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A B S T R A C T

The biofunctionalization of metal implants with bioactive ceramics arises as an appealing strategy for promoting
their osseointegration, without impairing implants’ good mechanical resistance. In this work, biocomposites of
hydroxyapatite - CaZrO3 were obtained by rate controlled sintering and their microstructure, mechanical
properties, biological as well as the effect of stoichiometric calcium zirconate dopant on the decomposition of HA
were analysed. The results obtained showed that the addition of CaZrO3 stabilizes the hydroxyapatite at least up
to 1300 °C and inhibits the appearance of the α- and β-TCP phases. Moreover, the mechanical properties of the
hydroxyapatite were improved with 10wt% of CaZrO3, despite the increase of porosity. The in vitro assays
demonstrated that the biocomposites were biocompatible, since they favoured human osteoblast cells adhesion
and proliferation. All the data obtained emphasize the potential of these biocomposites for the aimed biomedical
application.

1. Introduction

The human life expectancy has been increasing, leading to the aging
of world population. Older people usually suffer from health compli-
cations, namely related to bone tissue and joints (e.g. osteoarthritis and
osteoporosis) [1]. These pathologies lead to the degeneration of the
articular cartilage and to a decrease in bone mineral density (BMD),
which makes the bone structure more porous and fragile, i.e. more
susceptible to fractures and tumours in cartilage and bone tissue [2]. In
addition, an increase in the sport injuries or other types of trauma
caused, for example, by road accidents have been reported among the
active population.

In order to patients regain the quality of life, it is mandatory to
restore the structure and functions of the musculoskeletal system [2].
To accomplish that, in recent years there has been an increase in the
number of artificial implant surgeries to treat musculoskeletal disorders
(e.g. 4.9 million in 2002 to 39.7 million in 2010). In addition, the
number of implant revision surgeries of hip and knee replacements is
predicted to increase exponentially (137% and 601%, respectively)
between 2005 and 2030 [3,4]. Longer lasting implants with optimized
properties, may be a good therapeutic approach, since they will con-
tribute to reduce the number of revision surgeries, as well as the pa-
tients' costs, discomfort and pain [5].

Orthopaedic implants with supporting function are mostly

manufactured using biometals, such as stainless steel (316 L), titanium
(Ti) alloys, nickel (Ni) and cobalt-chromium (CoCr) alloys [6]. These
medical devices are widely used in the repair and replacement of a
degraded or inhibited function of the locomotor system, such as knees,
hips, shoulders, spine joints, dentistry and orthopaedic fasteners such as
pins and bolts [3,7,8]. These materials exhibit high mechanical
strength, good workability, resistant to corrosion (biotolerable) and low
cost [8–10]. Although, they present some limitations, namely high
density, stress shielding phenomenon, which induces re-fracture, and
“only” biotolerance of these inert metallic devices [1,8]. Such inability
to interact with living tissue (chemical inertia) will inhibit their bio-
logical fixation and osseointegration [11,12].

In addition, over the years there is an inevitable aseptic weakening
and wear of the metal surface with the consequent release of nano-
particles and ions into the biological system, causing several clinical
symptoms and impairment of organs function [13–15]. On the other
hand, bioactive ceramic promotes the interaction with ions, biomole-
cules and cells, minimizing materials cytotoxicity, stimulating os-
seointegration and with the possibility of using different geometries and
manufacturing techniques [16–24]. Among different available bio-
ceramics, the hydroxyapatite (HA: Ca10(PO4)6(OH)2) based material
have triggered a particular interest from researchers and clinicians
since they have a chemical composition similar to the human bone,
induce bone tissue growth and have a high thermodynamic stability
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under physiological conditions, such as temperature, pH and in contact
with body fluids. Nevertheless, they present low mechanical strength
and high brittleness, which restricts its application to areas where lower
mechanical stress is required [25–30].

