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This study is aimed to evaluate the biocompatibility and bioactivity of some new porous forsterite ceramics
(FCs) produced from high-purity nano forsterite powder, synthesized by an original sol-gel method, which
was subjected to pressing into pellets, by using a poly vinyl alcohol solution as a binding component. Then,
the raw pellets were sintered at 1200 °C, 1300 °C, 1400 °C and 1450 °C. The obtained four forsterite
ceramics, FC-1200, FC-1300, FC-1400 and FC-1450, were fully characterized by density, porosity and
shrinkage measurements. The forsterite ceramics exhibited excellent biocompatibility determined by an in
vitro cell viability assay, such as MTT test. Furthermore, the in vitro bioactivity test was performed by
immersing the forsterite ceramics into simulated body fluid (SBF) and examining the hydroxyapatite (HAP)
formation on forsterite ceramics, as evidenced by XRD, FTIR, SEM with EDX. Moreover, the relationship
between porous structure and bioactivity of forsterite ceramics in SBF as well as the performance of FC in a
cell culture was evaluated. The findings strongly recommend these forsterite ceramics for biomedical
applications, as potential bone substitutes.
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Recently, a new class of forsterite ceramics (FCs), obtained from forsterite nanoparticles, has become a subject of
intense exploration as promising biomaterials for medical applications [1-7]. Due to antibacterial activity, the
forsterite ceramic might be a proper candidate for load bearing applications [1]. Surely, more scientific research is
needed to assess the usage of bioactive forsterite ceramics for load bearing bone and denture prosthesis. In this
respect, it is already recognised that the in vitro and in vivo performance of nanostructured forsterite ceramics depends
on various factors, like the stability of forsterite structure, which is influenced by both preparation conditions of nano
forsterite powder and fabrication method of forsterite ceramics [8-12].

Various procedures, such as sol-gel method, sol-gel combustion method, solid-state reaction, and microwave
approach, just to name a few, were used to synthesize pure nano forsterite powder [13-21]. The phase purity of
synthesized forsterite was reached at high temperatures by slow diffusion rates within magnesium silicate systems.

Further, forsterite ceramics can even provide promising alternatives for the replacement of a bone part, [22] due to
its expected high bioactivity, which is inherited from forsterite nanoparticles [14]. Furthermore, it may improve cells
attachment and proliferation and, thus, it might generally reduce the necessary time for osseointegration of implanted
materials, as has recently been demonstrated [23]. As such, the development of new forsterite ceramics is a continuing
progress.

Moreover, forsterite (Mg.SiO.) possesses good bioactivity due to its high content of Si and Mg, which can be
released from forsterite, in vivo, and, are necessary in bone development. For instance, silicon is believed to be
required in the initial stages of the calcifying process, increasing the mineralization of young bone, while magnesium
has been proven to contribute to skeletal mass gain [19, 24, 25]. It is recognized that when released into a biological
environment, for instance in simulated body fluid, SBF, Si and Mg, are replaced by Ca and P ions [26] leading to the
formation of a hydroxyapatite (HAP) layer on the surface of forsterite particles [14].

In our previous work, nano forsterite powder was synthesized using sol-gel and solid-state reaction methods, and
characterized both physico-chemically using XRD, FTIR, SEM, AFM, SEM-EDX and biologically in SBF and in cell
culture, as bone substitutes and resorbable implants [14-16]. Additionally, biocomposites of nano forsterite highly
dispersed in a polymeric matrix were prepared and structurally and biologically characterized, their mechanical
properties being evaluated for orthopedic and dental applications [17].
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Furthermore, these findings indicate that both nano forsterite powder and forsterite ceramics can lead, in vivo, to a
proper effect on bone calcification [24] and bone repair [27-28]. and they can be a potential biomaterial for tissue
engineering. However, systematic studies on nano forsterite production coupled with its sinterability leading to porous
forsterite ceramics of high bioactivity remain rare. From an engineering viewpoint, the densification of forsterite
nanoparticles into forsterite ceramics to reach a proper porosity is an important subject for various medical
applications, but the relationship between density, porosity and sintering behaviour of nano forsterite in forsterite
ceramics has not been examined in detail for medical applications. So, the present study investigated this relationship
in the resulted samples sintered between 1200 and 1450 °C, and correlated the findings with both the bioactivity of
forsterite ceramics in SBF and their biocompatibility in cell culture.

