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Abstract Synthetic calcium phosphate ceramics as

b-tricalcium phosphate (Ca3(PO4)2; b-TCP) are currently

successfully used in human bone surgery. The aim of this

work was to evaluate the influence of the presence of

sodium ion in b-TCP on its mechanical and biological

properties. Five Na-doped-b-TCP [Ca10.5-x/2Nax(PO4)7,

0 B x B 1] microporous pellets were prepared via solid

phase synthesis, and their physico-chemical data (lattice

compacity, density, porosity, compressive strength, infra-

red spectra) denote an increase of the mechanical proper-

ties and a decrease of the solubility when the sodium

content is raised. On the other hand, the in vitro study of

MC3T3-E1 cell activity (morphology, MTS assay and ALP

activity) shows that the incorporation of sodium does not

modify the bioactivity of the b-TCP. These results strongly

suggest that Na-doped-b-TCP appear to be good candidates

for their use as bone substitutes.

1 Introduction

Calcium phosphate materials are biocompatible, capable of

bonding chemically to bone [1]. Most of the ceramics used

as bone substitute materials are made of calcium phosphate

[2, 3] because of their chemical similarity with bone

mineral [4]. Among calcium phosphate ceramics, b-trical-

cium phosphate [Ca3(PO4)2; b-TCP) is currently used with

success in human bone surgery. However, such bioce-

ramics show limited mechanical properties [5–7], which

means a significant amount of research has yet to be done

before they can compete with autologous bone grafting

procedure, especially in loaded surgical sites.

A possible way to modify both mechanical and biolog-

ical properties of b-TCP ceramics consists in a partial

replacement of calcium by specific elements. For instance,

partial Zn for Ca substitutions in the b-TCP lattice can

promote bone stimulation [8] and decrease the solubility of

the material [9]. Our more recent work was focused on the

Na for Ca substitution, previously described in the litera-

ture [10]. Chemical routes for synthesizing Na-doped-

b-TCP were thus explored and the resulting materials were

characterized using both 31P MAS-NMR and XRD meth-

ods [11]. In the present work, we report both mechanical

and in vitro biological properties of a series of Na-doped-

b-TCP [Ca10.5-x/2Nax(PO4)7, 0 B x B 1], as a function of

the Na for Ca substitution rate x. Accordingly, microporous

pellets of the considered ceramics were prepared and their

structure (atomic compacity, porosity), infrared absorption

solubility and hardness were analyzed. The viability and

activity (alkaline phosphatase) of an osteoblastic cell line

(MC3T3-E1), cultured in contact with various Na-doped-

b-TCP pellets, were then studied.

2 Materials and methods

2.1 Synthesis of b-TCP pellets

Syntheses of b-TCP with different Na quantities (Table 1)

were performed via solid phase reaction [10]. CaHPO4,
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CaCO3 and Na2CO3 were crushed in an agate mortar for

30 min.

For each composition, 20 pellets (20 mm of diameter

and 5 mm of thickness) were prepared via uniaxial com-

pression. b-TCP microporous ceramics were obtained after

sintering the pellets at 1,000�C for 24 h, according to the

following reaction:

7 CaHPO4 þ 3:5� x=2ð ÞCaCO3 þ x=2 Na2CO3

! Ca10:5�x=2Nax PO4ð Þ7þ3:5 CO2 þ 3:5 H2O

2.2 b-TCP pellets characterization

The Na content of the b-TCP samples was measured via

atomic absorption spectrometry. 100 mg of sample were

dissolved in 2 ml of a 10% HCl solution then diluted

in a 0.2% KCl solution. Analyses were performed at

589 nm, under an air/acetylene flame with a Na-lamp using

an Unicam Solaar 989 atomic absorption spectrometer

(Thomas Jarell Ash, Cambridge, UK).

