patents and two US 
Patent Applications Filed

The regenerative potential of nanofiber architecture in sutures is well 
known; however manufacturing polymer nanofiber yarns faces 
technical challenges. High velocity nanofiber fabrication results in 
poor fiber organization, yarn uniformity, and scalable lengths.

High temperatures associated with conventional melt spun sutures 
can degenerate bioactive factors and peptides.

Device Design 

Solution
A multi-stage nanofiber yarn manufacturing process stabilizes 
aligned fibers, producing uniform, mechanically suitable nanoyarns 
for sutures. Bioactive peptides can be encapsulated without activity 
loss, and diverse polymers can be combined to tailor properties like 
drug release, strength, and degradation.

Advantages
•  Nanofiber architecture stimulates a regenerative healing 

response
•  Nanofiber sutures easily encapsulate bioactive peptides
• Nanofiber sutures have better flexibility and knot security and 

are less likely to tear through tissue

Nanoyarns as Next Generation Suture 
Materials

Dominique Hassinger1, Sean McMillan DO1,2,3,4 , Vince Beachley PhD1
 1Department of Biomedical Engineering, Rowan University, Glassboro, NJ, 2Virtua Our Lady of Lourdes 

Hospital & Virtua Willingboro Hospital, 3Virtua Medical Group Sports Medicine and Shoulder Service, 4Rowan 
University School of Osteopathic Medicine

Sample Break 
Force (N) Method of Failure

PDOII MF 20.5± 1.7

16.4 ±7.5

Knot (3)

2x knot unties, 1x tissue tear 
by suture  

PCL DR2 
Braided

6.91 ± 2.8

19.2 ± 6.7

Knot (3)

gauge length (3), 1 x pull out 
of grips 
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Peptide Sequence Functionality
Indolicidin ILPWKWPWWPWRR broad spectrum of biological activity, active against  

Gram+ & Gram−  bacteria, fungi and viruses

BPC 157 GEPPPGKPADDAGLV Boosts fibroblast activity, reduces inflammation, 
stimulates collagen and muscle protein synthesis

TB500 ACSDGETTQEKTFTSQA Promotes differentiation of progenitor cells, potent 
anti-inflammatory effects, induces angiogenesis

Peptide

Polymer 

Figure 1: Nanoyarn fabrication technique via electrospinning with custom rotating parallel tracks 
and post drawing capabilities a) custom electrospinning setup with rotating parallel tracks, b) 
aligned nanofiber sheet for nanoyarn fabrication  c) custom yarn spinning setup with adjustable 
twist per inch 

Figure 3: Suture specific testing of 
braided nanoyarns versus commercial 
control a) knot pull test setup b) tissue 
pull through setup c) USP 41 straight pull 
results d) knot pull and tissue pull 
through results 

Figure 2: Fabrication possibilities and manufacturing 
versatility of technique a) Scanning electron microscopy 
of multicomponent nanoyarn b) braided nanoyarn where 
each strand is a staple nanoyarn. Tick marks are 1 mm 
spacing. 

Figure 4 : Nanoyarns can be 
functionalized with biologic agents 
like peptides a) peptides of interest 
and their functionality b) concept of 
direct peptide incorporation into 
the electrospinning solution for a 
functionalized nanoyarn as a suture 
material. 

Knot pull, Tissue pull through 

a b

c

d
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