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Abstract
In vitro bioactivity, biodegradation, and biocompatibility behavior of a new bioactive glass systems were investigated with the
incorporation of selenium oxide, for the replacement of sodium oxide in the traditional 45S5 bioglass composition. The apatite-
forming ability of melt-derived bioactive glasses was evaluated by immersion studies in simulated body fluid while monitoring
the concentration of silicon, calcium, phosphorus, sodium, and selenium in the medium. The weight loss of bioactive glasses and
pH change in the tris-(hydroxymethyl)-amino methane buffer solution was determined to observe the biodegradation behavior of
glass samples. The glasses were characterized by a Fourier transform infrared spectroscopy, scanning electron microscopy,
inductively coupled plasma, and Vickers hardness measurements. The biocompatibility evaluation of the glasses was determined
through in vitro osteogenesis assays by cell viability, alkaline phosphatase activity, and mineralized matrix formation. The
incorporation of selenium enhanced the hydroxyapatite formation on the bioactive glass surface and microhardness of glasses.
The hardness of glasses was found to decrease with immersion duration. The results indicate that selenium incorporated bioactive
glasses can be used as bioactive material in bone tissue engineering applications.
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Introduction

Various kinds of biomaterials have been developed for
bone tissue replacement. They need to be stable for long
period of time and firmly fixed to the bone [1, 2]. Most
biomaterials indicate inert response when implanted in the
body; however, bioactive glasses give positive responses
by converting to hydroxyapatite which is natural bone
substance. Thanks to that, bioactive glasses have been
used by the superiority of their capability to bond with

tissues and to support bone formation [3]. Hench et al.
proved that bioactive glass (45% SiO2, 24.5% CaO,
24.5% Na2O, and 6% P2O5) was able to bond to living
bone due to the formation of a hydroxyapatite layer on its
surface [4]. This layer assists the adhesion of tissues and
allows an intimate bonding between bone and implants
[5].

The successful interaction of bioactive glass with living
tissues is the main goal of biomaterial developments
[Hench 2010]. The chemical composition of bioactive
glass has a significant effect on binding and the ability of
bone-cell proliferation. In general, conventional bioactive
glass is composed of silica, calcium, phosphate, and sodi-
um [6, 7]. In the last few years, there has been an increas-
ing interest in the incorporation of various elements as
aluminum [8], boron [9], copper [10], magnesium [11],
and strontium [12] in the glass network for the synthesis
of bioactive glasses with enhanced properties. In this way,
bioactive glasses with multifunctional features can be ob-
tained for bone tissue regeneration practices [13]. Among
these elements, selenium (Se) is a trace element which
naturally found in animal and human tissues. Selenium
has been reported to exhibit beneficial biological effects
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as antibacterial [14], antiapoptotic [15], anticancer [16], as
well as antioxidant [17] activities. Moreover, studies have
shown that selenium-incorporated hydroxyapatite [14, 18],
nano-selenium-coated titanium [16], and nanostructured
selenium compacts [19] can be used as potential biomate-
rials for bone repair applications.

Despite the studies, there is a lack of information avail-
able in the world literature on the production of selenium
incorporated melt-derived bioactive glass. Therefore, the
aim of the present study is the preparation and characteri-
zation of selenium-incorporated bioactive glasses. Various
bioglasses were prepared by replacing selenium (0.75, 1.5,
3, 6 wt.%) with sodium in the 45S5 bioglass system. The
hardness and morphology of bioactive glasses were char-
acterized using Vickers hardness measurements and SEM
analysis, respectively. In addition, in vitro assays were per-
formed to examine biological activities in simulated body
fluid (SBF) at different durations (7–28 days), biodegrada-
tion behavior in the TRIS solution, and also cell viability,
alkaline phosphatase (ALP) activity, and mineralized ma-
trix formation.

Materials and methods

Materials

SiO2 (Riedel-de Haen), CaCO3, Na2HPO4·2H2O, NaHCO3

(Merck), and SeO2 (Sigma Aldrich) as starting materials for
preparation of bioactive glass and reagent-grade chemicals
NaCl, NaHCO3, KCl, Na2HPO4·2H2O, MgCl2·6H2O,
CaCl2·2H2O, Na2SO4 trishydroxymethyl aminomethane
[Tris-buffer, (CH2OH)3CNH2], and HCl as required materials
for preparation of SBF, were purchased from Merck.

