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e Titanium and stainless
steel
—Not biodegradable

—High elastic modulus
causes stress shielding

—Can damage bone
during screw removal

BEFORE AFTER
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PROBLEM
Currently, orthopedic screws are made of titanium and stainless steel
	Disadvantages:
The greatest disadvantage of using metal for orthopedic screws is that the material is not biodegradable, which means that the screw must be removed in an additional procedure.
Titanium has a high elastic modulus which results in stress shielding and weakens the bone.
Another disadvantage is that removal of the screw during the second surgery can cause further damage to the bone.
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Objective

To develop a suitable, biocompatible composite
material with properties similar to those of bone to be
used in the 3D printing of orthopedic implants.
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Our overall objective is to develop a biocompatible, biodegradable composite material that has properties similar to those of bone so that a second surgery is avoided and that we may use this material to directly 3D print orthopedic implants.

This material will then be compared with adult human cadaver bone to determine its sufficiency for implant use.
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*PLA

—Thermoplastic polyester, low cost, biocompatible,
biodegradable, long degradation time

cHA

—Bioceramic, makes up 50% by volume of human bone,
osteoconductive

In combination, PLA and HA form a biodegradable
composite material that is inexpensive and promotes
bone growth.
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The composite material that I worked with is composed of two biocompatible materials.

PLA, which stands for polylactic acid, was chosen because of its common use in 3D printing, low cost, biodegradability, and it degrades slowly over time.

HA, which stands for hydroxyapatite, is a bioceramic material that makes up the majority of human bones. HA is also osteoconductive, meaning it will promote bone growth in and around the area of fracture.
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The first step of this process was to create the composite mixtures. We mixed HA powder with PLA pellets in the Brabender torque rheometer to make 5 different composite mixtures with HA contents that range from 10 to 50 % by volume.
 
Compression and tensile molds printed with ABS. With these 3 part molds, 4 compression and tensile samples for each composite were casted using compression molding.

These specimens were then tested for compressive and tensile strength, as well as elasticity.

The last step will be to design a mold to cast an orthopedic screw for further testing.
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Samples with 40-50 vol % HA experience least deformation
under 500 N compressive load.
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From the compression test, we are able to observe the stiffness of the composite mixtures. 

From this graph, we can see that samples with 40-50% volume HA experience the least amount of deformation when subjected to a 500 N load. 

We can then infer that the stiffness of the material depends on the HA content.
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Strain

Sample with 50 vol % HA show greatest ratio of stress to strain.
At 25% strain, 50% volume HA sample has compressive strength
of 2.34 MPa.
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From our compression testing results, we were able to calculate the stress and strain of the materials.

It should be noted that the compressive load reaches a maximum of 500 N, and our samples did not reach maximum compressive strength. 
However, we can use our acquired data to compare compressive strength of our material with that of bone at 25% strain. We can do this because of the linear nature of the elastic region of a stress-strain graph.

CLICK NEXT FOR RED BOX

Strain represents the fractional deformation with reference to a specimen’s total depth. So, at .25 strain, which is when a material is compressed 25% of its total depth, we are able to calculate that the sample with 50 vol % HA has a compressive strength of 2.34 MPa.
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Samples with 30-50% volume HA have greatest elasticity.
Elasticity of 50% volume HA sample is 8.2% of that of bone.
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Young’s modulus, also known as the modulus of elasticity, can be calculated in a similar manner. 

What this graph tells us is that, once again, samples with higher HA content, specifically the 30-50% samples, have the greatest observed elasticity.

When compared with bone, the 50% volume HA sample is 8.2% of that of bone.
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Samples with 50 volume % HA have a relative density of
~92% wrt. human cadaver bone.
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The average densities of each of the composite mixtures was experimentally measured using Archimedes’ principle. 

This data tells us that the 50% volume HA material has the highest relative density at 92% wrt bone.
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Comparison wrt. Bone

Titanium 50% vol HA/PLA
Composite
Relative Density (%0) 250 92
Relative Young’s 550 8.2
Modulus at 25% strain
(%0)
Relative Compressive 851 8.2

Strength
at 25% strain (%)

Density of 50 volume % HA sample is closer to that of bone than Ti.
Lower Young’s modulus than that of Ti eliminates stress shielding.
Lower compressive strength eliminates damage to surrounding bone.
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From the results and analysis, we are now able to compare current titanium materials with the 50% vol HA/PLA composite.
The values in the table represent percentages wrt bone.

Density of PLA/HA composite is almost equal to that of bone, while Ti density is 2.5x larger.
We were able to achieve a lower young’s modulus than that of Ti, eliminating the problem of stress shielding.
Looking at compressive strength, we can predict that our composite material will not cause damage to the surrounding bone, which is common with high compressive strength materials like Ti. 
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* 50 volume % HA samples most similar to bone
 Use as small-defect filler in low-load applications
 Human infant, feline, and canine fixations

Cartilage: Infant vs. Adult Skeleton

Infant Adult

More cartilage Less cartilage
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The overall significance of these findings is that, of the 5 tested samples, the composite with 50% volume HA has properties that are most similar to those of bone.

While the experimentally determined compressive strength and elasticity of our material are lower than those of bone, this material can be expected to be used as a small-defect filler in low-load application.

That being said, human infants have more cartilage and softer bones than adults, so our composite can be expected to be used for bone repair in younger bodies.
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 Biopolyester material filler, such as polyhydroxyalkanoate
(PHA), combined with PLA/HA composite for
modification of material flexibility

 Formulation of a composite with higher HA content to
Improve mechanical strength and elasticity

 Design and fabrication of 3D printed orthopedic screw
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Because we would ultimately like to 3D print with this material, biopolyesters and biodegradable elastomers will be combined with the PLA/HA composite to give our material more flexibility

Because our material was observed to have a low compressive strenght and elasticity in comparison to human adult bone, the formulation of a composite with a higher HA content will potentially improve the mechanical strength and elasticity of the material.

When we have achieved a more favorable material flexibility, we will directly 3D print orthopedic screws to be further tested in vivo 
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