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Background

Decompressive craniectomy is a surgical procedure used to treat traumatic
brain injuries that result in brain swelling. The procedure works like a pressure
release valve. By removing a section of the skull, the brain now has space
through which it can swell, thus decreasing the pressure applied to the brain
from the closed skull. However, surgeons must leave the skull open for 2-24
weeks for the brain to have sufficient healing time and return to normal
intracranial pressure. In the weeks while the piece of skull is removed and the
brain is exposed to atmospheric pressure, there can be several neurologic
side effects. Additionally, the patient must eventually have a second brain
surgery for the piece of skull, called the skull flap, to be reattached.
Therefore, we have endeavored to design an artificial skull flap that could be
implanted immediately and provide both the protective and pressure release
functions. All critical design parameters were derived from our client Dr.
James Warnock and the International ASTM Standard Specification for
Preformed Cranioplasty Plates. Our prototype design process, mechanical
testing methods, and results will provide insight into the final effectiveness of
the product.

Our project’s objective is to design an implantable device that will
replace an excised skull fragment after a craniectomy. The design’smain
characteristics are flexibility and rigidity to relieve intracranial pressure
from brain swelling, and to protect the brain from outside trauma,
respectively.

Client requirements:
• Flexibility for brain swelling
• Maintain its shape
• Unadhered to brain matter

• The flap could withstand a max average pressure of 14 psi with max
movement of 3 mm; however, the testing showed an inconsistent
application of pressure over time.

• Further testing must be conducted on the prototype and ideal
materials including biocompatibility testing, deflection and
compression measurements, ease of sterilization, and ease of
handling in the operating room.

• The ideal materials to be used in the final product include a hydrogel-
elastomer customized to match silicone mechanical properties,
in conjunction with ceramic or cement as the rigid inner layer.

ResultsMaterials & Methods

Conclusions & Future Plans

Figure 1. Depiction of surgical procedures (craniectomy and cranioplasty)
to treat traumatic brain injuries.

Figure 2. Steps of the fabrication process to generate the prototype.

Figure 3. A) Digital model of the final product with a soft material in blue and a
rigid material in gray. B) CAD drawing for silicone molds C) CAD drawing of the rigid
mesh used within the prototype.

Figure 4. A) Different sized versions of the same prototype with the 3D printed
polylactic acid (PLA) plastic rigic piece surrounded by flexible silicone. B & C)
Prototypes inserted in plastic skull cavities with a red balloon simulating the brain.

Figure 5. A) Measured force exerted during inflation/deflation cycles by a
balloon against the cranium every 5 sec using an Arduino pressure sensor
with antistatic foam. B & C) Depictions of the set up used to get the
measurements using a plastic skull, Arduino sensor, balloon, and air
compressor.
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• 3-5 mm thickness
• Withstand 18-25 mmHg intracranial

pressure
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