Preparation of glasses

The bioactive glasses with the compositions that are given in
Table 1 were synthesized through melting process [20, 21].
The CaCO3, Na2HPO4·2H2O, NaHCO3, SeO2, and SiO2 were

grinded twice in a mortar to provide homogeneity. For each
type of bioactive glass batch, the mixture was put into a plat-
inum pot and heated at 1400 °C for an hour. After an hour, the
solution was rapidly poured into distilled water to prevent
crystallization and filtrated. The bioactive glasses were dried
in the oven at 150 °C. The grinding step was repeated to
provide homogeneity. The grinded bioactive glass was put
into the platinum pot and was heated at 1450 °C for 2 h.
The solution was poured into a metal vessel and annealed at
550 °C. After 2 h, the furnace was turned off and has been
waited until the bioactive glasses cooled down.

The hydroxyl carbonate apatite (HCA) formation on the
bioactive glass surfaces was investigated after immersion in
SBF (pH = 7.4, 37 °C) for 7, 14, 21, and 28 days. The SBF
was prepared with an ion concentration of Na+ 142.0, K+ 5.0,
Ca2+ 2.5, Mg2+ 1.5, Cl− 125.0, HPO4

2− 1.0, HCO3
− 27.0,

SO4
2− 0.5 mmol/L in the distilled water [11, 21]. The SBF

was refreshed for every week during the experimental study.

Characterization of bioactive glasses

The morphology of the bioactive glass samples was assessed
using a SEM instrument (JEOL JSM 5410 LV, Japan). The
micrographs were obtained using the parameters as EHT =
1.00 kV, WD= 10.0–15.0 mm, and Signal A = SE1.

The concentration changes of silicon, calcium, phosphorus,
sodium, and selenium ions in SBF were analyzed using an
ICP system (Perkin Elmer Optical Emission Spectrometer
Optima 2100 DV, USA).

The functional groups of samples before and after exposure
to the SBF were determined by using a Fourier transform
infrared spectrometer (Perkin Elmer Spectrum One), in the
range of 650–4000 cm−1.

The hardness of the bioactive glass samples were
achieved by use of Vickers hardness equipment
(Microbul–1000D). The indentations were made within
10 s from the loading 500 gf. The measurements were
carried out in triplicate and the results were given as mean
± standard deviation.

In vitro degradation studies

The in vitro biodegradation of the bioactive glass samples was
a s s e s s e d b y t h e i r d i s s o l u t i o n b e h a v i o r i n
tris-(hydroxymethyl)-aminomethane buffer solution at 37 °C
during a week for each day. The tris-(hydroxymethyl)-
aminomethane was mixed with distilled water, and the pH of
the solution was adjusted to eight with 1 M HCl solution to
prepare TRIS buffer solution. TRIS buffer does not contain
free ions, thereby provides an environment for maximum dis-
solution of the bioactive glass. The measurements of pH var-
iations of the buffer solution and weight changes of the sam-
ples were executed.

Table 1 Chemical compositions of selenium incorporated melt-derived
bioactive glasses

Notations Chemical Composition of Components (wt.%)

SiO2 Na2O CaO P2O5 SeO2

B0 45 24.5 24.5 6 –

B1 45 23.75 24.5 6 0.75

B2 45 23 24.5 6 1.5

B3 45 21.5 24.5 6 3

B4 45 18.5 24.5 6 6
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In vitro cell studies and alkaline phosphatase activity

Preparation of bioactive glass conditioned medium

Bioglass conditioned medium was prepared as previously de-
scribed [22]. Briefly, the powdered bioglass (0.1 g) was incu-
bated in 5 mL of serum-free Dulbecco’s Modified Eagle
Medium/Nutrient Mixture F-12 (DMEM-F12) at 37 °C for
24 h to obtain a bioactive glass conditioned medium with a
concentration of 20 mg/mL (powder/DMEM- F12). At the
end of 24 h, the mixture was centrifuged. The supernatant
was collected, and filtered through a 0.20-μm filter
(Sartorius, UK). The elemental concentration of ions of final
solutions was analyzed using the ICP-OES.

Cell culture

Prior to experiments, the SAOS-2 osteoblast-like cells were
cultured in DMEM-F12with 10% fetal bovine serum (FBS) at
37 °C and 5% CO2. Subsequent media exchanges were made
every 2 days.