In this investigation, the main objective was to develop forsterite ceramics of various porosities, and to assess their
quality testing through sintering behavior of nano forsterite powder. A detailed study was also performed for in vitro
evaluation of both the biocompatibility in cell culture and bioactivity in SBF of forsterite ceramics.

Experimental part
Preparation of forsterite ceramics

To synthesize the forsterite ceramics, nanostructured forsterite powder was used. The nano forsterite (Mg.SiOa)
powder was synthesized according to our previous study [14] by using the sol-gel method. Briefly, hexahydrated
magnesium nitrate Mg(NOs). .6H,0, Merck, was dissolved in an appropriate quantity of pure water and mixed with
tetraethyl orthosilicate, TEOS, Si(OC,Hs), from Merck. The Mg:Si molar ratio was 2:1, which corresponds to the
theoretical value for pure forsterite. The mixture was homogenized for 2 h by using magnetic stirring device. Then,
sucrose and nitric acid were added as pH regulators. Then, the mixture was heated up to 80 °C and stirred for another
2 h. The final obtained mixture was preserved for 24 h at room temperature to allow the gel formation. Subsequently,
the dried gel was heated in two steps at 800 and 900 °C, with 2h plateau at each high temperature. The obtained
nanostructured forsterite was of high purity crystalline phase fired at 900°C, containing crystallite sizes smaller than
60 nm and only minor trace of periclase (MgO).

Further, to prepare the forsterite ceramic, the nano forsterite powder was mixed with a 2 % poly vinyl alcohol
(PVA, purchased from Sigma-Aldrich) solution, leading to a 6 % humidity of the granulated mixture. The mixture was
uniaxially pressed into compact disc-shaped pellets, with a diameter of 6.2 mm and a height of 2 mm at a specific
pressure of 500 kgf/cm? (49.03 MPa).

Subsequently, the dried samples (at 120 °C) were thermally treated and sintered in air at temperatures of 1200,
1300, 1400 and 1450 °C in a Nabertherm laboratory kiln at a heating rate of 3 °C/min, for a 2 h plateau at each
selected sintering temperature. Then, the furnace was cooled at a rate of 10 °C /min to room temperature, the pellets
being deposited in a desiccator until further use. For the simulated body fluid investigation and for cell culture tests
the same types of pellets were used.

Characterization of forsterite ceramics
Density, porosity and linear shrinkage
The compactness characteristics of sintered samples were evaluated according to Archimedes’ principle [29-33] by
weighing each sample in both air and water in a specific equipment (Precisa hydrostatic balance) using the immersion
test. This test was carried out on each forsterite ceramic to determine the relative and apparent (bulk) density as well
as total and apparent porosity. For this purpose, three input data are needed, namely the mass of dried sample in air,
mo, the mass of sample immersed in water, m;, and the mass of sample saturated with water (i.e. sample with free
bubbles on its surface), but determined in air, m, [31-32]. To increase the accuracy of the immersion mass and of
saturated mass, it is recommended that each sample should be kept in boiling water for at least 2 h, before the
immersion test. The reason is related to the fact that boiling water can better penetrate both the pores and the structural
holes within the sample [31].
The apparent (bulk) density (Da, g/cm?) and apparent porosity (Pa, %) of sintered samples were calculated by the
following equations (1) and (2):
Da = mo d/ (mz-my) @
Pa = [(m2-mg/ (m2-my) ] x 100 (%) )

where d is water density.
The relative density (D, %) was determined by comparing the theoretical density of forsterite (D = 3.221 g/cmd)
and its bulk (apparent) density, Da, [30].
The relative density (D, %) and total porosity (P, %) of sintered samples were calculated by the following
equations (3) and (4), respectively:
D = (Da/Dw)x100 = (Da/3.221) x 100 ®3)
P = [Dtn—mod /(m2-m1)] X 100/ D 4