Infrared data were registered with a Nicolet Magna II

550 Fourier transform infra-red spectrometer (4 cm-1

resolution and 100 cumulated scans). The samples were

pressed in KBr pellets. The spectra were automatically

baseline corrected by OMNIC software package (Omnic

7.1, Thermo Electron Corporation, Madison, USA).

For each kind of sample, the total porosity and distri-

bution of pores was measured using an Autopore III 940

mercury porosimeter (Micromeritics, USA).

The compressive strength value of the pellets was

obtained from Vickers hardness measurements. Both elas-

tic limit (re) and compressive strength (rc) are equivalent

for ceramics because these materials are brittle without

plastic domain. For ceramics, the elastic limit is directly

linked to the hardness (Hm) by the following equation:

Hm = 3 re = 3 rc [12].For these reasons, the compressive

strength of ceramics can be determined using Vickers

indentation. The Vickers indentation measurements were

performed on Ca10.5-x/2Nax(PO4)7 (x = 0, 0.25, 0.5, 0.75,

1) pellets. Each result was an average of ten measurements.

After sintering, the pellets were weighted and their

dimensions were measured to obtain their volume. From

these data, the apparent density value was determined.

The lattice compacity of Ca10.5-x/2 Nax (PO4)7 (0 \ x

\ 1) was determined from X-ray diffraction (XRD) pat-

terns, recorded using a Philips PW 1830 generator equip-

ped with a vertical PW 1050 (h/2 h) goniometer and a PW

1711 Xe detector (Eindhoven, The Netherlands). They

were recorded using the copper Ka radiation in a step-by-

step mode with the following parameters:

2 h initial: 10�, 2 h final: 100� step 2h = 0.03�, time per

step: 2.3 s The lattice compacity of each composition was

obtained from the following equation:

Compacity ¼ Volume atomsð Þ=Volume lattice cellð Þ

The volume of atoms in the b-TCP lattice was determined

from the number of atoms per unit cell and the ionic radius

of atoms [13].

The Ca10.5-x/2 Nax (PO4)7 lattice cell contains (273 ? 3x)

atoms, and the total atom volume is given by Vatom =

[(VCa * (10.5-x/2)) ? (x * VNa) ? ((VP ? (VO * 4)) 9 7)] * 6.

The lattice cell volume was obtained from X-ray diffraction

measurements using the Rietveld method. XRD refinements

were performed using Winplotr and Fullprof as graphic user

interface and as Rietveld refinement software [14, 15]. The

precision on the lattice cell parameters were calculated

using the formula: SD * 3 * Scor, where SD is the standard

deviation and Scor, a serial correlation coefficient [16].

For the dissolution studies, two 200 mg pellets were

immersed in 80 ml of a 0.05 mol l-1 acetate buffer (pH

4.8) during 450 min. The calcium concentration was

measured using a Ca2? specific electrode (Ion Plus �,

model 9320) on 500 ll decanted aliquots collected at

regular intervals and the PO4
3- concentration was deter-

mined by complexometry. In the latter case, 100 ll of

Molybdenum–Vanadium reagent (Merck) were added to

500 ll of the sample, and the absorbance was read at

405 nm with a Secoman S750 UV spectrometer.

2.3 Cell culture

Cell culture plastic ware was purchased from Corning

(Corning BV Life Sciences, Schiphol-Rijk, The Nether-

lands). Fetal calf serum (FCS), a-MEM, L-glutamine,

penicillin/streptomycin, trypsin/EDTA and phosphate buf-

fered salt (PBS) were purchased from Invitrogen Corpo-

ration (Paisley, UK).

Nonidet P-40 was obtained from Amersham Biosciences

(Orsay, France). P-nitrophenylphosphate, 2-amino-2-methyl-

1-propanol and MgCl2 were purchased from Sigma (St Louis,

MO, USA). 3-(4, 5-Dimethylthiazol-2gl)-5-(3-carboxymeth-

oxylphenyl)-2-(4-sulphophenyl-2H) tetrazolium inner salt

(MTS) was obtained from Promega (Madison, WI, USA).