Cell viability and cytotoxicity studies

Cell viability was measured calorimetrically by the MTT assay
in accordance with the manufacturer’s protocol (Sigma USA).
Cells were placed onto 96-well plates at the density of 103 cells/
well and incubated for 24 h. At the end of incubation, bioactive
glasses were added at different concentrations. MTT solution
(5 mg/mL, 20μL) was added to eachwell after 24 h and 7 days.
DMSO (100 μL) was added after additional incubation for 4 h.
The absorbance values were measured using a microplate read-
er (Biotek synergy, USA) at 495 nm.

Osteoblast differentiation and mineralization assays

SAOS-2 cells were cultured in osteo-inductive conditioned
medium for 7 and 14 days to examine osteoblast differentia-
tion and mineralization assays. Osteoblast differentiation and
mineralization were induced by the osteo-inductive condi-
tioned medium. The medium was composed of 10% FBS
DMEM containing 50 μg/mL L-ascorbic acid and 10 mM
β-glycerophosphate. Cells treated with 10% FBS DMEM
normal medium served as control groups.

Alkaline phosphatase activity assays

The substrate, p-nitrophenyl phosphate, was used to determine
alkaline phosphatase (ALP) activity. The 6-well plates were
seeded with a suspension containing 2 × 105 SAOS-2 cells/
well and allowed at each designated time (7–21 days). The
obtained cells were sonicated for 10 min for complete lysis of
cells. After centrifugation for 10 min, the supernatants were

collected to be used as samples for the ALP activity assay. The
protein concentrations were determined using the
bicinchoninic protein assay reagent. The relative activity of
the sample is reported as the ratio of activity and the corre-
sponding protein concentration (U/mg).

Matrix mineralization assay

Arsenoza-III staining was used to determine calcified nodule
formation. The mineralization assay was performed as previ-
ously described [22]. The optical densities monitored by fol-
lowing absorption at 600 nm. The protein from Pierce,
Rockford, IL, bicinchoninic acid which was used for the col-
orimetric detection of the cuprous cation was used to evaluate
the total protein content. The calcium content of the cell layer
has been normalized to protein content. Additionally, cell cul-
tures were stained with Alizarin red to determine the forma-
tion of calcium crystals in the mineralization analysis. The
cells were monitored using inverted microscopy (Olympus
CKX41).

Results and discussion

Scanning electron microscopy analysis

According to Kokubo et al. [23], it is feasible to investigate the
possible precipitation of hydroxyapatite on the surface of a
biomaterial by immersion in SBF to estimate its in vivo bio-
logical activity. Therefore, the selenium-doped bioglasses
were immersed in SBF as preliminary screening of bioactivity.

Micrographs of all bioactive glass samples before and after
immersion in SBF solution up to 28 days were investigated to
determine the microstructural evaluation of samples. Figure 1
shows the micrographs of bioactive glass samples. The sur-
faces of bioactive glass samples were smooth and glassy be-
fore immersion in SBF solution (figure not given). According
to the SEMmicrographs, after immersion in SBF, an alteration
in surface morphology was observed when compared with the
initial surface of the bioglasses. After 7 days, the surfaces of
all the bioactive glass samples were covered by apatitic crys-
tals (Fig. 1). The circular hydroxyapatite structure formation
was more in the surface cover of B2 and B3 samples as against
surfaces of other bioactive glass samples. The morphology
with circular particles indicates the presence of characteristic
apatite crystals [24–26]. In general, precipitation of apatitic
crystals initiates with the generation of sole granules and then
dense layer forms on the surface of bioglass by the progressive
grow of granules [27]. After 28 days, the surface covering
layer of B0, B3, and B4 samples was fractured showing the
formation of an amorphous calcium phosphate layer [28]. Gu
et al. also observed the same phenomenon and explained that
diffusion and reaction between the SBF and the glass surface
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Fig. 1 SEM micrographs of selenium-incorporated glass samples after immersion in SBF up to 28 days a B0, b B1, c B2, d B3, e B4 (× 2000)
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resulted in crack formation [29]. Therewithal, the formation of
cracks which is also the evidence of biodegradation can be
explained by the rapid release of ions from bioglass after im-
mersion in SBF solution. The formation of HCA layer in-
creased steadily with the increment in immersion time from
7 to 28 days. These features demonstrated that the selenium-
incorporated bioglass samples (B1–B4) had the potential of
bone-like apatite layer formation on their surfaces promoting
the ability of bone bonding with living tissues.

ICP analysis

Since 1987, simulated body fluid has been used to determine
the in vitro bioactivity of biomaterials [30, 31]. In this study,

the bioactivities of glasses were also evaluated in SBF and
compared with the control sample. Figure 2a–e represents
the change of ion concentrations (Si4+, Ca2+, Na+, P5+, and
Se4+) between glasses and SBF as a function of immersion
time. The change of ion concentrations revealed that all of the
bioglasses were bioactive.