In this way, the ceramic composites of HA reinforced by particles or
fibres of fully stabilized zirconia (YFSZ: ZrO2-Y2O3, 92:8 mol.%) can
combine the biocompatibility of HA with the high strength and fracture
toughness of zirconia [30,31]. However, several studies described that
the use of Y2O3 entails disadvantages particularly its degradation even
at low temperatures, a phenomena known as “ageing phenomenon”
[32,33]. In this case, water molecules react with Y2O3, forming clusters
rich in Y(OH)3, affecting the stability of tetragonal zirconia (t-ZrO2)
allowing its transformation into a monoclinic structure (m-ZrO2) [34].
Other limitations are related with the decomposition of HA into tri-
calcium phosphate (TCP) at∼1300 °C. Further, the diffusion of calcium
from the HA into the zirconia phase leads to the formation of a cubic
calcia-stabilized zirconia, and subsequently calcium zirconate (CaZrO3)
[32,35,36]. Calcium zirconate presents a high chemical stability (stoi-
chiometric congruent reaction at ~2365 °C) [37] and an excellent
corrosion resistance against alkali environments [38], as well as a
thermal barrier coating (TBC) [39,40]. Furthermore, the calcium zir-
conate can be sintered in an oxide atmosphere (low cost), and the re-
sultant material displays surface properties (wear), modulus of elasti-
city and hardness that are compatible with its application in structural
support [41–43]. Moreover, calcium zirconate displays a high affinity
with titanium and its alloys, making it a potential candidate for bio-
medical applications [44,45].

The aim of this work was to produce CaZrO3-HA composites ob-
tained by rate controlled sintering and then characterize their micro-
structure, porosity, effect of stoichiometric calcium zirconate dopant on
the decomposition of HA, mechanical and biological properties.

2. Experimental

As starting materials hydroxyapatite, Ca10(PO4)6(OH)2 (HA, Alfa
Aesar) and calcium zirconate, CaZrO3 (CZ, Alfa Aesar) powders were
used as ingredients to produce three different types of HA-CZ bio-
composites (90HA10CZ and 80HA20CZ), concerning the amount of 10
and 20wt% of CZ, respectively. In addition, 100 wt% hydroxyapatite
samples (100HA) were fabricated for future reference as shown in
Table 1.

In order to obtain fine grained and homogeneous ceramic bio-
composites, the powders used in each mixture were milled during 2 h
using isopropyl alcohol as a mixing media and zirconia balls of 3 mm
diameter. The laser particle size analyser Coulter LS200 was used to
control particle size distribution evolution of the mixture during the
milling process.

The mixtures were dried at 60 °C for 24 h, sieved through a 63 µm
mesh, uniaxially pressed at 25MPa into discs (ϕ=10mm and
t= 2mm), and then sintered at 1300 °C for 2 h. Using Archimedes
method (ASTM C20), the density (ρ) and apparent porosity (AP) of the
sintered materials were measured. The relative density (TD) was de-
termined by the Archimedes method, using the theoretical densities
calculated from the X-ray diffraction (XRD) analysis. Strength of the
materials sintered at 1300 °C was determined by the Diametral
Compression of Discs Test (DCDT), conducted in Shimadzu AGS-X
universal testing machine, with a speed of 0.5mm/min. The tensile

strength (σf) was determined by the Eq. (1) using a least of 10 valid
specimens.
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where “F” is the diametral compression fracture force and “A”, “D” and
“t” are the discs’ area, diameter and height, respectively.

Therefore, all fractured samples were analysed by scanning electron
microscopy (SEM, Hitachi S3400N) to ensure that fracture was not
originated by extensive local crushing close to the loading points.
Representative half parts resulting from the DCDT, were embedded in
EpoFix resin (Struers) and polished to assess microstructure features,
after thermal etching using SEM analysis. Vickers hardness tests were
also conducted in similar polished samples in Mitutoyo AVK-C2, ac-
cording ASTM C1327. Dimensions of the residual imprints were used to
determine the hardness H according the Eq. (2).
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where “P” is the applied force (50 N), AT is the true contact area and “d”
the diagonal dimensions average (mm).

Table 1
Compositions and particle size of HA-CZ ceramic biocomposites.

Samples HA (wt%) CaZrO3 (wt%) d50 [µm] SSA [cm2/g]

100HA 100 0 1.61 14,129
90HA10CZ 90 10 1.40 14,128
80HA20CZ 80 20 1.19 15,014

Fig. 1. Particle size distribution of commercial raw materials (Hydroxyapatite,
HA and calcium zirconate, CZ).

Fig. 2. Particle size distribution of the three HA-CZ ceramic composites after
2 h of milling.

Table 2
Properties of HA-CZ ceramic biocomposites sintered.