MC3T3-E1 cells are a non-transformed cell line estab-

lished from newborn mouse calvaria. These cells exhibit an

osteoblastic phenotype as evidenced by the expression of

Table 1 Na content in Ca10.5-x/2 Nax(PO4)7 compounds, determined

via AAS

x Expected Na% (by weight) Experimental Na% (by weight)

0 0 0.000 ± 0.001

0.25 0.53 0.54 ± 0.01

0.50 1.06 1.07 ± 0.02

0.75 1.59 1.61 ± 0.03

1 2.11 2.13 ± 0.03
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ALP activity [17], the synthesis of extracellular matrix

(ECM) components such as osteocalcin and type-1 collagen

[18] and their ability to mineralise the ECM. MC3T3-E1 cells

were routinely grown in a-MEM medium supplemented with

10% FCS, 1% penicillin/streptomycin and 1% L-glutamine.

Cells were subcultured once a week using trypsin/EDTA and

maintained at 37�C in a humidified atmosphere of 5% CO2 in

air. Medium was completely renewed every 2 days.

2.4 Cell morphology

MC3T3-E1 cell morphology was studied in contact with the

various material pellets by scanning electron microscopy

(SEM). Cells were seeded onto materials in 24-multiwell

plates at a final density of 10,000 cells/cm2. After indicated

times, media were removed and specimens were fixed with

4% glutaraldehyde in PBS (pH 7.2) for 1 h 30 at 4�C. After

dehydration in graded alcohols, specimens were treated with

graded mixture of ethanol/trichlorotrifluoroethane (75/25,

50/50, 25/75 and 0/100). They were then sputter-coated with

gold–palladium. The surface of specimen was finally

examined with secondary electrons in SEM under 15 kV

voltage [19].

2.5 Cell viability

Cell viability was measured as mitochondrial NADH/

NADPH-dependent dehydrogenase activity, resulting in the

cellular conversion of the tetrazolium salt MTS into a

soluble formazan dye [20, 21] with the CellTiter 96

aqueous non-radioactive cell proliferation assay (Pro-

mega). MC3T3-E1 cells were cultured on the surface of

b-TCP or Na-doped b-TCP pellets (direct contact). In

addition, MC3T3-E1 cells were cultured on plastic in the

presence of the two materials, using transwell inserts.

Transwell inserts are culture chambers in which materials

were placed before being immersed in 24-multiwell plates.

MC3T3-E1 cells cultured on plastic in the absence of

materials were used as control. Cells were seeded at a

density of 10,000 cells/cm2. After indicated times, culture

media were removed and 100 ll of MTS solution was

added in each well for 2–3 h according to the manufac-

turer’s instructions. Finally, colorimetric measurement of

formazan dye was performed on a spectrophotometer with

an OD reading at 490 nm. Results were expressed as a

relative MTS activity as compared to the control conditions

(cells cultured in the absence of materials).

2.6 Alkaline phosphatase (ALP) activity

ALP activity was evaluated, as previously described [22], in

MC3T3-E1 cells (24-multiwell plates, 10,000 cells/cm2)

cultured either onto the b-TCP or Na-doped b-TCP pellets or

without direct contact using transwell inserts as described

above. Cells cultured on plastic in the absence of material

were used as control. After indicated times, cells were

washed twice with ice-cold PBS and scraped in 0.2% aque-

ous solution of Nonidet P-40. Cell suspension was then

sonicated on ice for 30 s and centrifuged for 5 min at 4�C.

Aliquots of supernatants were subjected to protein assay with

the Pierce coomassie plus assay reagent (Pierce, Rockford,

USA) and to ALP activity measurement. ALP activity was

assessed at pH 10.3 in 0.1 M 2-amino-2methyl-1-propanol

containing 1 mM MgCl2. P-NPP (10 mM) was used as a

chromogenic substrate for an optical density reading at

405 nm. Results were expressed as relative ALP activity

compared with control conditions (cells cultured in the

absence of material).

