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Graphene is a single carbon layer arranged 

in a hexagonal structure and is synthesized 

via Chemical Vapor Deposition (CVD).
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Tissue engineering (TE) focuses on 

restoring, maintaining, and improving 

damaged tissue and organs.

Bioscaffold Requirements:

• Mechanically properties similar to 

target tissue

• Cells 

• Growth Factors

• Biocompatible

LumenX:

• Digital Light Projection (DLP)

• 405 nm crosslinking light

• 50µm resolution

Bioink Components:

• Photoinitiator (PI)

• Hydrogel

• Photoabsorber (PA)

Goal: To develop a bioink for the 

LumenX in order to print bioscaffold

who’s properties act as growth factors 

for tissue regeneration, and benchmark 

to graphene foam.

Tissue Engineering

• Organ shortage crisis

• Limited tissue 

regeneration abilities 

of the body

• Inadequate current 

treatments

Nanomaterials such as graphene can be introduced to bioinks in 

order to utilize its mechanical and conductive properties. Previous 

work has focused on using graphene foam by itself as a scaffold, 

where bioprinting could give more control over scaffold parameters.

Why Graphene?

The purpose of using bioprinters is to be able to control the 

parameters of the scaffold.

C2C12 Cells

• Mouse Myoblast Cell Line

• Muscle tissue regeneration

Micro CT of 
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microstructure 

analysis
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Goal: To functionalize a bioink that can be printed as a scaffold on 

the LumenX while controlling the properties using CAD design 

software.

• Test different  

formulations of bioinks

with different 

concentrations of PI, 

hydrogel, and PA. 

• Measure rheological 

properties and 

resolution of the inks

• Incorporate conductive 

nanomaterials into inks

3. HCl is used to 

selectively etch away 

the nickel and leave 

only graphene foam.
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1. Nickel foam is 

placed in the 

furnace where it is 

heated in a vacuum 

and exposed to 

methane gas.

Chemical Structure of 

Graphene4

2. Methane is 

used to deposit 

carbon on the 

nickel foam.
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Cellink LumenX bioprinter available in 

the ANML lab3

This work was supported by the National Science Foundation via the Research Experience for 
Undergraduates Site: Materials for Society (Award Nos. DMR 1658076 and 1950305). David 
Estrada acknowledges career development support under the Institutional Development Awards 
(IDeA) from the National Institute of General Medical Sciences of the National Institutes of Health 

under Grants P20GM103408 and P20GM109095. Mone’t Alberts acknowledges support under 
NSF B2D Award 1906160. [1] American Academy of Orthopedic Surgeons. [2] Created by Mone’t
Alberts. [3] https://www.cellink.com/. [4] https://www.acsmaterial.com/blog-detail/industrial-scale-
graphene-nanoplatelets-dispersions.html [5] Cell Line Profile; C2C12. European Collection of 
Authenticated Cell Cultures (ECACC). Received from https://www.phe-

culturecollections.org.uk/media/157858/c2c12-cell-line-profile.pdf [6] Micro CT taken by Estrada 
Group.

Tissue Engineering Infographic1

2


