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27 February 2017 scaffolds for bone tissue regeneration could further enhance osteogenesis. The
aim of this work was the synthesis, characterization and investigation of the

© Springer Science+Business  apatite-forming ability in inorganic environment of two sol-gel-derived bioac-

Media New York 2017 tive Sr-containing glass—ceramic materials with 5 and 10% of SrO. The thermal
properties of the synthesized materials were studied using differential thermal
analysis (TG-DTA). The apatite-forming ability test was conducted in SBF for
various immersion times for both thermally treated and untreated samples. The
characterization of the samples before and after immersion in SBF was per-
formed with Fourier transform infrared spectroscopy (FTIR), X-ray powder
diffraction (XRD) and scanning electron microscopy with associated energy-
dispersive spectroscopy. FTIR spectra revealed that all synthesized glass—ce-
ramic materials presented the characteristic bands of silicate glasses, while XRD
identified various crystalline phases, mostly calcium silicates. Strontium is
present in the form of strontium silicate in both as-received and thermally
treated specimens, and Sr-diopside in the thermally treated specimens. The
apatite-forming ability of the glass—ceramic materials was confirmed by the
formation of a hydroxyapatite layer after 3 and 5 days of immersion in SBF on
the surface of the untreated and thermally treated samples, respectively. The
apatite layer, also, became thicker as the immersion time increased.
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Introduction

Biomaterials are either natural or artificial materials
which can be inserted in biological systems, in order
to improve or replace damaged organic tissues or
organs [1, 2] causing little or no side effects in the
human body [3]. The ability of biomaterials to inter-
act with the tissues is called bioactivity [1]. Due to
this property, an exchange of ions occurs between the
implanted bioactive materials and the body fluids
and as a result a hydroxycarbonate apatite (HCAp)
layer is being developed at the interface between
them and the surrounding tissues. Through this
layer, a strong connection is achieved [4-7].
Biomaterials, according to their chemical nature,
are being classified in ceramics, metals and metal
alloys, polymers and composite materials [8]. As
ceramics we name all inorganic non-metallic materi-
als which have undergone heat treatment at high
temperatures [9]. Any ceramic which presents some
kind of biocompatibility is called bioceramic [6].
Since the discovery of Prof. Hench of 4555 bioactive
glass [10, 11], various compositions of bioactive
glasses (amorphous solid materials) and glass—ce-
ramics which are placed in the range of bioceramic
materials [8] and are suitable for bone tissue engi-
neering applications have been proposed [12]. Many
of these glass—ceramics were synthesized with the
sol-gel technique. The sol-gel technique is a widely
used method for the production of bioactive glass—
ceramic materials because of its advantages, mainly
the enhanced homogeneity, porosity and bioactive
behavior of the synthesized materials and the
increased surface area that these materials present
[13, 14]. Furthermore, various studies have been
reported in which many sol-gel produced materials
have the ability to bond to both soft and hard tissues
and to promote bone growth due to their increased
surface area [15]. The sol-gel route is effectively
employed in the development of novel bioceramic
scaffolds for bone tissue engineering [16]. The sol-gel
process allows the presence of nanopores in the
resulting material, which in turn is causing its
degradation in a faster rate than melt-derived bioce-
ramics, ultimately resulting in faster HCAp forma-
tion [17]. Additionally, several studies report that Si-,
Ca-, Mg- and Sr-containing glasses are highly bioac-
tive and could be used for biomedical applications
[12, 18, 19]. The controlled release of these active
metal ions, at desired dosage levels in the
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physiological environment, affects positively the
behavior of human cells and enhances the therapeutic
and stimulant effects of bioactive glasses in osteoge-
angiogenesis, and antibacterial potential
[20-22]. Specifically, Sr-containing bioactive glasses
and glass—ceramics have attracted the interest of the
scientific community because of the beneficial effect
of strontium (Sr) on bone metabolism and their
improved mechanical properties. The major advan-
tage of Sr is that it reduces bone resorption, while it
enhances bone formation both in vitro and in vivo
[15, 23], becoming a promising agent for the treat-
ment of osteoporosis [24, 25]. Bioactive Sr-containing
glasses have increased extracellular bioactivity and
release critical concentrations of the Sr-ions in the
dissolution, within the range 1-5 ppm [26, 27]. This
release of Sr-ions has been shown to enhance bone
cell activity [28].

