Compressive Strength of Porous Bone Cement/Polylactic Acid Composite Bone Scaffolds
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Abstract. Calcium phosphate bone cement (CPC), a bioceramic, is commonly used in artificial bone scaffold for impaired bones. In this study, CPC is mixed with polylactide (PLA) fibers and porogenic agent to form CPC/PLA composite bone scaffold. The compressive strength of the resulting bone scaffolds is evaluated and the fractured cross-section is observed by a scanning electron microscope (SEM), thereby determining the influence of fiber length. The experimental results show that the shorter the fiber is, the greater the compressive strength is. 
Introduction 
In recent years, many inorganic biomaterials have been developed for used as bone tissue scaffolds. For clinical application, this biomaterial should have avirulence and good mechanical properties, should be sterilizable, and should not cause allergy. In addition, it should be able to facilitate the cell attachment in vitro and have a porous structure for cell growth and good cell osteoconduction for bone tissue regeneration in vivo [1]. 
Owing to a high biocompatibility, CPC, a bioceramic, is a commonly used biomaterial. Being primarily composed of inorganic mineralization and hydroxyapatite, CPC has a greater osteoconduction and osteoinductivity than 316L stainless steel [2] or zirconia [3]. 
This study infuses CPC with PLA fiber to increase the compressive strength. PLA fiber, approved by Food and Drug Administration (FDA, U.S.), has good biocompatibility, biodegradation, non-toxicity, and mechanical properties [4-9]; therefore, it is widely used in relevant research on bone treatment. 
Experimental
Preparation of Samples
Calcium phosphate bone cement (CPC) is composed of Tetracalcium phosphate/dicalcium phosphate anhydrous (Ca4P2O9, abbreviated as TTCP/ CaHPO4 abbreviated as DCPA) biphasic powder. The hardening solution is 1M diammonium hydrogen phosphate ((NH4)2HPO4) solution and provided by Sigma-Aldrich, U.S.A. Sodium chloride (NaCl) powder is provided by Shimakyu’s Pure Chemical, Japan. The 75D/36f PLA fiber (Unitika Ltd., Japan) has a strength of 3.9 g/D and an elongation of 30 %. 
Procedure
CPC, PLA fiber, and NaCl powder are mixed by a mixer (DC-IRT, Taiwan, R.O.C.) for two minutes, infused with the hardening solution, poured into a stainless steel mold, placed in a shaking bath (DOB-10, Taiwan, R.O.C.) at 37 ℃ for 24 hours, removed from the mold, placed again in the shaking bath at 37 ℃ for 48 hours for hardening, immersed in deionized water for 12 hours to remove NaCl, and dried in an oven at 37 ℃ for 12 hours to form the CPC/PLA composite bone scaffolds. After the compressive strength of the bone scaffolds is evaluated, their fractured cross-sections are observed by a SEM to measure pore size and fiber agglomeration.
Tests 
The measurement of compressive strength is performed by an Instron 5566 (Instron, U.S.A.). The test speed is 1 min/mm and the samples are 12 mm high with a diameter of 6 mm. Afterwards, the fractured samples are observed by an SEM (HITACHI S3000N, Japan).  
Results and Discussion 
Compressive Strength
	Figure 1 shows the compressive strength of the CPC/PET composite bone scaffolds. With the addition of 1 mm long PLA fiber, the bone scaffolds are able to bear a compressive strength of 180 N. However, with an increase in the PLA fiber length, the compressive strength decreases, which is ascribed to the fiber agglomeration. The agglomeration becomes apparent as a result of the ever-increasing fiber length. 
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Figure 1. The compressive strength of the CPC/PLA composite bone scaffolds as related to various PLA fiber lengths. 

SEM Observation 
    Figure 2 shows the SEM images of the fractured CPC/PLA composite bone scaffolds. Figure 2 (B) shows that the 1 mm long PLA fibers have a good distribution in the CPC matrix, while the 2 mm or 3 mm long PLA fiber form agglomeration which cannot be enclosed by the CPC matrix, as seen in Figures 2 (C and D).
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Figure 2. SEM images (x 30) of the CPC/PLA composite bone scaffolds containing B) 1 mm, C) 2mm, and D) 3mm long PLA fibers. (A) is the control group.



Conclusion 
This study successfully creates the porous composite bone scaffolds by infusing PLA fiber to CPC. According to the experimental results, the compressive strength of the CPC/PLA composite bone depends on the PLA fiber length. 
The composite bone scaffolds have optimal compressive strength when they contain PLA fibers with a length of 1 mm. As shown in SEM observation, 1 mm long PLA fibers do not create agglomeration, and thus produce a better compressive strength.
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