The decrease of Ca2+ concentration in SBF supported the
calcium phosphate layer formation which was explained by
Yan et al. [32]. The calcium ion concentration is checked by
the release of Ca2+ from the bioactive glass and the
hydroxycarbonate apatite (HCA) or phosphate formation.
P5+ together with Ca2+ involves in the structure of calcium
phosphate which results in the formation of hydroxycarbonate
apatite. The HCA layer occurs after the calcium phosphate

Fig. 2 The change of ion concentrations between glasses and SBF at 7–28 days, aCa ion changes, b P ion changes, c Si ion changes, dNa ion changes, e
Se ion changes

J Aust Ceram Soc (2020) 56:697–709 701



layer formation on bioactive glass surface due to the adsorp-
tion of increased Ca2+and PO4

3− ions in SBF solution.
The Ca2+ ion release from all bioglass samples progressive-

ly decreased week by week. Combined with the decrease of
the P5+ concentration in SBF, it was indicating the formation
of calcium phosphate layer. It should be noted that the de-
crease of phosphate ions in SBF was highest at 14th day for
B0 when it was highest at 7th day for B1 and B3 samples.
However, the P5+ concentration in SBF increased for all sam-
ples except B2 at 28th day. The decrease of phosphate ions in
SBF was continuous for B2 sample. As a result, it can be
suggested that besides the selenium-incorporated samples,
the 1.5 wt.% selenium incorporation (B2 sample) enhanced
the HCA formation and thus bioactivity of bioactive glass.
The final Ca2+ and P5+ concentration in SBF was higher for
B1–B4 samples when compared to B0 sample. This was the
evidence that the HCA layer formation of selenium incorpo-
rated samples (B1–B4) was continued over 28 days and it
means those glasses need more time to fully cover with
HCA layer by multiple times compared to B0 sample.

Analysis of silicon ion concentration clearly showed that
Si4+ ion concentration in all of the SBFs increased every after
immersion period. The Si4+ ion concentration in SBF at 14th
day was higher than the other times for most of the glasses
(B0, B2–B4). In addition, the Si4+ ion release decreased with
an increase in the ratio of selenium addition and time. The
reduction of Si4+ ion release during time might be due to the
deceleration of dissolution process through the precipitation of
the phosphates or silicates [24]. The Si4+ release was higher
for B1 sample than B2–B4 samples.

Se2− ion release of all samples was very similar. Only the
concentrations of Se2− ions in B1 immersed SBF sample were
a little higher (~ 0.1 ppm) than the others after 14 days.

Sodium ion release is also an indicator of glass dissolution.
It can be seen that there was sodium ion release from all of the
bioactive glasses. However, it was less for selenium-
incorporated bioactive glasses (B1–B4) than B0 sample.
These results are in a harmony with weight loss analysis in
SBF (Fig. 4). It can be seen that weight loss of B0 sample was
higher than B1–B4 samples. It can be concluded from ion
release analysis that selenium addition to the glass network
slightly decreased the dissolution behavior of glass.

FT-IR analysis

FT-IR analysis was used to monitor the changes of specific
chemical groups in the bioactive glass samples before and
after immersion in SBF solution. The FT-IR spectrums of
bioactive glass sample are shown in Fig. 3. In Fig. 3, the peak
at 779 cm−1 was due to the Si–O–Si stretching vibrations. The
peak observed at 1022 cm−1 was a phosphate group (PO4

3−)
(Fig. 3a). The peaks at 1650 cm−1 and 3000–3700 cm−1 were

related to the H–OH bending vibrations of the water mole-
cules [33].

In Fig. 3b, the bands between 950 and 1050 cm−1 were due
to the P–O bending vibrations in hydroxyapatite crystalline
lattice. The absorption bands at 1411 cm−1 and 1458 cm−1

were assigned to carbonate group (CO3
2−) that were evidence

of HCA layer formation on the surface of samples [34]. The
peaks at 1640 cm−1 and between 3000 and 3600 cm−1 were
related to the H–OH bending vibrations of the water
molecules.

The peak intensity changes occurred with development of
HCA layer which lead to the weakening of the peak attributed
to Si–O–Si vibration of bioglass [35]. The peak intensity
changes of B2 sample were clearly more than the other sam-
ples. Herewith, the FT-IR results indicated that the B2 sample
had the highest bioactivity which was also supported by ICP
and Vickers hardness analyzes results.