Although recent research has shifted the emphasis
to the importance of incorporating divalent ions such
as Mg, Zn>" and Sr** in calcium silicate (CS) bio-
ceramics for the enhancement of bone formation
and/or regeneration, the synergistic effects of these
ions either on the apatite-forming ability or osteo-
genic capacity have not been thoroughly investi-
gated. To the best of the authors” knowledge, sol-gel
bioactive CS ceramics combining two important trace
elements of bone, i.e., Mg®" and Sr**, that have
proven positive effect on bone metabolism have not
been evaluated before. These novel materials could
prove beneficial as multi-ion-releasing substances
and could be used in many versatile ways such as the
synthesis of bioceramic scaffolds or bone cements,
aiming to exhibit better biological performance
toward bone generation, especially in cases of
osteoporotic bone defects where high-quality bone is
difficult to regenerate.

In this work, two Sr-containing glass—ceramic
materials in the ternary system SiO,-CaO-MgO
with different Sr content were synthesized by the
sol-gel method [27]. The apatite-forming ability test
of glass—ceramics was conducted in SBF for various
immersion times (3, 5, 10, 15, 20 and 30 days). The
bioactive response of the samples was evaluated
using Fourier transform infrared spectroscopy
(FTIR), differential thermal and thermogravimetric
analysis (TG-DTA), X-ray diffraction analysis (XRD)
and scanning electron microscopy with associated
energy-dispersive spectroscopic analysis (SEM/
EDS).
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Materials and methods

Two glass—ceramic materials were prepared, with
similar composition nominally SiO, 60, CaO 30, MgO
5, SrO 5 (5r5) and SiO; 60, CaO 25, MgO 5, SrO 10
(5r10) in wt%. The glasses were synthesized by the
sol-gel technique as described in the literature
[29-31]. In detail, the two glasses were synthesized by
mixing 29 ml of DI H,O, 4.8 ml of 2 N HNO; and
30 ml of tetraethyl orthosilicate (TEOS) in a beaker. A
magnet was added to the solution, and the beaker
was placed on stirrer at 400 rpm, until the solution
was hydrolyzed [32]. Afterward, the amounts of
Ca(NO3),-4H,0, Mg(NOj3),-6H,0 and Sr(NO3), were
accordingly calculated and added in the composition.
The solution was left to stir for 50 min at room tem-
perature. Aging was achieved at 60 °C for 55 h, and
afterward, for drying, the materials were heated
gradually at 60, 90 and 120 °C for 69 h, in the pres-
ence of moisture. Then the materials were transferred
to a platinum capsule (Pt), undergoing heat treatment
at 400, 600 and 700 °C, to achieve the final stage of
chemical stabilization, that is to allow nitrate elimi-
nation and the final densification of the resulted
materials.

At this point, the two Sr-containing materials (Sr5
and Sr10) were categorized in two sub-groups each.
One sub-group included the materials that were kept
as-received after chemical stabilization (Sr5u and
Sr10u) and the second group the materials that were
subjected to subsequent thermal treatment (Sr5t and
Sr10t) according to the results of the thermal analysis.
Thermal treatment of both groups was performed
from room temperature (18 °C) to 892 and 903 °C for
the Sr5 and the Sr10, respectively, with a heating rate
of 10 °C/min. At these temperatures, they remained
for 10 min and then they were cooled in room
temperature.

All glasses were characterized by differential
thermal and thermogravimetric analysis, performed
with a Setaram thermogravimetric-differential ther-
mal analyzer SETSYS 16/18-TG-DTA, dynamic con-
ditions with heating rates of 10 °C/min—in nitrogen
atmosphere—and furnace cooling. The samples were
placed in alumina crucibles, and heating was per-
formed up to 1350 °C. The sequential sintering tem-
perature was chosen based on the maximum
crystallization of the materials according to the
thermogram.
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The obtained powders were placed into a metal die
and pulverized in vacuum under pressure of
<10 tons. Thereafter, the powders were transferred
to a ball milling (5100, Retsch GmbH, Germany) and
were ground for 30 min at a rate of 300 rpm. The
milled powders with a grain size of <40 mm were
collected through a mesh sieve.

The apatite-forming ability test of glass—ceramics
was conducted in ¢-SBF (pH 7.40) at 37 °C with a
ratio of 1.5 mg/ml [33] for various immersion times
(3, 5, 10, 20 and 30 days). The SBF solution was pre-
pared as described by Kokubo et al. [34] and had
similar ion concentrations to those of human blood
plasma. Then the samples were removed from the
SBF solution and they were rinsed with ethanol and
distilled water, dried at 30—40 °C and stored in air-
tight containers.