Rev. Chim. ¢ 71 ¢ no. 2¢ 2020 ¢ https://revistadechimie.ro 344 https://doi.org/10.37358/RC.20.2.7935


https://revistadechimie.ro/

The linear shrinkage, LS, of the sintered sample was determined by measuring the change in length (or in diameter)
of each sample, using a digital calliper, before sintering (Lo) and after sintering ( L) at a particular temperature, and
calculated (%) by the following equation:

LS=[( Lo~ L)/ Lo] x 100 (%) 5)

The results (relative density, total porosity and linear shrinkage, all in %) are obtained as mean values with
corresponding SD values. Each experiment was repeated at least three times for each forsterite ceramic.

X-Ray Diffraction (XRD)

The crystalline compounds of forsterite ceramics before and after immersion in SBF were determined using a
Bruker D8 Advance diffractometer, with Co Kai = 1.79026 A, operated at 35 kV and 40 mA. The pattern was
collected for a 29 range of 5 to 65°, with a step size of 0.02 °/ sec.

A unique forsterite crystalline phase was detected at all sintering temperatures, 1200, 1300, 1400, and 1450°C.
However, a minor content of MgO was also detected at 1200 °C showing that this sintering temperature is good
enough to eliminate a secondary phase. This finding signifies that the formation of forsterite structure was almost
complete even for FC-1200.

Morphology and particle size

Scanning electron microscopy (SEM) images were obtained on a Hitachi TM-1000 low-vacuum benchtop
microscope with 15 kV accelerating voltage on uncoated samples (working distance 14-16 mm) while the energy
dispersive X-ray spectroscopy (noted EDS or EDX) was carried out using a Si-drift detector with an ultra-thin Be
window.

Atomic force microscopy (AFM) imaging was performed on a Jeol JSPM 4210 scanning probe microscope,
operated in tapping mode, using specific cantilevers produced by Micromasch Co., having a spring constant of 40 N/m
and a resonant frequency of 325 kHz. Different macroscopic areas were investigated at different scanning areas
ranging from 10 pm x 10 pm to 1 pm x 1 pm and surface roughness was evaluated.

FTIR spectra
The formation of crystalline hydroxyapatite was evidenced by the presence of PO* and OH- ions identified on the

forsterite ceramics, by using a FTIR Jasko 6100 instrument in the spectral range of 4000-400 cm™ with a resolution of
4cm?,

In vitro bioactivity

To demonstrate the formation of hydroxyapatite on the surface of forsterite ceramics, the pellets were immersed in
SBF for 1, 2 and 3 months at a solid / liquid ratio = 1.5 mg /1 mL, without changing the SBF. The temperature of
samples immersed in SBF was kept constant, at 37 °C, throughout the entire experiment. After the selected time, the
FC was taken out from SBF and washed with distilled water to remove the SBF, and then dried at 100°C. The SBF
was prepared according to the procedure described by Kokubo and Takadama [26].

Forsterite ceramic (FC) scaffolds

To improve bioactivity, the FC ceramics (scaffolds) were degreased by ultra-sonication, and cleaned in ethanol
solution before sterilization. The FC pellets were sterilized using a Getinge K5+ machine. The sterilization steps
included initial vacuum, sterilization with ethylene oxide, final vacuum, and desorption of ethylene oxide. The
sterilization parameters were temperature 37°C, at low vacuum, for 180 min sterilization time. After, the ceramics
were placed on the well bottoms of a 24-well plate.

Then, about 50000 cells per well were seeded by counting them with a hemocytometer. The changing of the
medium was performed every 2 days using the same standard culture medium. Cell cultivation on forsterite ceramic,
FC-1200, took place at 3days (3d), 7d up to 14d, incubated at 37 °C, under a humidified atmosphere of 5% CO..

