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Statement of Purpose: Standard two-solution bone 
cement (STSBC) has emerged as an alternative to 
powder-liquid formulations, having the advantage of 
being less porous and having higher flexural strength and 
modulus of elasticity1,2. Nevertheless, these cements have 
a relative high viscosity for a low polymer-to-monomer 
ratio (P:M 0.9:1). In order to extend the application of this 
material, it is desirable to achieve a reduction in the 
viscosity associated with a simultaneous reduction in the 
amount of liquid monomer required for the preparation of 
these cements. The overall goal of this study is to develop 
novel two-solution cements presenting reduced monomer 
concentration and lower viscosities by the complete 
substitution of the linear PMMA phase of the mixture by 
PMMA brushes (PMMA-g-PMMA) tethered on the 
surface of cross-linked PMMA nanoparticles. The cross-
linked core of the spherical brush will swell in monomer 
and the tethered chains will play a similar role to the  
dissolved linear polymer imparting viscosity to the 
mixture and providing a mechanically coupled interface at 
the surface of the beads. In this work, the viability of 
preparing two-solution cements at high P:M ratios 
containing nanospherical brushes synthesized at specific 
reaction conditions will be evaluated through 
measurements of viscosity and exothermal properties of 
the cements.   
Methods: PMMA nanospherical brushes were tethered on 
the surface of cross-linked PMMA nanospheres (300-330 
nm in diameter) via free radical graft copolymerization of 
methyl methacrylate (MMA) in water suspension using 
potassium persulfate (KPS) as the initiator. Prior to 
grafting, cross-linked nanospheres were subjected to 
modification reactions for addition of double bond groups 
on the surface, which served as the initiation sites for 
graft polymerization. The reactions were performed at 
MMA concentrations of 5 and 10 wt% with varying KPS 
concentrations from 0.1 to 1 wt% for the synthesis of 
brushes of different molecular weights and graft 
architectures. Molecular weights of grafted chains were 
determined using GPC (Waters 2414).  Selected brush 
compositions based on graft molecular weight (with at 
least 80,000 g/mol) were added to two-solution cements, 
which were prepared as described in the literature1,2. 
Brush-cements were prepared at increasing P:M ratios 
(from 1:1 to 1.5:1) and were subjected to viscosity 
measurements using a Brookfield Digital Viscometer 
(DV-E) operated at increasing rotational speeds. 
Maximum polymerization exotherm and setting times 
were recorded according to ASTM standard F451. The 
results are compared with the STSBC formulation 
prepared with commercial linear PMMA (80,000 g/mol) 
and cements prepared with a mixture of nanospheres and 
linear PMMA.  
Results: Cement solutions containing PMMA brushes 
synthesized at a fixed MMA concentration of  5 wt% and 
0.40 wt% KPS were prepared in order to explore the 

viability of substituting the linear polymer portion of the 
standard two-solution cements by PMMA brushes. Grafts 
synthesized at this specific combination of initiator and 
monomer exhibited molecular weight of approximately 
150,000 g/mol. Cements were prepared at increasing 
volume fraction of brushes, in which it was possible to 
mix solutions at ratios up to 1.5:1. At a P:M of 1.5:1, the 
cement dough presented reasonable viscosity and 
handling characteristics. This is a significant increase in 
the P:M ratio as compared to the STSBC and cements 
made with a mixture of nanospheres and linear polymer 
as the powder phase. The static viscosity results for the 
brush-containing cements are shown in Figure 1. From 
this figure, it is possible to observe that the cement 
composition of 1.3:1 has viscosity in the range of the 
STSBC (with a P:M of 0.9:1). This composition showed 
maximum polymerization temperatures and setting times 
in the range measured for the standard formulation, 
88.9oC and 6.5 minutes, respectively. These initial results 
showed that complete substitution of the linear PMMA 
could be accomplished by the addition of PMMA brushes 
at high P:M ratios. 

 
 

Figure 1. Viscosity as function of rotational speeds for brushes 
containing cement in comparison to the standard formulation. 
 

Conclusions: The addition of PMMA brushes in two-
solution cement enabled the preparation of solutions at 
high P:M ratios, exhibiting lower viscosities than the 
standard formulation. Furthermore, the substitution for 
nanospherical brushes may allow enhanced mechanical 
properties through physical entanglements of the grafts 
with polymerized chains in the cement matrix.  These 
multi-solution cements are expected to find applications 
in vertebroplasty, which requires tailored viscosities and 
setting characteristics for optimal injection. Brush-
cements prepared at different P:M ratios and with brushes 
synthesized at particular reaction conditions will be 
characterized for mechanical and physical properties in 
follow up studies. 
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