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a b s t r a c t

Porosity and interconnectivity are important properties of calcium phosphate cements (CPCs) and bone-
replacement materials. Porosity of CPCs can be achieved by adding polymeric biodegradable pore-gener-
ating particles (porogens), which can add porosity to the CPC and can also be used as a drug-delivery sys-
tem. Porosity affects the mechanical properties of CPCs, and hence is of relevance for clinical application
of these cements. The current study focused on the effect of combinations of polymeric mesoporous por-
ogens on the properties of a CPC, such as specific surface area, porosity and interconnectivity and the
development of mechanical properties. CPC powder was mixed with different amounts of PLGA porogens
of various molecular weights and porogen sizes. The major factors affecting the properties of the CPC
were related to the amount of porogen loaded and the porogen size; the molecular weight did not show
a significant effect per se. A minimal porogen size of 40 lm in 30 wt.% seems to produce a CPC with
mechanical properties, porosity and interconnectivity suitable for clinical applications. The properties
studied here, and induced by the porogen and CPC, can be used as a guide to evoke a specific host-
response to maintain CPC integrity and to generate an explicit bone ingrowth.
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1. Introduction

Injectable calcium phosphate cements (CPCs) are excellent
materials for bone-grafting procedures. CPCs adapt to the bone de-
fect, are biocompatible, osteoconductive and have a composition
similar to that of natural bone [1,2]. On the other hand, their
degradation behavior is poor when delivered as a solid and is
controlled via a layer-by-layer mechanism, which hampers the
bone-remodeling process [3,4]. Increasing the porosity and inter-
connectivity of CPCs allows transport of body fluids within the
CPC scaffolds, enhances their degradation and also improves the
possibility that proteins and cells will colonize the CPCs [5]. Several
methods to obtain porous CPCs have already been studied [6,7].
One of the more common methods to increase the porosity of CPCs
is by including degradable pore-generating microparticles, known

as porogens [8,9]. Relevant material properties, such as porosity
and interconnectivity, can be affected by the amount, size and type
of polymer used to prepare the microparticles [10,11]. Poly(D,L-lac-
tic-co-glycolic acid) (PLGA) is a biodegradable material that can be
used for such a purpose [12]. PLGA degrades via a nonenzymatical
hydrolytic mechanism and is a porogen, which can be loaded with
drugs or proteins [13,14]. PLGA microparticles can be produced by
a water-in-oil-in-water (W/O/W) double-emulsion technique [15–
17]. Several parameters, i.e. amount of solvent, temperature, emul-
sification and agitation, affect the size and morphology of PLGA
microparticles produced by this technique [18–22]. Increasing
the porosity reduces the mechanical properties of the material,
which can have an effect on the final clinical application [23]. This
has been confirmed by finite-element and mathematical models
[24–26]. These approaches permit the calculation of the expected
stress and Young’s modulus. Porosity on calcium phosphate (CaP)
materials is categorized as follows [27]: macroporosity (330–
100 lm), mesoporosity (100–10 lm) and microporosity (10 lm–
30 Å).
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