Before and after the heat treatment, as well as the
apatite-forming ability test, the crystal structure of
the material was investigated by Fourier transform
infrared spectroscopy (FTIR), X-ray diffractometry
(XRD) and scanning electron microscopy with asso-
ciated energy-dispersive spectroscopy (SEM/EDS).
FTIR transmittance spectra were obtained using a
Perkin-Elmer Spectrometer Spectrum 1000 in MIR
region (4000-400 cm ") with a resolution 4 cm ™', by
the KBr pellet technique. XRD measurements were
carried out using a Philips (PW1710) diffractometer
with Ni-filtered CuKa wave radiation. The counting
statistics of the XRD study were: step size: 0.02° 20,
start angle: 5°, end angle: 75° and the time per step:
1.5 s. Recognition and identification of crystalline
phases was based on the database PDF-4+ (2009) of
the ICDD. The quantitative estimation of the minerals
was based on counts of specific reflections, taking
under consideration the density and the mass
absorption coefficient of minerals identified for CuKa
radiation. Corrections were made using Rietveld
refinement. The proportion of amorphous material
was calculated according to the methodology
described by Kantiranis et al. [35]. The synthesized
materials were powdered. The topographical evalu-
ation and elemental analysis of the samples before
and after immersion in SBF were performed by a
scanning electron microscope (J.5.M. 840A; JEOL,
Tokyo, Japan) with associated energy-dispersive
X-ray spectrometer (OXFORD, INCA X-Stream 2,
UK) (SEM/EDS).
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Results and discussion Figure 3 SEM microphotographs of the synthesized powders®™

with indicative EDS spectra from spot analysis.
Differential thermal and thermogravimetric
analysis

water during the polycondensation reaction of silanol
[36, 37]. The mass loss at the range of 420675 °C is
associated with the thermal decomposition of port-
landite, while the most pronounced mass reduction
occurred in the temperature range of 675-920 °C.
Specifically, for Sr5 specimen the beginning of that
step occurred at 650 °C, resulting in a 0.8% mass loss

Figure 1 shows the mass loss and the heat flow
curves of the Sr-containing materials. For both syn-
thesized materials, mass reduction in TG curves took
place in certain individual steps. The primary two
mass loss steps concern water elimination, due to the
evaporation either of adsorbed water or of resulting
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Figure 1 Heat flow and mass loss curves for a Sr5 and b Sr10 glass—ceramic materials.
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Figure 2 FTIR spectra of the synthesized materials.
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«Figure 4 XRD patterns of the synthesized powders before and
after immersion in SBF solution.

that was completed at 880 °C. For the Sr10 material,
respectively, the beginning of the mass reduction
appeared at 687 °C and its completion occurred at
920 °C, with a total mass loss of 2%. The aforemen-
tioned mass losses were attributed to the loss of CO,,
probably due to the partial decomposition of stron-
tianite, the presence of which was confirmed by XRD
[38]. The total mass loss of both materials was well
under 4%.

The heat flow curves of both specimens exhibited
two endothermic peaks up to 430 °C, which were
attributed to the aforementioned processes of water
evaporation. Afterward, there was a small
detectable endothermic peak (754 °C) for both mate-
rials, which was probably caused by a glass transition
process. The heat flow curve of Sr5 presented a
crystallization peak at 892 °C, whereas the Sr10 curve
presented a peak at 903 °C and a smaller one at and
896 °C (embedded image in Fig. 1b). This difference
in the thermal behavior of the Sr-containing materials
has been associated with the amount of Sr in the glass
network. As reported by Massera and Hupa [39]
when up to 5 mol% of SrO is added in order to
substitute the CaO content of a bioactive glass, the
main crystallization peak shifts to lower tempera-
tures. However, when the amount of SrO is higher
than 5 mol%, the main crystallization peak is slightly
shifted to higher temperatures, while a second crys-
tallization peak is formed quite near, in slightly lower
temperatures. Finally, the melting process took place
in the temperature range of 1235 °C up to the end of
the obtained curves, consisting of two distinct peaks
for both materials, attributed to the melting of dif-
ferent crystalline phases [40]. More specifically, the
two discrete endothermic peaks of Sr5 sample
occurred at 1294 °C and 1347 °C, while those of Sr10
specimen appeared at 1329 and 1332 °C. The crys-
tallization peaks at 892 and 903 °C for each material
were selected as the sintering temperature.