Weight variation of the bioactive glasses

The variation of weight is related to the formation of HCA
layer on bioactive glass (weight gain) and dissolution of the
glass (weight loss) [36]. Therefore, the amount of HCA layer
formation could be predicted by comparing the difference of
weight loss after immersion in SBF and TRIS solution.
Figure 4 presents the weight loss (%) of the glasses after im-
mersion in SBF and TRIS solution. The dissolution behaviors
of glasses were differed related to the solution type. The dis-
solutions of selenium-incorporated samples (B1–B4) in SBF
were a little less than the selenium-free sample (B0).
However, according to immersion in TRIS solution results
(Fig. 4), the weight change of B2 sample was clearly greatest
and followed by B1 sample which showed the higher ion
release from these samples. The selenium incorporation in-
creased the weight loss till 3 wt.% Se addition. The dissolution
behavior of B4 (6 wt.%) sample was very similar to the B0
sample.

pH variation of the Tris solution

The pH variation of TRIS solution also gives information
about the bioactivity behavior of bioglass. Figure 5 presents
the pH variation of TRIS solution after immersion of the
bioglass samples against time. As previously shown in the
literature, the pH of TRIS solution increased by immersion
of bioglasses related to the release of ions from glass surface
[36, 37]. The released Ca2+ and Na+ ions from the bioglasses
replaced with H+ and H3O

+ ions from the medium [38].
Additionally, pH increases because of high alkalinity of Na+

ion [39]. As pronounced, the higher increment of pH pointed
out higher reactivity of bioglass [36].

Obviously, with the increase of immersion time, the pH of
TRIS solution increased. As can be seen from Fig. 5, the ion
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Fig. 3 FTIR spectra of samples a before SBF incubation and b after SBF incubation
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Fig. 4 The weight loss (%) of the
bioglasses after immersion in
SBF and TRIS

Fig. 5 The pH variation of the
TRIS solution after immersion of
the bioglasses within 1–7 days

Fig. 6 The variation of
microhardness values of the
bioactive glass samples after
immersion in SBF

J Aust Ceram Soc (2020) 56:697–709704



release was faster at first 24–48 h and continued slowly.
Similar results were found by Posti et al. [40], Siqueira et al.
[41], and Essien et al. [42]. The order of the pH increase of
TRIS solution from the highest to the lowest was B1 = B2, B0,
B3, B4 bioactive glass sample, respectively. It is remarkable
that the incorporation of 0.75 and 1.5 wt.% selenium had a
positive effect on the bioactivity of bioglasses; however, the

addition of selenium more than 1.5 wt.% had not any positive
effect. The pH variation results were in agreement with the
weight variation results. Moreover, the final pH values (8.4)
are well-nigh to the reference [41]. Siqueira et al. [41] ob-
served that the final pH values around 8.2 after 6 days of
exposure of SiO2–CaO–Na2O–P2O5 bioactive powders to
SBF solution.

Table 2 Data of the Vickers
hardness (HV) for bioactive glass
samples before and after immer-
sion in SBF

Sample HV (kg/mm2) before SBF HV (kg/mm2) after immersion in SBF

7 days 14 days 21 days 28 days

B0 378 (46.4) 319 (63.7) 198 (45.6) 136 (92.6) 151(75.5)

B1 504 (74.0) 401 (33.0) 386 (52.9) 268 (51.0) 132 (10.3)

B2 545 (64.0) 392 (67.8) 216 (52.7) 162 (41.1) 138 (7.4)

B3 495 (56.6) 222 (51.2) 215 (55.1) 182 (45.3) 116 (48.9)

B4 519 (57.2) 198 (12.2) 184 (36.8) 162 (46.1) 170 (21.9)

The results were given as mean ± standard deviation

Fig. 7 The MTT assay results for
in vitro biocompatibility of
bioglass samples
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Vickers hardness analysis of bioactive glass samples

The variations of hardness were measured to observe the
change of the hardness of samples after immersion in SBF
for different time periods. Figure 6 and Table 2 illustrate the
fall in microhardness values of the samples.