2.7 Statistical analysis

Each experiment was performed thrice with similar results.

Results are expressed as mean ± SEM of triplicate deter-

minations. Comparative studies of means were performed

using one-way ANOVA followed by a post hoc test (Fisher

projected least significant difference) with a statistical

significance at P \ 0.05.

3 Results

3.1 Na-doped b-TCP pellets characterization

From atomic absorption analyses the Na content of the

Ca10.5-x/2Nax(PO4)7 [0 B x B 1] phases was found to be

close to the expected values (Table 1). A non-parametric

Kolmogorov–Smirnov test has been performed and

according to the variability of measurements (see experi-

mental errors in Table 1) no significant differences

(P [ 0.9) were put in evidence between expected and

experimental distributions.

Mercury porosity studies showed that the total porosity

of pure b-TCP pellets is higher, compared with

Ca10Na(PO4)7. Distribution of pores, determined using a

mercury porosimeter, revealed that more than 98% of pores

have a diameter smaller than 10 lm. However, the pore

size distribution differed according to the Na content in the

b-TCP phases: Na-doped b-TCPs contains a higher amount

of small pores (with diameters less than 1 lm) when

compared with pure b-TCP (Fig. 1).

Vickers indentation measurements were performed on

pellets for the series of b-TCP containing sodium, Ca10.5-x/2

Nax(PO4)7 (x = 0, 0.25, 0.5, 0.75, 1). A linear increase of the

compressive strength (P \ 0.006) was clearly observed as the

Na content was raised (Fig. 2). For the higher Na-substitution

(32.2 MPa, x = 1), the correlated compressive strength was
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three times as high as that measured for pure b-TCP (10 MPa,

x = 0). Indeed, increasing the Na content resulted in a higher

density of the b-TCP sintered pellets (from 1.6 (x = 0) to 1.7

(x = 1)—Fig. 3) and a decrease of the optimal sintering

temperature value. This is likely related to the observed linear

increase (P \ 0.00001) in the atomic compacity (from 0.623

(x = 0) to 0.628 (x = 1)—Fig. 4), concomitant with a

decrease of the unit cell volume and an increase of the atom

volume in the unit cell, when x varies from 0 to 1.

In addition, Ca10.5-x/2Nax(PO4)7 (x = 0, 0.5, 1) pellets

were soaked in a pH 4.8 acetate buffer, to compare their

relative dissolution speed versus time over a 450 min period.

The dissolution of Na-doped b-TCPs was found to be slower

than pure b-TCP, as evidenced by the release profiles of

calcium (Fig. 5) and phosphate ions (data not shown).

In Fig. 6 the infrared spectra of pure b-TCP (x = 0) and

Na-dopedb-TCP (x = 1) are presented in the 1400–450 cm-1

frequency range. The complete series of spectra is pre-

sented elsewhere [23]. Two groups of bands are clearly

seen corresponding to some of the normal modes of

the phosphates groups PO4
3-: m1–m3 stretching modes

(1200–900 cm-1) and m4 bending modes (500–650 cm-1).

Main observed bands are picked on the spectra of fully

doped sample. The values are found close to those previ-

ously reported for b-TCP [24, 25].