FTIR analysis of the synthesized materials

Figure 2 shows FTIR spectra of the synthesized
powders. FTIR spectroscopy revealed that all syn-
thesized glass—ceramic materials presented the char-
acteristic bands of silicate glasses, those being the
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broad peak at 900-1200 cm™' and the peak at
400-580 cm ' [41]. These peaks are attributed to the
asymmetric stretching vibration of Si-O-Si and the
bending vibration of the Si-O-5i bonds, respectively
[42]. Furthermore, the peak at 1646 cm™' indicates
the presence of absorbed water on the surface of the
samples [43]. The FTIR spectra of untreated speci-
mens present a sharp peak at 3643 cm ™ attributed to
Ca(OH),, while the broad band at ~ 1460 cm ™" along
with the weak band at 859 cm™" indicate the presence
of SrCO;. Moreover a small quantity of calcium sili-
cate crystalline phases is observed, especially for the
Sr10u sample. Comparing the spectra of treated to
untreated samples, a significant reduction of Ca(OH),
and SrCOj; is observed. Also, the new peaks that
emerge indicate the increase in crystalline phases
such us wollastonite and Sr-diopside.

SEM/EDS analysis of the synthesized
materials

SEM microphotographs of the synthesized materials
(Fig. 3) revealed irregular-shaped grains with a grain
size under 40 pm. EDS analysis did not reveal any
significant alterations in elemental composition
between untreated and thermally treated samples,
while higher amounts of Sr were detected in the
Sr10u and Sr10t samples as was expected.

XRD analysis of the synthesized materials

The XRD patterns of the synthesized powders are
shown in Fig. 4. The results are in accordance with
the FTIR findings, while significant differences were
observed among the crystalline phases of the
untreated and treated samples, which are shown
briefly in Table 1.

As shown by XRD analysis, both groups present
large amounts of crystalline phases which increase
after thermal treatment. The main phases are calcium
silicates, as was expected, while Sr is present in the
form of Sr silicate in both the as-received materials
and the thermally treated specimens, and Sr-diopside
in the thermally treated specimens. Pyroxene group
is a large group of inosilicate (chain silicate) minerals
with the general formula XYZ,0Os, where X can be
one of the following elements: Mg**, Fe**, Mn**, Li™,
Ca’*, Na', Y: AP, Fe’*, Cr’t, Cr’t, Ti*t, Mg®™,
Fe**, Mn*" and Z: Si, AI’*, Fe’* [44]. Although
diopside (CaMgSi,Og) is the most common form of
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Table 1 Crystalline phases identified by XRD on the starting materials

0 days
Sr5u (%) Sr5t (%) Sr10u (%) Sr10t (%)
Amorphous 45 36 32 23
Calcium silicates 24 50 51 66
Wollastonite (B-CaSiO3) 3 23 5 27
Larnite (Ca,SiO4) 12 11 24 18
Hatrurite (CazSiOs) 9 11 22 14
Pyroxene, mainly Sr-diopside, (Cag 75519 2Mg;.0551,06) - 5 - 7
Vaterite - 4 - 3
Strontianite (SrCO3) 10 6 6 4
Portlandite (Ca(OH),) 12 - 8 -
Lime (CaO) 7 - -
Strontium silicate (o-Sr3Si3Oqg) 2 4 3 2
Merwinite (CaMg(SiO,), - - - 2
Total 100 100 100 100

pyroxene in Mg-based glass—ceramics, in both ther-
mally treated groups, Sr-diopside has been identified
in small percentages, suggesting the substitution of
Ca®" with Sr** in its structure. This substitution is
common, as Sr** and Ca®" have similar ionic radii of
1.18 and 1.00 A, respectively [45], a difference that
allows Sr to be substituted for Ca in bioactive glasses
[46]. However, as the ionic radius of Sr is slightly
higher, it leads to an expansion and subsequent dis-
ruption of the glass network, altering the nucleation
mechanisms facilitating the crystallization process [47].