It was determined that selenium incorporation in-
creased the Vickers hardness of bioactive glasses due
to the exchange of a lighter cation (Na2O) by a denser
one (SeO2). This indicates that the bioglasses might
show better long-term stability in the biological environ-
ment [29]. However, there was no correlation between

Fig. 8 Histograms of a alkaline phosphatase activity of SAOS-2 cells in the presence of bioglasses, b variation of calcium formation, and cmicroscopy
results of calcium formation
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the value of increase in added selenium ratio and the
value of increase in Vickers hardness according to the
ANOVA results. The microhardness value varies from
378 to 545 HV. The standard deviation of the measure-
ments varies from 7.4 to 92.6. Particularly, B2 sample
(1.5 wt.% SeO2) had the best microhardness (545 (64.0)
kg/mm2).

Cannillo et al. [43] reported that 45S5 (45 wt.% SiO2,
6 wt.% P2O5, 24.5 wt.% Na2O, 24.5 wt.% CaO) bioglass
had a 474.1 (46.4) microhardness value. Yücel et al. [22]
recorded a Vickers microhardness of 445 HV for strontium-
doped 45S5 bioglass (45 wt.% SiO2, 24.5 wt.% Na2O,
14 wt.% CaO, 6 wt.% P2O5, and 10.5 wt.% SrO). The micro-
hardness values of selenium-incorporated bioglasses obtained
in this study were relatively higher than the values reported for
45S5 bioglasses.

The measurements of Vickers hardness demonstrated
that the values of hardness decrease as immersion time
increases. It is related with the degradation of Ca2+ and
Na+ ions from bioglass that interacts with (PO4)

3− ions
in SBF and leads to the precipitation of HCA on the
surface of the glass samples. At the same time, the
value of the Vickers hardness gives information about
the bioactivity of glasses. Because the HCA layer for-
mation on the surface of glass depends on the bioactiv-
ity of glass. The Vickers hardness of samples decreases
gradually due to the increase of HCA layer. The de-
crease of hardness was faster at the initial days due to
higher dissolution rates. In the following weeks, it de-
celerated because of the gradual reduction in dissolution
rate and the permanent precipitation.

After 28 days of immersion in SBF, B2 bioactive glass
showed the highest reduction between samples. Thus, it was
observed that the B2 sample showed the highest bioactivity.

Cell study results

Cell viability results

MTTassay was used to determine the cell viability percentage
of the bioglass samples at different concentrations. The results
are given in histogram (Fig. 7). There were significant differ-
ences in cell viability between the samples. After 24 h of
incubation, an increase in cell viability was observed in the
all samples. After 7 days of incubation, the B2 sample showed
better biocompatibility when compared to B1, B3, and B4. In
addition, the cell viability percentages of B0 and B2 sample
were found to be similar at the end of 7 days.

Mineralization and alkaline phosphatase activity

It is approved that alkaline phosphatase is a biochemical
ma r k e r o f o s t e ob l a s t s a nd e a r l y o s t e og en i c

differentiation [44]. The alkaline phosphatase activity
and mineralization results are demonstrated in Fig. 8.
Lower alkaline phosphatase activity was observed in
all samples as compared to selenium-free sample (B0).
This may indicate that the bone formation was lower for
selenium-incorporated samples. However, selenium in-
corporation enhanced the mineralization process. All
selenium-incorporated bioglass samples showed better
calcium formation than the pure sample.

Conclusions

Melt-derived 45S5 bioactive glasses with and without
SeO2 addition with five different compositions were
prepared in order to determine the effect of selenium
addition on the bioactivity, biodegradability, and bio-
compatibility behavior of glasses. The results of SEM
study showed that, especially after 14- and 28-day im-
mersion in SBF, the surface morphology of the glasses
changed remarkably, from a plate-like structure to circu-
lar structure. Results from the ICP study suggested that
carbonate-containing calcium phosphate layer would be
observed on the samples. Consistent with the results of
SEM micrographs, the data of FT-IR and ICP analysis,
the behavior of the samples immersed in TRIS–HCl
solutions represented that the SiO2–CaO–Na2O–P2O5–
SeO2 glass systems were bioactive materials. Despite
the other selenium-incorporated bioglasses, partially
1.5 wt.% selenium-incorporated glass (B2) showed bet-
ter bioactivity. The results showed that the selenium
incorporation strengthened the bioglass structure, raised
the Vickers hardness, and consequently enhanced the
mechanical property. Additionally, selenium incorpora-
tion enhanced the mineralization process. Based on the
outputs of this study, selenium-incorporated bioglass
seems to be a promising candidate for bone tissue en-
gineering applications. Further studies will be undertak-
en to evaluate selenium-incorporated 45S5 bioglass for
bone cancer therapy.
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