Fig. 1 Total porosity and pore size distribution of Ca10.5-x/2

Nax(PO4)7 (Na-doped b-TCP x = 1; pure b-TCP-x = 0), determined

using a mercury porosimeter. Each proportions are averaged over five

samples

Fig. 2 Compressive strength of Ca10.5-x/2 Nax(PO4)7 (x = 0, 0.25,

0.5, 0.75, 1) as a function of the x sodium content. Each data was the

average of ten measurements

Fig. 3 Apparent density of Ca10.5-x/2 Nax(PO4)7 pellets after

sintering

Fig. 4 Compacity of Ca10.5-x/2 Nax(PO4)7 (x = 0, 0.25, 0.5, 0.75, 1)

Fig. 5 Ca2? ions release profile for Ca10.5-x/2 Nax(PO4)7 (x = 0, 0.5,

1) pellets soaked in a pH 4.8 acetate buffer
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3.2 Cell morphology

Scanning electron microscopic images of osteoblastic

MC3T3-E1 cells cultured for 48 h on Ca10.5-x/2Nax(PO4)7

(x = 0, 1) materials, showed that cells were adhering onto

both phases, with a flattened and elongated morphology

(Fig. 7). For the two materials, cells were spread on the

whole surface and presented numerous cytoplasmic

extensions and lamellopodia. These results indicate that the

cell morphology was not significantly affected by the

presence of sodium in b-TCP.

3.3 Cell viability

To analyze the viability of osteoblasts, the MTS activity of

MC3T3-E1 cells was measured, when cultured either

directly onto Ca10.5-x/2Nax(PO4)7 (x = 0, 1) pellets or on

plastic in the presence (via transwell inserts) or absence of

the materials (control conditions). The MTS activity was

evaluated after one- and two-weeks of culture. Results

indicated that after 1 week, the MTS activity was signifi-

cantly reduced by about 30 and 38% (P \ 0.05) when the

cells were directly cultured on Ca10.5Na(PO4)7 and Ca10.5-

x/2Nax(PO4)7 pellets respectively, as compared to control

conditions (Fig. 8a). In contrast, the cell viability observed

without direct contact, using transwell inserts, was not

statistically different from that recorded under control

conditions.

After 2 weeks, no significant difference in the cellular

viability of osteoblasts was noted whatever the culture

conditions (Fig. 8b). These results show that the osteoblast

Fig. 6 Infrared spectra of Ca10.5-x/2 Nax(PO4)7 for a pure b-TCP

(x = 0) and b Na-doped b-TCP (x = 1)

Fig. 7 SEM images of MC3T3-E1 cells, cultured for 48 h onto Ca10.5-x/2 Nax(PO4)7 x = 0 (a), 1 (b) pellets. Samples were observed using

secondary electrons (magnification = 750)

Fig. 8 MTS activity of MC3T3-E1 cells cultured directly onto

Ca10.5-x/2 Nax(PO4)7 (Na-doped b-TCP x = 1; pure b-TCP-x = 0)

pellets (black) or using transwell inserts (grey) for 7 days (a) and

14 days (b) (see Materials and methods). Results are expressed in

relative MTS activity compared with control conditions (plastic).

* P \ 0.05 (n = 3) as compared to b-TCP or Na-doped b-TCP under

direct contact conditions, # P \ 0.01 (n = 3) as compared to control

conditions (plastic)
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viability decreased after 1 week when cultured in direct

contact with the Ca10.5-x/2Nax(PO4)7 (x = 0, 1) pellets,

while this reduction was almost completely recovered after

2 weeks.

3.4 ALP activity

The potential influence of the Ca10.5-x/2Nax(PO4)7 (x = 0, 1)

materials on the osteoblastic ALP activity was then exam-

ined, using osteoblasts cultured for 2 weeks either directly

onto the materials or on plastic in the presence (via transwell

inserts) or absence of the materials (control conditions).

Figure 9 shows that culturing cells in the presence of the

materials (in direct or indirect contact via transwell inserts)

induced a twofold decrease in ALP activity as compared

to plastic conditions. Interestingly, the Na-doped b-TCP

failed to induce a significant change in ALP activity as

compared to b-TCP. These results indicate that osteoblasts

maintained their capacity to express ALP whatever the

culture conditions.