Samples AP [%] ρ [g/cm3] TD [%] σf [MPa] H [GPa]

100HA 0.52 ± 0.2 3.08 ± 0.1 98 18.9 ± 3.2 4.2 ± 0.1
90HA10CZ 1.61 ± 0.4 3.03 ± 0.1 87 37.5 ± 4.2 4.6 ± 0.1
80HA20CZ 16.07 ± 0.4 2.79 ± 0.1 74 24.4 ± 3.9 2.6 ± 0.1
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Lateral cracks were also measured in order to calculate the tough-
ness [46], however the high porosity of the materials and the de-
formation due the densification below the mark during application of
the force did not allow to obtain reliable data. The phase composition of
the sintered biocomposites was determined by XRD measurements with
CuKα radiation (Rigaku, model DMAX III/C). The main phase content
was quantified using the Rietveld analysis.

The cytotoxic profile of HA-CZ biocomposites was evaluated in vitro,
following ISO10993-5. Prior to cell seeding, the samples were placed
into 48-well plates and sterilized by UV irradiation during 1 h. Human
osteoblast (hOB) cells were used as model cells and seeded at a density
of 2×104 cells per well. The plate was incubated at 37 °C, in a 5% CO2

humified atmosphere. Then, the evaluation of cell morphology and
proliferation in contact with the biomaterials was performed by the
acquisition of microscopic images after 1, 3 and 7 days of incubation.
Posteriorly, an MTT assay was performed at pre-determined timepoints.
The metabolic conversion of MTT to purple formazan crystals occurs in
living cells and such process allows to determine the metabolic activity
of the viable cells present in each well. Briefly, the medium was re-
moved and 100 µL of MTT (5mg/mL PBS) were added to each sample
(n=5) followed by their incubation for 4 h in 5% CO2 atmosphere.
Furthermore, cells were treated with 400 µL of DMSO (0.04 N) for
30min, dissolving the formazan crystals. A microplate reader (Bio-rad

xMark microplate spectrophotometer) was used to quantify the absor-
bance at 570 nm of the samples from each well. Cells cultured without
materials were used as a negative control (K-), whereas cells cultured
with EtOH (80%) were used as a positive control (K+).

In addition, the cellular attachment to HA-CZ biocomposites surface
was assessed by SEM analysis (Hitachi S-3400N). Samples containing
cells were fixed for 30min with 2.5% (v/v) glutaraldehyde. After,
samples were washed and frozen at −80 °C and freeze-dried for 3 h.
Then, samples were coated with gold through a Quorum Q150R ES
sputter coater.

3. Results

The particle size distribution of the raw materials used in each
mixture was analysed (Fig. 1), with CZ having a bimodal size dis-
tribution (0.69 and 4.05 µm, d50 = 2.30 µm) while HA has a semi-
Gaussian distribution (d50 = 4.48 µm). In Fig. 2, the particle size dis-
tribution curve of the HA-CZ composites has shifted to the left after an
increased milling time (2 h), corresponding to smaller particle sizes
with an average size (d50) of the same order and specific surface area
(SSA) identical (Table 1).

The apparent porosity, as measured with the Archimedes technique
in distilled water, presents an average value of 0.52%, 1.61% and

Fig. 3. Characteristic microstructural features of HA-CZ ceramic composites sintered at 1300 °C. SEM micrographs of polished surfaces: a) HA100, c) 90HA10CZ and
e) 80HA20CZ low magnification (500×); b) HA100, d) 90HA10CZ and f) 80HA20CZ high magnification (5000×).
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16.07% for 100HA, 90HA10CZ and 80HA20CZ materials, that is fol-
lowed by a density around 3.08 g/cm3, 3.03 g/cm3 and 2.79 g/cm3,
respectively (Table 2).

DCDT mechanical tests were then performed to assess the tensile
strength of the sintered ceramic biocomposites. The results obtained
showed that the composites which contain 10 wt% CaZrO3 are sig-
nificantly stronger than the other compositions, with a superior
strength of 37.5 MPa (Table 2). As expected, with an additional increase
in porosity (from TD of the 87–74%), as in the 80H20CZ samples, a
lower resistance value of 24.4MPa was obtained.

Vickers hardness tests showed a slightly higher hardness for the
90HA10CZ materials compared to 100HA, besides of the increase of
porosity, with a value of 4.6 GPa and 4.2 GPa, respectively. These va-
lues decreased with CaZrO3 content of 20 wt%, resulting in a hardness
of 2.6 GPa, which is significantly inferior.

Microstructural features of three ceramic biocomposites sintered at
1300 °C are shown in Fig. 3. All specimens were constituted by con-
tinuous matrices with pores (5–10 µm), however the number and depth
of the pores increased with the content of CZ. In turn, the micro-
structure of the composites shows inhomogeneity, consisting in hy-
droxyapatite (grey areas) and zirconia phases (light particles).