Fibroblasts culture

Human fibroblast from lung, HFL cells (ATCC number: CCL-153, normal lung fibroblasts derived from a
Caucasian fetus) were used for testing the scaffolds™ biocompatibility. Cells were detached from culture plates with
trypsin 0.025 EDTA for 5 min. Trypsin was inactivated with medium containing 10 % fetal bovine serum and cell
suspension was centrifuged 5 min at 1000 rpm. The cells were between the fourth and sixth passages. Cells viability
was checked with 0.4 % trypan blue, and cells were counted with a hemocytometer. These cells were cultured at 37 °C
and 5 % CO, in a humidified incubator.
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The in vitro evaluation of biocompatibility of forsterite ceramics (FC) as scaffolds was achieved by introducing the
FC pellets into the HFL cells, cultured in Dulbecco's Modified Eagle's Medium (Invitrogen), DMEM supplemented
with Nutrient Mixture F-12 HAM medium with 10 % fetal calf serum (FCS) and proper amount of penicillin and
streptomycin.

Cell Viability
Forsterite ceramic, FC-1200, was subjected to cells viability test to determine its biocompatibility in vitro [5, 34-

39]. The MTT assay is preferred over the other methods of measuring cells viability as it is a sensitive and reliable
indicator of the cellular metabolic activity [35, 37, 38].

The colorimetric MTT assay is a sensitive and reliable indicator of cell viability in terms of enzymatic conversion
of the soluble tetrazolium MTT yellow dye to water insoluble purple formazan crystals by dehydrogenases occurring
primarily in the mitochondria of living cells.The MTT compound is 3-(4,5 dimethylthiazol-2-yl)-2,5 diphenyl-
tetrazolium bromide, which is positively charged and easily penetrates viable cells. The enzymatic reduction of MTT
dye to MTT-formazan is catalysed mainly by mitochondrial oxidoreductase. The insoluble formazan purple crystals
are then solubilized from treated viable cells by dimethyl sulfoxide, DMSQO. Then, the resulted dispersions were
analyzed spectrophotometrically at about 570 nm giving an estimate of the extent of biocompatibility.

For MTT assay, 5x10* cells/well were suspended in 1ImL complete medium and seeded on the surface of sterilized
scaffolds placed in 24-well plates; each type of scaffold was in triplicate. Scaffolds without cells were used as
controls. It was determined that no corrections were necessary due to the adsorption of MTT compound or of
formazan compound on forsterite ceramic, FC-1200 scaffolds.

The plates were incubated at 37°C, 5%CO,, 95 % humidity for different points of time. Determination of cells
viability/proliferation by MTT assay was performed after 3, 7 and 14 days. Scaffolds were transferred into other 24-
well plates and exposed for 1 h at 37°C in dark to 1mL /well of 5 mg MTT/mL solution (Thyazolyl Blue tetrazolium
Bromide, MTT, from Sigma Aldrich) solubilized in Hanks solution without phenol red.

MTT is a tetrazolium salt which is converted under the action of mitochondrial reductases present in viable cells
into a formazan compound (purple/dark blue) that is insoluble in aqueous solutions and soluble in DMSO. MTT test is
used mainly as a viability test, but indirectly is also an indicator of cell growth and proliferation.

To perform the MTT test, fibroblasts were cultured on the FC-1200 scaffolds for 3d, 7d and 14d and their viability
and proliferation rates were determined by OD measurements according to the manufacturer’s instructions (Sigma-
Aldrich). At a particular chosen time, the medium was picked up from the wells; and 1 ml of MTT solution was added
to each well, then warmed to 37°C for 1 h, following MTT cell uptake. Then, after the removal of the supernatant, 1.5
mL of DMSO (Merck) was added to each well to dissolve the entire amount of purple formazan crystals. For
measuring the optical density, the aliquots of 100 uL of supernatant were transferred into a 96-well plate and the
optical density was measured with a SUNRISE - Tecan microplate reader at a wavelength of 570 nm, which is
characteristic for formazan product with an absorbance maximum near 570 nm.

