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● Nanoceria functions as both an anti-inflammatory and anti-microbial 
making it a suitable candidate coating for implants. At the time of 
insertion, implants have a higher chance of becoming contaminated 
with bacteria resulting in subsequent infection of the area of surgery 
and device. The introduction of nanoceria allows for the generation of 
reactive oxygen species, which is toxic to gram positive and negative 
bacteria and can be beneficial to host cells within reasonable 
concentrations.

 
● Although we were able to observe the anti-microbial abilities of the 

fibers infused with nanoceria, more testing will need to be done in 
order to find the optimal concentration range brain tissue can 
withstand without it becoming toxic.

● PMMA solutions with varying concentrations of of Polyethylene and 
nanoceria will need to be tested for tensile strength and degradation 
rates under physiological conditions to confirm the fibers will be able to 
withstand long term implantation in the body. 

Force Analysis
Rstudios can be used to make a model that simulates the forces on the skull flap. 
With the model, these forces will be able to account for the possible different 
properties of the attachment method, such as the number of screws used, or 
how stiff the springs are.
A prototype involving a 3d print of the skull can be used to gather data of forces 
on the skull directly through a Shimpo force gauge. The force gauge will find the 
force necessary to cause the skull flap to begin descending, as well as the force 
in the springs as they are locked and straightened out.
Bacterial Adhesion
A single streptococcus colony, a common hospital acquired invasive group was 
cultured in broth overnight. The next day the broth was replaced with PBS and 
vortexed. 20 microliters of suspension was distributed into each dish and 
smeared evenly over the agar. Polyester threads soaked in nanoceria were 
placed in different petri dishes to observe the minimum concentration needed 
to observe antimicrobial properties.
Cell toxicity
A 96 well Plate was seeded with 150 microliters of cell suspension in each well. 6 
rows were filled with varying concentrations of nanoceria (0-50 microliters). MTT 
analysis was conducted to access the viability of cells after addition of nanoceria.

A Decompressive Craniectomy is a procedure when a piece of the skull is 
removed to allow for swelling of the brain due to a traumatic brain injury. A 
second surgery is usually required to replace the skull after the swelling has 
been reduced. A second surgery creates more risk for the patient, and 
therefore, a device must be created so another surgery is not needed. An 
artificial skull flap must be created that allows for swelling of the brain, but 
as the swelling decreases, the device will be level with the rest of the skull 
and protect the brain in the same way as the existing skull.

Problem Statement: A device must be produced which prevents the brain 
from interacting with the environment and to also allow the brain to 
swell freely.

The design uses a flat spring mechanism to elevate the skull flap that 
would allow for  an increase volume and decrease intracranial pressure. 
The skull flap can then be flattened and secured into the hole of the skull. 
A PMMA top that has slots and a lock mechanism built into it will be 
screwed on top of the skull flap. The flat spring will slide into these slots 
and lock when it is in the flatten position. 

We used a 3D print of a skull top and incorporated the flat spring mechanism. 
We tested whether the flat springs would elevate the skull flap and then flatten 
with added force. 

● Incorporate the PMMA/PE top into the prototype to test the lock 
mechanism and determine whether nanoceria will have the 
same antimicrobial properties when encapsulated in fibers 
versus fibers soaked in nanoceria. 

● Test degradation rate and tensile strength of PMMA/PE fibers to 
confirm stability of top cover.

● Test compatibility of nanoceria concentration with brain tissue 
samples to ensure health of cells.

● Observe whether anti-inflammatory properties of nanoceria will 
reduce swelling in brain.
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