In Fig. 4, the characteristic fracture surfaces of the three sintered
materials are displayed. It was not possible to discern any large defect

as obvious fracture origin. At low magnification, fracture was much
more tortuous in samples 90HA10CZ than in the other ones (Fig. 4a, c,
and d).

XRD patterns of HA100, HA90CZ10 and HA80CZ20 biocomposites
sintered at 1300 °C for 2 h are presented in Fig. 5. Due to the high
temperature of sintering, the HA began to decompose to a mixture of α-
and β-TCP. The specimens of HA90CZ10 and HA80CZ20 show the
presence of calcium zirconate in their compositions. X-ray diffraction
spectra of theoretical cards of the possible decomposed phases of HA
(α- and β-TCP), CaZrO3 (m-ZrO2; t-ZrO2; c-ZrO2), and of the possible
decomposed of the both initial phases (CaO) are also presented in order
to facilitate the analysis.

The biocompatibility of the ceramic biocomposites was character-
ized using an MTT assay. Herein, the human osteoblasts (hOB) were
used as model cells since these cells are responsible for the production
and the remodelling of bone matrix [47], which is essential in the os-
seointegration process. Optical microscopic images were acquired of
hOB cells cultured in contact with 100HA, 90HA10CZ and 80HA20Z
samples at different timepoints. These images presented in Fig. 6, show
that hOB cells proliferate and did not suffer any morphological varia-
tion when in contact with the bioceramics. Additionally, the cytotoxic
profile of the biocomposites was further evaluated through an MTT
assay during 1, 3 and 7 days. The results obtained (Fig. 7) showed that

Fig. 4. Characteristic fracture surface of HA-CZ ceramic composites sintered at 1300 °C: a), c) and e) low magnification (65×); b), d) and f) high magnification
(5000×).
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hOB cell remained metabolically active in contact with the samples,
even after 7 days of incubation. To further assess the applicability of the
biocomposites for the intended biomedical application, hOB cell ad-
hesion and cell morphology was characterized. As observed in Fig. 8,
the cells adhere and proliferate onto the surface of the biocomposites
after 1 day. Moreover, after 7 days, the spreading of cells occurs, re-
vealing the excellent surface features of the biocomposites.

4. Discussion

In production of the materials for biomedical applications, it is re-
quired that the material can provide structural support for the forma-
tion of the new tissue as well as improve the healing process through
the interaction with cells. To accomplish that, an ideal material must be
porous to promote the cell adhesion and proliferation, but also must
have sufficient mechanical strength to support the exerted forces during
the regeneration process [47,48]. Therefore, biomaterial implants must
combine the porosity with mechanical strength. Herein, this strategy
was explored through the combination of HA with CZ.

After 2 h of milling, a tendency for a bimodal distribution of the HA-
CZ ceramic composite decrease (Fig. 2), with an adjustment of the
particle size of HA to the size of CZ powders, that is, the coarser par-
ticles begin to decrease in size, increasing the quantity of finer particles
(Table 1): - d50 are 1.61 µm, 1.40 µm and 1.19 µm for HA100,
HA90CZ10 and HA80CZ20, respectively. Also, the SSA (specific surface
area) is similar for all samples (14,128–15,014 cm2/g). This ensures
that all materials are processed with similar finer and more homo-
genous powders.

From Table 2, it can be observed that with an addition of 20 wt%
CaZrO3, the porosity continuously increased until it reaches the max-
imum value of 16%, having the lowest density value (2.79 g/cm3) of all
three compositions. The relative density (TD) also decreases sig-
nificantly with the addition of calcium zirconate. Such result was al-
ready reported by others authors [32,49], and can be and attributed to
the effect of high temperature of sintering (1300 °C). The higher tem-
perature leads to the agglomeration of the calcium zirconate particles,
promoting lower sinterability and higher porosity.

In the diametrical compression test, the greatest tensile strength is

uniform along the central part of the diametral plane of the disc, near of
the compressive load supports in compression. The compression value
is smaller for higher stiffness specimens because t/D≤ 0.25 ensures
plane stress conditions. Failure occurs over the diametrical plane and
the specimens are broken in two similar parts, which corresponds to a
catastrophic drop in the load - displacement curve recorded during the
test [50,51]. For the almost dense HA specimens (98%) it was obtained
a tensile strength of 18.9 ± 3.2MPa superior of the 4MPa presented
by Khoshsima et al. [52] in similar conditions. The hardness of
4.2 ± 0.1 GPa was in the same order of that reported by other works
[31,32,36,52].