The results are given as OD units. The OD measured at 570 nm monitors the formazan product and is directly
proportional to the number of viable cells in vitro. Three specimens for FC-1200 were tested for each incubation time,
3days (3d), 7d and 14d (the end of the culture period) and each test was performed at least for three times. Results
were reported as OD units, and mean value was calculated (n=9) and given jointly with its standard deviation (SD).
The obtained optical density values were subjected to GraphPad Prism 5 statistical analysis using repeated measures
ANOVA and Bonferroni's Multiple Comparison Test, p value was set at 0.05.

The results revealed an increase of OD values within the time frame between 3 and 7 days, with statistical
significance (***p< 0.001). The growth of the cells slowed after 7 days, with similar values at 14 days. The results
from MTT assay were validated by fluorescein diacetate (FDA) staining, which showed the increase in the number of
cells at the same time intervals.

Statistical analysis

GraphPad Prism 5 was used for statistical analysis. All data are defined as the mean value + standard deviation
(SD) of at least three independent experiments. Significant differences were identified using the one-way ANOVA
and Tukey's multiple comparison test. For MTT assay, significant differences were identified by one-way ANOVA
and Bonferroni's multiple comparison test. Differences among samples were considered statistically significant if
p<0.001, or otherwise stated.

Results and discussions
Forsterite ceramics characterization
The forsterite ceramics shrinkage
During thermal treatment, the forsterite ceramics (FCs) underwent some dimension changes depending on their
structural characteristics, like porosity, density, and the sintering temperature, 1200, 1300, 1400 and 1450 °C used in
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the fabrication process for the obtained FCs, called FC-1200, FC-1300, FC-1400, and FC-1450. The linear shrinkage
(%) of FC samples sintered at different temperatures is shown in Figure 1.
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As indicated in Fig. 1, the statistical analysis showed a significant difference between linear shrinkage (LS) for FC-
1200 vs FC-1300, and FC-1400, and FC-1450 (red stars), as well as for FC-1300 vs FC-1400, and FC-1450 (blue
stars), for p<0.001; while LS for FC-1400 vs LS for FC-1450 were not statistically different, p>0.001. The following
order FC-1200< FC-1300<FC-1400, was found for p<0.001. So, the highest LS value (%) of 16.73 £+ 0.13 was found
for FC-1400. These data, shown in Fig. 1, revealed that FC-1400 is apparently the best regarding the compactness of
particles in the fosterite ceramics potentially of interest for bone repair defects.

Compactness characteristics of forsterite ceramics

The compactness characteristics of forsterite ceramics, relative density, total porosity and linear shrinkage are
mainly dependent on the thermal treatment. In the following, it is important to emphasize that the linear shrinkage for
forsterite ceramic, FC-1450, sintered at 1450°C is not statistically significantly different from the corresponding value
for FC-1400. Therefore, the linear shrinkage up to only 1400°C, together with the relative density and total porosity
are given in Figure 2.
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As shown in Figure 2, the linear shrinkage (%) values show a nearly linear increase, with significant differences
among all FCs in the temperature interval from 1200 to 1400 °C, from 12.46+0.16% to 16.73+0.13% . There is a non-
linear dependence for relative density vs sintering temperatures. The relative density increased from 59.1+0.8% to
68.2+0.6%, with significant difference between FC-1200 vs FC-1300 and FC-1400, for p<0.05, but without significant
difference between FC-1300 vs FC-1400, p>0.05. The total porosity values displayed also non-linear dependence vs
sintering temperatures. The total porosity decreased from 40.83+0.11% to 31.77+0.08% with significant differences
among all FCs.

It is important to point out that the FC-1200 was selected for in vitro biocompatibility and SBF bioactivity
evaluation of its scaffolds. The logic behind this is that the FC-1200 has proper characteristics given in Fig. 2, which
are comparable with previous data obtained on similar forsterite ceramics, fired at higher temperatures between 1350
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and 1550 °C, and used in cell culture [4]. Therefore, the FC-1200 is a good material to conduct further
biocompatibility and bioactivity tests on.

