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The theory of the percolation has been proposed to solve the following problem: "What is the probability that the center of a porous material immersed in a fluid is wet?" This theory used in biomaterial domain permit to determine the percolation threshold of orthopaedic cement associated with porogenic agent containing drug. Porogenic agent containing Ibuprofen is introduced into phosphocalcic cement in order to ensure a sustained release as well as an interconnecting porosity. The granulometry and rate of introduced active agent are modified in order to study the influence of such parameters on the kinetic release. The knowledge of the percolation threshold of this "drug delivery system" permits to establish the link between dissolution profile of the drug, porous network and characteristics of the system. It can be used as element of pre-formulation and make it possible to predict the behaviour of the drug delivery system according to the characteristics of component constituting the system.

INTRODUCTION

Calcium phosphate cements (CPC) are widely used as biomaterial in clinical use. This material prepared by mixing powder with aqueous phase give a paste which can be moulded into bone defect or for some of them injected directly allowing the use of minimally invasive surgical techniques. In addition to their easy preparation process, CPC are bioactive, non-cytotoxic, osteoconductive and are gradually replace by new bone without volume loss. Moreover, calcium phosphate cements can be used as drug delivery systems to which several medications or drug such as antibiotic, antitumor, anti-inflammatory drugs [START_REF] Yu | Self-setting hydroxyapatite cement: A novem skeletal drug delivery system for antibiotics[END_REF][START_REF] Ginebra | Calcium phosphate cements: Competitive drug carriers for the musculoskeletal system?[END_REF], and so on can easily be added. Despite these advantages, CPC present low mechanical properties, compared to those of bone and the lack of macroporosity (especially interconnected pores) cannot permit bone cells colonisation and induce a degradation layer-by-layer from the outside to the inside only. To resolve this problem, many studies have focused on the association of porogenic agents with cements. Nevertheless, the formulation of these new composites needs to answer the following question: "which amount of porogenic agent and which size will permit to obtain a material with interconnected pore network?" We propose to use the percolation theory in order to solve this problem and permit the use of new parameter (the percolation threshold) as element of preformulation of CPC. This drug percolation threshold corresponds to a critical porosity, c, where the pore network, i.e. the initial pores and the pores filled up by the porogen containing Ibuprofen, just begins to span the whole matrix.

METHOD AND PROCEDURES

The calcium phosphate cements used in this study were Cementek, commercialised by Teknimed TM (France). They were composed of a solid phase made of a mixture of 38 wt% α-tricalcium phosphate, 49 wt% tetracalcium phosphate and 13 wt% sodium glycerophosphate and a liquid phase containing water, 32 wt% lime and 68 wt% phosphoric acid. A spherical porogenic agent containing 50 wt% of Ibuprofen were used with various amount (5, 10, 20, 30 and 40 wt%) and various granulometry (<315 µm, 400 µm<Ø<500 µm, 500<Ø<630 µm). Cement containing Ibuprofen were moulded into cylinder with 1cm diameter. In-vitro drug release has been performed in paddle dissolutest in accordance with European Pharmacopeia requirements.

The buffer solution were tris(hydroxymethyl) amino methane (0.05 M) with pH=7.4 at 37°C and with the paddle rotation rate at 100 rpm. Ibuprofen release was quantified by UV spectroscopy. The drug percolation threshold was calculated employing the method of Leuenberger and Bonny [START_REF] Bonny | Matrix type controlled release systems: I. Effect of percolation on drug dissolution kinetics[END_REF][START_REF] Bonny | Matrix type controlled release systems. II. Percolation effects in non-swellable matrices[END_REF].

RESULTS AND DISCUSSION

The data obtained from the dissolution studies were analysed using Higuchi representation (amount of Ibuprofen released versus square root of time) and slope of each dissolution profile (b) were determined. The property, β, of each composite was calculated according to the Leuenberger and Bonny method [START_REF] Bonny | Matrix type controlled release systems: I. Effect of percolation on drug dissolution kinetics[END_REF][START_REF] Bonny | Matrix type controlled release systems. II. Percolation effects in non-swellable matrices[END_REF]. This property derived from de diffusion coefficient and is defined as followed (eq 1):

β: property of the system b: slope of the Higuchi plot A: concentration of dispersed drug into the matrix : total porosity Cs: solubility of the drug in the permeating fluid Plotting β versus , the drug percolation threshold ( c ) can be readily calculated as the point of intersection with the abscissa (fig 1).

Fig 1: β parameter plotted versus total porosity of cements containing various amount of porogen containing Ibuprofen.

This percolation threshold corresponds to a critical porosity, c, where the pore network just begins to span the whole matrix and depends of the granulometry of the porogenic agent introduced. The percolation threshold of composites containing various diameter of porogen has been determined using the same method as describe above. The knowledge of initial porosity of the cement without porogen allows the calculation of porosity necessary we have to introduce into the system in order to reach the percolation threshold. The weight percentage of porogenic agent at which we can observe the formation of an infinite cluster which percolates the whole cement are represented in table 1. The linear relationship between the percolation threshold and the size of porogenic agent allows us to predict the behavior of various composites containing various size of porogen (fig 2). Also, the formulation of porous calcium phosphate cements with interconnected porosity can be easily made.

CONCLUSION

The formulation of porous cements with interconnected macropore is an important challenge for this material which contains only micropores. It should permit bone cells colonization and improve degradation of the composite implanted. The determination of percolation threshold of various systems allows us to determine the amount of porogen we have to introduce in order to induce the formation of an infinite cluster which percolates the whole cement. The linear relationship between the percolation threshold and the size of porogenic agent allows the prediction of the behavior of multiple cements containing this porogenic agent. The knowledge of this parameter can thus be used by the formulator as element for preformulation of interconnected pore cements.

Fig 2 :

 2 Fig 2: percolation threshold of 3 systems containing various diameter of porogen

Table 1 :

 1 percentage of porogen corresponding to the percolation threshold of composites.

	Porogen diameter	Percolation threshold
		% (w/w)
	Ø<315 µm	11.2%
	400 µm<Ø<500 µm	15%
	500 µm <Ø<630 µm	20.1%
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