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Abstract

BACKGROUND: Porous tricalcium phosphate/polymethyl methacrylate bone cement can overcome the poor osteoconduction of traditional
polymethyl methacrylate bone cement. But the addition of porogens may cause a significant reduction in the mechanical properties of

composite bone cements.

OBJECTIVE: To improve the mechanical properties of porous tricalcium phosphate/polymethyl methacrylate at different proportions, and to
observe the mechanical properties, agglomeration, porosity and biosafety of composite bone cements.

METHODS: Different groups of composite bone cements were prepared by adding different contents of tricalcium phosphate (40%, 50%, 60%)
in solid phase and hydroxyethyl methylacrylate (0%, 5%, 10%, 15%, 20%) in liquid phase. The compressive strength, bending strength,
maximum setting temperature, and setting time were measured, and screened the optimal ratio preliminarily. Then the pore formation
properties of the optimal specimens were observed by scanning electron microscopy at 12 weeks after soaking in simulated body fluid. The
osteogenic precursor cells were co-cultured with the preferred composite bone cement extract for 24 hours. The absorbance was then
measured by cell counting kit-8 assay, and the cell viability was calculated.

RESULTS AND CONCLUSION: The compressive strength of composite bone cement was increased when adding 40% and 50% of
tricalcium phosphate in solid phase, but decreased when tricalcium phosphate concentration reached 60%. The bending strength was
significantly decreased after adding tricalcium phosphate, showing a linear relationship. Addition of hydroxyethyl methylacrylate in liquid
phase could strengthen the compressive strength and bending strength of composite bone cements, but no longer enhanced the mechanical
properties when the concentration exceeded 15%. The maximum setting temperature of the composite bone cement was about 80 °C,
regardless of the contents of tricalcium phosphate and hydroxyethyl methylacrylate. The setting time prolonged with the increasing of
tricalcium phosphate and shortened with the increasing of hydroxyethyl methylacrylate. The formulas containing 50% tricalcium phosphate in
the solid phase and 0%, 5% and 10% hydroxyethyl methylacrylate, respectively in liquid phase were chosen as preferable groups. After
immersing in the simulated body fluid for 12 weeks, there was porous structure whose pore size was approximately 100 um formed on the
surface of composite bone cement. The cell viabilities of the preferable composite bone cement extract were all more than 75%, showing
there was no cytotoxicity. In conclusion, the addition of 50% tricalcium phosphate in solid phase and 10% hydroxyethyl methylacrylate A in
liquid phase into polymethyl methacrylate from the optimal composite bone cement formulation.

Subject headings: Polymethacrylic Acids; Calcium Phosphates; Bone Cements; Tissue Engineering

Funding: the National Natural Science Foundation of China, No. 51473004 (to ZF)

0 3|E Introduction

SR FH L P 4512 H I8 (polymethyl methacrylate, PMMA)
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Table 1 Pore-forming properties of different groups of composite
bone cements after soaking into simulated body fluid for 12 weeks

TiH THP50/00 44 THP50/05 41  THP50/10 44 P {H
L% (um) 100.8+20.4 95.9+18.0 100.6+15.7 0.830
LBmEACmM?)  11.1+1.4 10.0+2.2 9.5+1.7 0.394

FvE: THP50/00 5 JFt i 2030 S0% Tk R = 5 ) 5% FP 35 P65 198 P 7 /K e »
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Figure 1 Compressive strength of different composite bone
cements
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Figure 3 Maximal setting temperature of different composite bone
cements
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Figure 5 Surface topography of different composite bone cements
after soaking into simulated body fluid for 12 weeks (scanning
electric microscope, scale bar=1 mm)
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Figure 2 Bending strength of different composite bone cements
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Figure 4 Setting time of different composite bone cements
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