Bioactivity evaluation of forsterite ceramics as scaffolds
X-ray diffraction (XRD) investigation

The XRD pattern for forsterite ceramic with the highest porosity, prepared at 1200°C, before and after immersion
in the SBF for 1, 2 and 3 months, are shown in Figure 3.
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As evidenced by previously studied nano forsterite powders [14], hydroxyapatite is crystallized on the particle
surface after immersion in SBF. The hydroxyapatite formation on porous ceramic samples is revealed by XRD after
the first month of immersion. After, 2 or 3 months, the hydroxyapatite peaks are well-evidenced.

Fourier-transform infrared (FTIR) spectroscopy

Figure 4 shows FTIR spectra of forsterite ceramic, FC-1200, sintered at 1200 °C after immersion in the SBF. The
specific vibration bands of Si - O in [SiO4], Mg - O in [MgOe] for forsterite are well evidenced alongside the P - O
bonds from [PQO,] groups of hydroxyapatite.
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The intense absorption band of hydroxyapatite is evidenced at about 1044 cm™. The P - O asymmetric distortion
band is cleaved in two peaks, at around 566 and 603 cm™*. The large band at 3600-3300 cm™ is attributed to the O - H
vibrations in adsorbed water molecules. The COs?> asymmetric stretching vibration band, present at 1400 cm?, is
attributed to the presence of carbonate ions in SBF and their interaction with newly formed HAP crystals. The
absorption bands specific to hydroxyapatite (POs, CO; and OH groups) are well identified after 3 months of
immersion in SBF.

Scanning electron microscopy (SEM) with energy dispersive spectroscopy (EDS)
The SEM image for surface morphology and the EDS spectrum obtained on forsterite ceramic, FC-1200 fired at
1200°C, immersed in SBF for 3 months are shown in Figure 5.
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Fig. 5. SEM image (a) and
EDS spectrum (b) for
forsterite ceramic fired at
1200 °C, after 3 months of
immersion in SBF
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Similarly, SEM image and EDS spectrum are given in Fig. 6, for FC-1400 fired at 1400 °C, and immersed in SBF
for 3 months.
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In both SEM images, Fig. 5 and Fig. 6, newly formed crystals of hydroxyapatite are highlighted on the surface of
forsterite ceramics, FC-1200 and FC-1400, respectively. The EDS spectrum on the area containing hydroxyapatite
crystals shows the presence of calcium and phosphorus along with silicon and magnesium, belonging to FCs. Thus, it
is demonstrated that by maintaining FCs samples in SBF, hydroxyapatite crystals are initiated and grow on porous
forsterite ceramics. It can be concluded that hydroxyapatite crystallites are formed and grow on the surface of
forsterite ceramics.

In vitro biocompatibility

The FC-1200 scaffolds were investigated in human fibroblast from lung, HFL cells (ATCC number: CCL-153,
normal lung fibroblasts) to test the scaffolds™ biocompatibility. Thus, HFL culture was used to evaluate the biological
activity and the performance of forsterite ceramic, FC-1200, scaffolds using MTT assay. For this purpose, the pellets
of FC-1200 were immersed into the fibroblasts culture. The HFL cells were cultured in Dulbecco's Modified Eagle's
Medium/nutrient mixture F-12 HAM medium with 10 % fetal calf serum.

