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Statement of Purpose: Orofacial cleft palates affect 1 of 
700 children in the United States. Treatment consists of a 
series of surgeries beginning at 3 months and continuing 
through adolescence to complete hard palate closure, 
normal occlusion, and healthy dentition. The goal of this 
research is to develop materials and devices useful for 
cleft palate reconstruction to reduce pain, the number of 
required surgeries, and time and cost for complete palate 
repair. To accomplish this goal, elastomeric, resorbable 
polymers comprised of poly (1,8 octanediol citrate) 
(POC) were selected to be incorporated with 
nanohydroxyapatite (nHA) particles to finely control the 
material mechanical properties. It is desired to develop 
materials with forces capable of palate closure based on 
current orthodontic forces for palate movement 
(approximately, 1 to 10 N). The materials will be molded 
to patient specific shapes (Figure 1A) based on starch 
based palate molds from patients (Figure 1B). The 
elastomeric property allows the material to return to 
premolded condition while exerting pressure on the hard 
palate to induce contraction or stretching. The resorptive 
capacity eliminates the need for material removal, thus 
reducing surgeries. The hypothesis of this project is that 
bioresorbable, elastomeric POC can be modified using 
nHA particles to increase elasticity, elongation to break, 
and tensile strength in the reconstruction of cleft palates. 

 
Figure 1. A. Bilateral cleft palate and lip B. Bilateral cleft 

palate mold to model nanocomposite constructs  
Methods: POC was synthesized by melting equimolar 
amounts of citric acid and 1,8 octanediol. POC was 
dissolved in acetone and 0, 3, and 5% 200 nm nHA 
particles were added after being wrapped with 
polyethylene glycol (PEG). Sheets of composite materials 
were polymerized at 80°C for 48 hours. Uniform shapes 
(ASTM D-638-IV) were cut and assessed for tensile 
strength, elongation to break, and elasticity using an 
Instron mechanical tester with a 100 N load cell. 
Results: The results indicate an increased percentage of 
incorporated nHA particles produced an increase in 
elastic modulus and tensile strength. (Figure 2) A 
significant difference was observed for both tensile 
strength and elastic modulus for the 5% composite 
compared to 0 and 3% composites.  
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Figure 2. Tensile strength (A) and elastic modulus (B) 
increases with increasing addition of HA nanoparticles. 

Conclusions:  The desired material for cleft palate repair 
is highly elastic and able to apply a force between 1 to 10 
N to the hard palate. The composites were capable of 
sustaining forces from 4 to 24 N. POC+PEG with 200 nm 
particles demonstrated increased elastic modulus and 
tensile strength with a slight decrease in extension at 
break with increasing amounts of incorporated nHA. The 
results showed the capability of nHA particles to enhance 
the mechanical properties of POC making it applicable for 
a cleft palate closure device. Future work will include 
TEM (transmission electron microscopy) observation of 
the HA nanoparticles with and without PEG wrapping, 
evaluation of mechanical property changes with increased 
HA nanoparticle concentration to 10 and 20%, and a 
comparison of mechanical properties of other poly (diol 
citrates). 
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