4 Discussion

Incorporation of heteroatoms in calcium phosphates can

influence their mechanical properties, solubility and bio-

activity [26, 27], that are critical features for their use as

bone substitutes. In previous studies we have demonstrated

that sodium ions can be incorporated in the b-TCP lattice

using solid phase syntheses from CaHPO4, CaCO3 and

Na2CO3 [11]. This procedure allows a fine tuning of the Na

content in b-TCP, and recent experiments confirmed that

the sodium ions are homogeneously incorporated in the

lattice [11]. Moreover, the selected sintering process was

adapted to avoid the presence of cracks in the resulting

microporous Ca10.5-x/2Nax(PO4)7 (x = 0, 0.25, 0.5, 0.75,

1) pellets. Our purpose was to evaluate the influence of the

sodium incorporation in b-TCP microporous pellets, on

their physical, chemical and biological properties.

In previous studies, we have shown that Vickers

indentation is a non destructive method that can be used to

determine the compressive strength for this kind of mate-

rials [28, 29] and to probe the homogeneity of samples, by

performing measurements at several points of the surface.

In the present case, a linear increase of the compressive

strength was clearly observed as the Na content was raised.

Better mechanical properties of synthetic bone substitute

can induce at least a better handle of macroporous ceramics

by surgeons. This result is consistent with the concomitant

(i) increase of the pellets density (ii) decrease of total

porosity (Na-doped b-TCP contain smaller pores compared

to pure b-TCP) (iii) increase of the lattice compacity. The

slower dissolution of the Na-doped b-TCP samples in

acidic buffer, is probably due to a less important contact

surface available or to the different chemical composition

of the compounds.

Dilatometry experiments are in progress to describe the

kinetics of the pellets densification as a function of tem-

perature. The increase of the sodium amount in the samples

likely facilitates the sintering process, as a result of a

higher ionic mobility.

The frequencies of infrared bands are very similar in the

pure b-TCP and in the fully Na-doped sample confirming

that no strong changes occur in the crystal structure upon

doping. For the fully doped compound, the bands at 1120,

1080, 1034 and 1009 cm-1 can be attributed to the anti-

symmetric stretching (m3) mode, and the band at 980 cm-1

to symmetric stretching vibration (m1) of the tetrahedra.

The m4 antisymmetric bending vibrations give the fre-

quencies around 604 and 542 cm-1. However, in the case

of Na-doped TCP, one can observe that the bands are less

numerous and more resolved than for pure compound. This

observation could indicate a lower local disorder leading to

a better compacity of the structure. Keeping in mind that

the vibration modes are sensitive to the local environment

of the phosphate groups, this is consistent with the effect of

Na-substitution. In the pure b-TCP, it has been shown that

five different phosphate groups are present and that

vacancies are present on one of the calcium sites. The

Na-substitution lead to complete filling of the vacancies

and, consequently, only three distinct phosphates are evi-

denced in Na-doped TCP [11].

Apatite-containing bioactive implants are slowly

replaced by natural bone tissue formed by osteoblasts,

which are key regulatory cells that regulate bone cell dif-

ferentiation. Among the cellular models mimicking the

various stages of osteoblastic differentiation in a temporally

regulated manner, the clonal osteogenic cell line MC3T3-

E1 is one of the most widely used since it is a non-trans-

formed cell line that expresses a high alkaline phosphatase

Fig. 9 ALP activity of MC3T3-E1 cells cultured directly onto

Ca10.5-x/2 Nax(PO4)7 (Na-doped b-TCP x = 1; pure b-TCP-x = 0)

pellets (black) or using transwell inserts (grey) for 14 days (see

Materials and methods). Results are expressed in relative ALP

activity compared with control conditions (plastic). * P \ 0.0001

(n = 3) as compared to control conditions (plastic)
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activity in the confluent state and mineralizes the extracel-

lular matrix in vitro [18]. Interestingly, as a non-trans-

formed cell line, MC3T3-E1 fail to exhibit low sensitivity to

cytotoxic signals as obviously observed with transformed

cell lines.