It can be noticed that yttria and calcia-stabilised zirconia addition
lead to the increased strength and the hardness of the composites as
compared to the “pure” hydroxyapatite samples [32]. In fact, the ad-
dition of 10% of CaZrO3 increased the strength to 37.5 ± 4.2MPa, the
hardness to 4.6 ± 0.1 GPa as well as the porosity. Nevertheless, the
20% of CaZrO3 presented the σ=24.4 ± 3.9MPa and
H=2.6 ± 0.1 GPa. The elastic and plastic properties of brittle cera-
mics are typically functions of the microstructure characteristic, such us
grain size, porosity and the presence of secondary phases.

Assuming zero porosity through the equation proposed by Rice [53]
is obtained for the composite 90HA10CZ: σ0 = 55.39MPa and
H=6.79 GPa, and for the composite 80HA20CZ: σ0 = 53.23MPa and
H=5.67 GPa. In this way, it is verified that by uniformizing the por-
osity effect, there is a considerable increase (2.8 times) of the me-
chanical resistance with the addition of 10% of calcium zirconate.
However, an increase in the CaZrO3 content did not promote an aug-
ment of the mechanical resistance.

The microstructures shown in Fig. 3 reveal that HA100 samples are
composed of rounded grains with a mean size of 3 µm, but some of them
are larger (~7 µm) and dense regions of β-TCP are visible due to de-
composition of hydroxyapatite. Composites 90HA10CZ and 80HA20CZ
present a similar typical grain size lower (2 µm) and more homo-
geneous with a maximum size up to 4 µm. In these composites no re-
gions of β-TCP are observed, but pores with some depth and CaZrO3

grains with size up to ~1 µm distributed along of the microstructure are
observed.

In any of the fracture surfaces analysed (Fig. 4), there were no large

Fig. 5. X-ray diffraction spectra of the sintered composites and of the theoretical patterns of the possible phases. From top to bottom: HA80CZ20; HA90CZ10; HA100;
CaO (#4–777); m-ZrO2 (#37–1484); t-ZrO2 (#17–923); c-ZrO2 (#49–1642); CaZrO3 (#35–0790); α-TCP (#9–348); β-TCP (#9–169); HA (#9–432).
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singular defects. The main defects observed in the microstructure of the
materials were pores, where the pore sizes were the smallest for ma-
terial HA100, intermediate for material 90HA10CZ and largest for
material 80HA20CZ. Therefore, large pores should act as critical flaws,
and this would explain the lowest values of strength found for the
80HA20CZ material, despite the higher content of calcium zirconate.
Fracture was mostly transgranular in HA100 specimens (Fig. 4a and b)
and mixed transgranular/intergranular in 90HA10CZ (Fig. 4c and d)
and 80HA20CZ (Fig. 4e and f). In H100 material, fracture was trans-
granular probably due to the large areas of glass areas. The finest and
homogeneously distributed grains of CaZrO3 and their strong grain
boundaries surrounding by glass acting as effective cement between

them can explain the greater relevance of the intergranular fracture. On
the other hand, the high young modulus of CaZrO3 (E=228 GPa [41])
promotes the reinforcement of the hydroxyapatite matrix
(E=~95 GPa [32]) and consequently improve the resistance.

Samples composed of 100% hydroxyapatite (HA100) show peaks in
2θ of 25.80, 29.66, 34.37, 46.97 and 49.79 which are attributed to β-
TCP (Fig. 5). Thus, it is confirmed that for pure hydroxyapatite samples
there is a partial decomposition of β-TCP. Furthermore, in this analysis
of the spectrum peaks, none of them can be attributed to the α-TCP
phase, which is consistent with the literature [36,54], since the for-
mation of this phase only occurs above 1350 °C.

