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Abstract: In this study, the effect of the ratio of different components of the liquid phase on the properties of
polymethyl methacrylate bone cement was investigated. Polymethyl methacrylate microspheres were synthesized
through the emulsion method. Scanning electron microscope observations showed that microspheres with a size
of 20 microns were obtained. The optimized bone cement, in terms of mechanical strength and setting time, was
achieved by changing the molar ratio of methyl methacrylate (as monomer), benzoyl peroxide (as an initiator), and
methyl toluene (as an activator). The presence of benzoyl peroxide, methyl toluidine, and hydroquinone (as the
inhibitory agent) was confirmed by Fourier transform spectroscopy analysis. The setting time varied from 10
minutes to 24 hours, and the compressive strength and elastic modulus ranged from 7 to 60 MPa and 0.15 to 0.88
GPa, respectively. The results from thermometry analysis showed that the heat of reaction of the cements increased
upon increasing the molar ratio of benzoyl peroxide to methyl toluene. The phase analysis of the optimized bone
cement confirmed the presence of both amorphous and crystalline phases related to methyl methacrylate. Cell
studies showed that the cement was non-toxic and exhibited adequate fibroblast cell adhesion. According to the
results, the cement may be appropriate for the treatment of spinal damages, such as vetebroplasty and kyphoplasty.
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1. INTRODUCTION

Nowadays, the use of different types of ceramic and
polymer bone cements to repair bone injuries is
expanding. Among these, methyl methacrylate-based
cements have many applications in repairing bone
damages in different areas of the body (Corbett et al.

2010).

In this research, the effect of the ratio of different
liquid phase components on the properties of polymethyl
methacrylate bone cement was investigated.

2. MATERIALS AND METHODS
After synthesizing the powder phase containing
polymethyl methacrylate microsphere by emulsion

method, the desired cement was produced through Figure 1. SEM observation of PMMA microspheres
changing the molar ratio of benzoyl peroxide, as an 8.5
initiator, and methyl toluidine, as an activator, in the 75
liquid phase. ~ 6.5 1
3. RESULTS AND DISCUSSION %55 -2
Scanning Electron Microscope (SEM) observations §§: :g
revealed the formation of microspheres with a size range £ 2'; 6
of 20 microns (Figure 1). 1';
Thermometry values indicated that the heat of (']‘
reaction of the cements increased upon increasing the 0 010203040506 07 08 09 1
molar ratio of benzoyl peroxide to methyl toluene. The Extension (mm)
compressive strength and elastic modulus ranged from 7
to 60 MPa and 0.15 to 0.88 GPa, respectively, as the Figure 2. Force-Strain curves of different types of PMMA
molar ratios were varied (Figure 2). cements
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The presence of benzoyl peroxide, methyl toluidine,
and hydroquinone, as the inhibitors in the liquid phase,
was confirmed by Fourier Transform Spectroscopic
Infrared (FTIR) analysis (Figure 3).
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Figure 3. FTIR diagrams of different liquid phases
0.5
Phase analysis confirmed the presence of amorphous
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and crystalline phases related to methyl methacrylate in
cement as well (Figure 4).

Days of Immersion

Figure 5. Fibroblast attachment and MMT assay of
PMMA cement

4, CONCLUSION
According to the obtained results, this type of cement has
the necessary potential to treat spinal repair.
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