In this context, we first examined by SEM the morphology

of MC3T3-E1 cells cultured on the surface of Ca10.5-x/2

Nax(PO4)7 (x = 0, 1) pellets for 2 days. The cells formed

flattened sheets on the smooth regions of the pellets and

exhibited large cytoplasmic extensions suggesting an active

cell migration. For both materials, the chemical nature of the

surface may provide sites for focal adhesion molecules of the

cells such as integrins [30]. It might be useful to further

analyze the cell adhesion process to get further insights in the

role of the chemical nature of the surface of the Ca10.5-x/2

Nax(PO4)7 materials, in these cellular phenomena.

To investigate the effect of the presence of sodium in

b-TCP on the viability of osteoblasts, the mitochondrial

dehydrogenase activity (MTS activity) of MC3T3-E1 cells

was measured, according to standards (ISO 10993-5: Bio-

logical evaluation of medical devices-Part 5: Tests for in

vitro cytotoxicity), when cultured in contact (direct or

indirect via transwell inserts) with pellets of pure b-TCP

and Ca10Na(PO4)7 bioceramics. The decrease in cell via-

bility observed at early stage of culture (day 7) was almost

not present under longer-term culture conditions (14 days).

This data strongly suggest that the Na-doping of b-TCP did

not dramatically influence the cells viability. The observed

transient alteration of cell viability could be related to a

cellular sensitivity to the surface topography or composi-

tion [31], since indirect contact culture conditions, via

transwell inserts, did not lead to a similar behavior.

In addition, when exposed to an aqueous biological

medium, dissolution of surface ions can take place, fol-

lowed by the formation of a hydroxyapatite (HA) layer on

the surface of the pellets [32]. Since it was reported that

this feature might induce some cytotoxic effects [33], it

would be interesting to investigate whether b-TCP and Na-

doped b-TCP pellets release some cytotoxic derivatives, at

least in the early stages of the culture. Furthermore, some

reports have identified proteins involved in the adhesion of

osteoblasts on biomaterials [30]. Adsorption of proteins

from the serum and other constituents present in the culture

wells might modify the chemical composition at the solid–

liquid interface and accordingly might influence the cel-

lular adhesion and proliferation [34].

The ALP activity is one of the most widely used

osteoblastic markers [35], and we have tested whether

MC3T3-E1 cells preserve their phenotype when contacted

with b-TCP and Na-doped b-TCP. As previously men-

tioned for cell viability, the decreased ALP activity might

be related to the release of ionic elements [33], such as

phosphate and calcium ions, when the biomaterials are

soaked in the culture medium, that might affect in vitro

osteoblast survival. Indeed, it has been shown that phos-

phate ions cause a dose- and time-dependent increase in

apoptosis of epiphyseal [36] chondrocytes [20] and osteo-

blasts [37, 38], which may contribute to terminal differ-

entiation of these cells. High phosphate and calcium

concentrations are known to influence the ALP activity

[39]. Work is currently in progress to determine the

phosphate and calcium concentrations released from the

materials under culture conditions. There is still a great

deal left to understand and learn about the role of ions in

cellular metabolic activity, for the rational design of bio-

materials for which the local phosphate and calcium con-

centrations released could be controlled, at levels that

ensure cellular viability and promote differentiation.

5 Conclusion

This work demonstrate that the incorporation of sodium

ions within the b-TCP lattice significantly increases the

compressive strength of microporous pellets of this bi-

oceramic without modifying its in vitro bioactivity. These

results strongly suggest that Na-doped-b-TCP appear to be

good candidates for their use as bone substitutes. However,

macroporous ceramics are needed to favour the penetration

of cells and biological fluids for in vivo implantations.

Accordingly, we are currently investigating the compara-

tive behaviour of macroporous pure b-TCP and Na-doped

b-TCP ceramics, using in vivo implantations in rabbits.
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