FTIR analysis of the synthesized materials
after immersion in SBF

The FTIR spectra (Fig. 5) reveal the precipitation of
apatite on the surface of all samples after 5 days of
immersion in SBF as verified by the strong band at
~1035 cm™" which is assigned to the P-O stretching
vibration and the appearance of the two bands at
610-600 and 560-550 cm™' assigned to the P-O
bending vibration of HAp [43, 48-50]. The double
peak of the P-O bending vibration of HAp appears
first in the spectra of untreated specimens, after
3 days of immersion, and with 2 days delay in the
spectra of the thermally treated specimens. In a
recent paper of Goudouri et al. [51], a Sr-free sol-gel-
derived glass in the system 60%SiO,-30%CaO-
10%Mg0 thermally treated 2040 °C below its crys-
tallization temperature, developed amorphous Ca-P

@ Springer

spheres after 3 days in SBF. Thus, Sr substitution in
the glass—ceramics of the present study, did not exert
any negative effect on the apatite-forming ability of
the synthesized materials, but instead resulted in the
formation of crystalline HAp even after 5 days in
SBF. The peak at 800 cm™', which emerges after
3 days in SBF, corresponds to the Si-O-5i stretching
vibration due to the polycondensation of silanols
(SiOH + SiOH — Si-0-Si) [7]. This peak disappears
in the spectra of both Sr5u and Sr10u after 30 and
20 days, respectively, while it still remains in the
spectra of both Sr5t and Sr10t even after 30 days in
SBF. For the untreated samples, it seems that apatite
formation starts earlier on the Sr10u samples with the
higher amount of Sr, which can be explained by the
less coherent glass network due to the higher amount
of Sr substitution of Ca and by the higher MgO/CaO
ratio which enhances the surface reactivity of bioac-
tive glasses [51-53]. Comparing Sr5 to Sr10 samples,
there is no significant difference concerning the time
for apatite precipitation. Comparing untreated to
treated samples, a delay in the growth of apatite is
observed for the treated samples, as shown by the
presence of the peak at 800 cm™' even after 30 days
in SBF and the presence of the peak at 465 cm™'
attributed to the Si—-O-Si bending vibration from the
substrate silica network. Higher ion solubility for the
untreated samples due to their less crystallinity
(higher amount of amorphous and lower amount of
calcium silicates as shown later with XRD) may
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explain this difference in apatite-forming ability. The
peak at 870 cm ™' assigned to the C-O out-of-plane
bending vibration of the carbonate group [43, 50] is
gradually increased during the immersion in SBF.
Although this peak has been assigned to the HCAp
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formation, XRD analysis failed to reveal the forma-
tion of carbonated apatite. As shown later, other
carbonated crystalline phases are developed during
the immersion in SBF which justify the increase in the
intensity of this peak [54].

Figure 5 FTIR spectra of the

30 days
untreated and thermally treated
powders reacted in SBF for
various days of immersion for 20 days

each sample group. a Sr5u,
b Sr10u, ¢ Sr5t and d Sr10t.
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Summarizing, after 5 days of immersion in SBF an
apatite layer is developed on the surface of all sam-
ples, which becomes thicker with time, as verified by
the sharper and more intense peaks of apatite, espe-
cially on the untreated specimens.

XRD analysis of the synthesized materials
after immersion in SBF

The percentages of the identified crystalline phases
by XRD are shown in Table 2 and the respective
patterns in Fig. 4. The intensity of the amorphous
phase is increased with immersion time firstly due to
the decrease of the percentages of the phases of the
starting materials. Secondly the apatite-forming
ability of a material, while it is immersed in SBF,
constitutes an ongoing procedure. Thus, the increase
in amorphous content is inherently dependent on
apatite precipitation; why the amorphous phase is
the precursor for that procedure. Also the precipita-
tion of apatite on the surface of all samples after
5 days of immersion in SBF is verified. These data are
consistent with the results of the FTIR spectra. A
delay in the growth of apatite is observed concerning
the Sr10t samples, which was expected due to its
increased crystallinity. However, after 20 days the
percentages of apatite for both materials either
untreated or not are comparable. The developed
apatite layer on the surface of all samples becomes
thicker with time, as verified by the higher amounts
of HAp calculated by the XRD. An interesting finding
was observed by the XRD analysis of the treated
specimens, as minor amounts of vaterite were recor-
ded after immersion in SBF. Vaterite is one of the
three predominant anhydrous calcium carbonate
mineral phases of CaCOj;, with the other two being
calcite and aragonite. From these polymorphs calcite
is the more stable, while vaterite is the most
metastable phase, which rapidly converts to calcite in
wet environment. According to the Ostwald’s rule of
stages [55], the least stable phase crystallizes first and
then transforms to the more stable polymorphs.
Consequently vaterite, as the least stable polymorph
of CaCO;, is rarely observed without being inten-
tionally stabilized. In this study, its presence can be
justified by factors such as high supersaturation level,
alkaline pH, and body temperature (37 °C), condi-
tions that have been reported to favor the formation
of the vaterite phase [56, 57]. However, vaterite was
not observed on the surface of untreated specimens.
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Table 2 Crystalline phases identified by XRD after immersion in
SBF