The MTT assay measures cell viability in terms of enzymatic conversion of the MTT tetrazolium compound to
water insoluble formazan crystals by the action of mitochondrial reductases present in viable cells [33-34]. The MTT,
3-(4,5-dimethylthiazol-2-yl) -2,5 diphenyl-2H-tetrazolium bromide, water soluble dye readily penetrates viable HFL
cells. MTT assay was carried out after cells culturing for 3, 7 and 14 days to investigate cell proliferation on FC-1200
scaffolds. Results are given as mean values in OD units taking into account the standard deviations, indicated as errors
bars in Figure 7.
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Figure 7 shows the results of the MTT assay for forsterite ceramic, fired at 1200 °C, FC-1200, scaffolds for
different time intervals in the HFL culture. Cell viability was evaluated with MTT test and revealed a gradual increase
in cell proliferation on FC-1200 scaffolds, with statistically significant differences between the 3d versus 7d and
between 3d versus 14d, in fibroblasts culture (p<0.001), but without statistically significant difference between the 7d
and 14d, in cells culture, p>0.001.

Therefore, cell density on the FC-1200 scaffolds increased with incubation time up to 7d without significant
increase between 7d and 14d post-seeding. The results indicate that the FC-1200 scaffolds can promote cell adhesion,
proliferation and growth and in consequence have excellent biocompatibility.

Remarkably, these results are in substantial agreement with published data [5] using approximately the same disc-
shape and size of similar forsterite biomaterial, especially at 7 days, when apparently the cell viability and
proliferation expressed as OD units are almost at the same high level, although the cell culture used is completely
different. Additionally, we tested this remark at 14 days in culture, and the cell proliferation is only slightly increased
compared to the level reached at 7 days, and without statistical significance. Therefore, the highest level for cell
viability and proliferation was reached at 7d on FC-1200 scaffolds in HFL culture, when the surface of scaffolds was
completely covered with adhered cells.

Also, it is important to note that the used medium for cell culture in this investigation is rather comparable with
that used previously [5], evidencing that the culture media is probably one of the most important factor in cell culture
technology. However, the OD mean value at 3 days is significantly higher in the present investigation that the value
reported previously, showing that in the early phase the importance of biomaterial scaffold can be crucial, particularly
when used in vivo.

The superior performance of FC-1200 scaffolds at 3d in HFL culture as illustrated by cell viability and
proliferation can be also related to the surface roughness and irregular surface topography [40-43]. of these scaffolds.
In this study, we noticed the surface roughness of FC-1200 scaffolds of 490+60 nm measured by AFM on scanned
area of 10 um x 10 um (unpublished results). Definitely, a rough surface can induce a better cell attachment than
those presenting smooth surfaces, such as almost smooth glass surface. Therefore, the surface topography and
roughness of forsterite ceramic, FC-1200, scaffolds might be an important factor to promote and support fibroblasts
adhesion, proliferation and growth.

Based on these results, the FC-1200 scaffolds have a superior in vitro biocompatibility and might be considered as
potential biomaterials for medical applications as bone substitutes.

Conclusions

Four novel porous forsterite ceramics were synthesized from nanostructured forsterite powders prepared by an
original sol - gel method, by using the sintering process at 1200, 1300, 1400 and 1450 °C. Hence, four forsterite
ceramics, FC-1200, FC-1300, FC-1400 and FC-1450 were sintered and characterized. The relative density, total
porosity and linear shrinkage were determined to describe the porous characteristic of these forsterite ceramics.
Relative density and linear shrinkage increased progressively with the increase in sintering temperature, while total
porosity decreased gradually. Further, the bioactivity of these forsterite ceramics was evaluated in SBF at various time
periods, 1, 2 and 3 months, by using XRD, FTIR and SEM-EDS, and the hydroxyapatite formation was determined on
the surface of FC scaffolds immersed in SBF. The biocompatibility of forsterite ceramics as scaffolds in HFL culture
was also studied by MTT assay. The novel FC-1200 provided a rather optimized porous scaffold in cell culture and
revealed a superior performance in HFL culture, promoting attachment and proliferation of cells on forsterite ceramic
surface.

These findings recommend the new porous forsterite ceramics, sintered between 1200 °C and 1450 °C, as a good
choice for bone implants owning a high ability to enhance cell adhesion and proliferation having also the chance to
diminish the time for implant osseointegration and to accelerate tissue repair. Certainly, this quality will be deeply
examined both in vitro and in vivo study, in the future for bone fracture healing and consolidation.
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