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Purpose: Using Titanium Carbide (Ti#C$ )MXene to 
enhance electrical conductivity in printable bioscaffolds to 
allow cells to grow and differentiate in an effort to create 

implantable musculoskeletal tissue grafts.

Problem
• Musculoskeletal injury and disease are the top 

causes of physical disability throughout the world
• 1 in 6 people suffer from severe physical disability
Current Solutions & Drawbacks
• Pain management injections → Temporary solution
• Physical therapy and exercise → Lengthy treatment
• Relaxation techniques and acupuncture → Less 

helpful for severe cases
Proposed Solution & Why 
• Implantable cell-laden bioscaffolds → Specific to 

patient, long-term solution, one time fix
Challenge
• A conductive environment is necessary for 

electrical stimulus to promote cell growth →
Current hydrogel inks are not conductive

GelMA Results
• Did not crosslink well with higher 

concentrations of Ti!C" MXene
• Printed better with higher dilution 

ratio (10:2)

GelXA Results
• Gel contained unavoidable air 

pockets due to composition
• Cells migrated outside the 

scaffold

Cellink Results
• Crosslinked well, especially with 

higher Ti!C" MXene 
concentrations

• Had the best cell viability
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Ink Type GelMA GelXA Cellink

Printability 2 3 1

Cell 
Viability 2 3 1

Conductivity 1 3 2

Rating from Best (1) to Worst (3) ResultsConductivity of Scaffolds with MXene

Conclusion
Overall, 1.0 mg/mL MXene with Cellink 
had an optimal outcome for allowing the 
cells to grow, duplicate, and maintain 
viability while sustaining an adequate 
conductive environment to preserve optimal 
functionality of the cells as well as helping 
the myotubular fibers to elongate.

These results can aid in the process of 
developing a conductive printable 
bioscaffold to electrically stimulate cells, 
promoting differentiation which can 
ultimately lead to an implantable device that 
is a more effective form of treatment than 
those currently available.

Future Work & Related Hypotheses
• Testing for cell viability after a longer period of 

time → Cell viability will be lower after a longer 
timeframe

• Testing higher concentrations of MXene in 
Cellink to see effects of conductivity and cell 
viability → Higher concentrations of MXene will 
increase conductivity and decrease cell viability

• Testing structural integrity of cross-linking via 
nanoindentation tapping methods → Cellink will 
have the best structural integrity after chemically 
cross-linking

• Using differentiation media on scaffolds → Cells 
will turn into Musculoskeletal cells 

• Testing for gene expression using PCR → PCR 
will reveal that the cells are able to differentiate 
into Musculoskeletal cells on the scaffold
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