In samples with 10% and 20% of calcium zirconate, the presence of

Fig. 6. Optical microscopic images of human osteoblasts (hOB) cultured on 100HA, 90HA10CZ and 80HA20CZ samples after 1, 3 and 7 days of incubation; K-,
negative control; K+, positive control. Darker edges of the images correspond to the samples borders and shadows, where scale bar represents 200 µm.
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the peaks in 2θ of 22.07, 31.04, 31.54, 31.97, 45.18, 50.23, 50.89,
55.54, 55.86, 56.47 and 56.73 are observed (Fig. 5). These peaks are
consistent with the theoretical CaZrO3 phase card. The intensity of
these peaks increase with higher contents of calcium zirconate. In these
composites the formation of CaO and the order phases of zirconia (m-
ZrO2, t-ZrO2 and c-ZrO2) is not identified. The addition of the CaZrO3

phase promoted the stabilization of the hydroxyapatite phase and did
not lead to the formation of the β-TCP phase or the tetragonal phase (t-
ZrO2) [30,32]. This fact is based on the observation of the displacement
of the peaks between the HA100 sample and the biocomposites
(80HA20CZ): - displacement of the peak 25.80 (β-TCP) to 25.88 (HA);
peak 34.37 (β-TCP) to 34.05 (HA); peak 46.97 (β-TCP) to 46.71 (HA);
peak of 49.79 (β-TCP) to 49.47 (HA), and the absence of the peak 29.66
(β-TCP).

The major phases were determined by Rietveld refinement

(Table 3), the sum of minority phases (CaO, m-ZrO2, t-ZrO2 and c-ZrO2)
is less than 1wt%. The weight of the minority phases and the standard
deviation explains why the indicated value for the CZ phase is greater
than 20%. The results are consistent with Fig. 5, where the addition of
CaZrO3 promotes a gradual decrease of the HA decomposition in the α-
and β-TCP phases.

In vitro studies were performed to determine bioactivity and bio-
compatibility of the biocomposites. The data obtained from MTT assay
(Fig. 6) revealed that the different materials studied in this work with
different content of HA and CZ did not affect viability of hOB cells, after
7 days of incubation. These results are in agreement with others, who
previously investigated in vitro cytotoxicity of similar biocomposites
with hydroxyapatite and ZrO2, and reported a reduced toxicity for
these materials [55,56]. Such biocompatibility results can be explained
by the presence of the hydroxyapatite in biocomposites. This bioactive
mineral is also presented in mineral composition of native bone which
is mainly composed by calcium and phosphate ions. Due to its similarity
with the natural bone, HA can bind to a great variety of biomolecules
and therefore, newly formed bone is able to directly attach to this
material, thus making it an essential element required for bone re-
generation [57–60].

The interaction between cells and samples surfaces was further
analysed by SEM for 1, 3 and 7 days. The acquired images show that
hOB cells were able to grow and spread on materials surfaces along
time. These results can be attributed to surface roughness that has been
reported to directly influence cellular morphology, proliferation and
differentiation by providing a site for cellular adhesion and growth,
rather than smooth surfaces [32,52,61,62]. Furthermore, among the
tested compositions, 80HA20CZ samples seemed to present a lower
number of adhered cells, a result that can be explained by its lower
hydroxyapatite content.

Taking these results into consideration, it can be concluded that HA-
CZ biocomposites are able to induce an appropriate cellular response,
required for osseointegration between bone and implants, improves the
mechanical strength without impairing biocompatibility. Nonetheless,
for optimal balance between biological and mechanical results, HA-CZ

Fig. 7. Cellular viability after 1, 3 and 7 days compared to negative control (K-),
positive control (K+) of the ceramic biocomposites with 0 wt%, 10 wt% and
20 wt% of CaZrO3.

Fig. 8. SEM images of hOB cells at the surface of HA-CZ ceramic biocomposites after 1, 3 and 7 days.
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biocomposites should be proposed as material for biomedical applica-
tion, however for higher contents of 10 wt% CaZrO3 the mechanical
and biological properties start to decrease.

5. Conclusion

CaZrO3-HA composites obtained by rate controlled sintering were
manufactured and the effect of stoichiometric calcium zirconate dopant
on the decomposition of hydroxyapatite, microstructural, mechanical
and biological properties were studied.

The results obtained showed that the addition of 10 wt% of CaZrO3

to the hydroxyapatite allowed the production of biocomposites with
lower density values (1.6%), with a tensile strength and hardness for
dense materials of the 55MPa and 6.8 GPa, respectively. Moreover, the
addition of the CaZrO3 phase promoted the stabilization of the hydro-
xyapatite phase. The addition of higher values of CaZrO3 increases the
porosity and does not improve the mechanical and biological properties
of the biocomposite.

Furthermore, the in vitro studies confirmed the good biocompat-
ibility of the biocomposites, in particular for the composition with
10 wt% of CaZrO3. These results high light the potential of this ceramic
composition for biomedical applications being an alternative to the
traditional applications of hydroxyapatite.
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