Sr5u Sr5t

5 days in SBF (%)

Amorphous 52 Amorphous 45
Calcium silicates 4 Calcium silicate 34
Strontianite 12 Strontianite 5
Apatite 32 Apatite 14
Vaterite 2
10 days in SBF (%)
Amorphous 42 Amorphous 47
Calcium silicates 5 Calcium silicates 20
Strontianite 9 Strontianite 5
Vaterite 2
Apatite 44 Apatite 26
20 days in SBF (%)
Amorphous 37 Amorphous 38
Strontianite 6 Calcium silicates 5
Apatite 57 Apatite 53
Strontianite 2
Vaterite 2
Sr10u Sr10t
5 days in SBF (%)
Amorphous 61 Amorphous 41
Strontianite 16 Calcium silicates 39
Apatite 23 Apatite 11
Strontianite 6
Vaterite 3
10 days in SBF (%)
Amorphous 47 Amorphous 33
Strontianite 14 Calcium silicates 35
Strontianite 5
Vaterite
Apatite 39 Apatite 25
20 days in SBF (%)
Amorphous 33 Amorphous 26
Strontianite 13 Calcium silicates 19
Strontianite 2
Vaterite 2
Apatite 54 Apatite 51

This can be explained by the high amount of calcium
silicates present on the thermally treated specimens.
Calcium carbonate formation in the presence of var-
ious silicates and oxides shows a non-predicted
behavior, as the presence of the tetrahedral silicate
ion in the flat carbonate lattice prohibits the organi-
zation of the carbonate into crystalline polymorphs
and favors the kinetic stabilization of vaterite [58-60].
In this study, vaterite crystallization may have been
favored by the high amount of silica available on the
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Figure 6 SEM microphotographs of the specimens after 5, 10, 20 and 30 days in SBF.

surface of the thermally treated glass—ceramics, in
combination with other factors as well, such as tem-
perature and pH of the solution, and the presence of
Mg*" that has been found to suppress the transfor-
mation of vaterite by inhibiting the growth of the
most stable phase of CaCOj calcite [61, 62]. Vaterite
occurs as sub-pum-sized spherical particles, and it has
been recently proposed along with aragonite, as
additive in resorbable calcium phosphate cements for
bone tissue engineering, as it can develop apatitic
CaP globules between 72 and 96 h of immersion in
the Lac-SBF solution at 37 °C [63] (Fig. 4).

SEM/EDS analysis of the synthesized
materials after immersion in SBF

The SEM micrographs of the samples are shown in
Fig. 6. After 5 days of immersion in SBF, the SEM
micrographs revealed changes in the morphology of
the surface and the appearance of small agglomer-
ated apatite spheres. After 10 days, the agglomerates

start to grow, while the results of the Ca/P ratio
ranging from 1.6 to 1.8 suggest HAp precipitation.
After 30 days in SBF, typical Ca-P EDS spectra
were received in all cases of untreated samples with a
Ca/P ratio around 1.7 (Fig. 7). In the case of Sr5t and
Sr10t and at all immersion times, EDS analysis
detected high amounts of calcium along with silicon
(Fig. 7, Sr5t, spectrum 2/Srl10t, spectrum 4), due to
the presence of calcium silicates on the surface of the
starting materials, as detected by XRD. This excess of
calcium on the surface of the specimens along with
the carbonate ions from SBF allows the formation of
vaterite, which has been reported to grow in the
presence of calcium silicates as reported above.

Conclusions

In this study, the successful synthesis of two Sr-con-
taining calcium silicate glass—ceramics was per-
formed through the sol-gel method. Strontium
incorporation resulted in the formation of crystalline
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Figure 7 Backscattered microphotographs of the specimens after 30 days in SBF and respective EDS analysis.
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apatite after 3 and 5 days of immersion in SBF on the
surface of the untreated and thermally treated sam-
ples, respectively. Due to their high amount of
amorphous glassy phase and their enhanced apatite-
forming ability even after sintering at high tempera-
tures, these novel glass—ceramics can be suggested
for the synthesis of Sr-containing/releasing scaffolds
for bone tissue repair or engineering. Nevertheless, in
order to examine the kinetics of Sr release and to
provide insights of its beneficial effect on cell
attachment, proliferation and differentiation, further
work is currently contacted.
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