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Abstract: A novel three-dimensional (3D) titanium (Ti)-doping meso-macroporous bioactive glasses (BGs)/poly(methyl
methacrylate) (PMMA) composite was synthesised using PMMA and EOQ,oP0O7,EQ,q (P123) as the macroporous and
mesoporous templates, respectively. Unlike the usual calcination method, the acid steam technique was used to
improve the polycondensation of Ti-BGs, and then PMMA was partially extracted via chloroform to induce the
macroporous structure. Simultaneously, the residual PMMA which remained in the wall enhanced the compressive
strength to 2.4 MPa (0.3 MPa for pure BGs). It is a simple and green method to prepare the macro-mesoporous Ti-BGs/
PMMA. The materials showed the 3D interconnected hierarchical structure (250 and 3.4 nm), making the fast inducing-
hydroxyapatite growth and the controlled drug release. Besides mentioned above, the good antimicrobial property and
biocompatible of the scaffold also ensure it is further of clinical use. Herein, the fabricated materials are expected to

have potential application on bone tissue regeneration.

1. Introduction

The development of bone tissue engineering has made it an attractive
approach with significant potential for treating bone defects,
especially large bone defects caused by trauma, surgical resection
and congenital deformity corrections [1]. The design and synthesis
of suitable scaffolds (structure and function) as the matrices with
suitable physico-chemical properties play a pivotal role in bone
tissue engineering to meet the stringent requirements for tissue
regeneration [2, 3]. Bioactive glasses (BGs) in system CaO-P,0s—
SiO, are one of the most promising materials for bone regeneration
scaffolds [4]. BGs are an inorganic surface-active biomaterial that
can bond with bone tissue via inducing-hydroxyapatite (HAP)
mineralisation in vitro as well as in vivo [5-9].

Presently, much attention has been paid to the functionalisation of
BGs to further satisfy the clinical needs on the structure and property
of the implant. First, the abundant porous structure is a key factor for
a scaffold to be used as a bone implant. It is known that, the
macroporous structure benefits cell migration, delivery of nutrients
and gases and eventual vascularisation. A three-dimensional (3D)
interconnecting macroporous structure is vital so as to supply
skeletal channels for the diffusion of metabolites and nutrients
within a suitable physiological environment for cell proliferation
and differentiation culminating in fast bone in-growth [10].
Furthermore, mesopores (2-50 nm) always reveal high surface
areas to enhance bioactivity of the implant due to the accelerated
ion release and higher density of exposed Si—~OH groups that
provide enough nucleation sites for HAP deposition and accelerate
the bond with the bone tissue [11]. Besides, reparative process
requires the suitable drug impregnation and nutrition supply [12].
Mesoporous structures have been developed to favour the guest
molecule storage and the prediction of steady release, leading to a
sustained drug release [13]. On the basis of these reasons, the 3D
macro-mesoporous BGs are considered as a potential bone
replacement material.

With the development of porous BGs on bone regeneration, the
low compressive strength limits their further practical application
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[14]. Ideal tissue engineering materials should possess the required
desirable mechanical property (compressive strength). Therefore,
many efforts were made to improve the mechanical properties of
these porous BGs. Many polymers, poly(lactic-co-glycolic acid),
poly(3-hydroxybutyrate) (PHB) and poly-DL-lactide with high
mechanical strength were often used as a reinforcing phase to
improve the toughness of ceramic (glass)-based scaffolds [15, 16].
However, their poor hydrophilicity, low porosity and poor
bioactivity limit their further application [17]. Thereby, composites
composed of organic polymers and porous BGs were expected to
combine the advantages of the two components. Bretcanu O
synthesised 45S5 Bioglass®-derived scaffolds coated with PHB
and that composites revealed the considerable increase in the
compressive strength to 1.5MPa at 85% porosity [18].
Furthermore, Wei et al. developed nano-HAP modified with poly
(L-lactic acid) [19], showing a compressive strength close to that
of cancellous bone.

In bone reconstruction surgeries, one influencing factor should be
considered: bacterial infection. The doping of antimicrobial agents
improves the antibacterial property of BGs is also very important
for practical applications [20]. Titanium (Ti) series antimicrobial
agent is a typical undissolved antimicrobial agent. TiO, has
received more attention due to its stability, being environmentally
benign, safety and broad-spectrum antibiosis [21].

In this paper, a novel 3D macro-mesoporous BGs doped with Ti
has been synthesised using poly(methyl methacrylate) (PMMA)
sphere (300 nm) as macroporous template and EO,oPO,oEO;
(P123) as the mesoporous template. It is known that, PMMA
possesses non-toxicity, high modulus, reasonable compressive
resistance and versatile processing capabilities. In this paper, to
preserve the PMMA component, an acid steam technique was
adopted to improve the polycondensation of Ti-BGs. Then, the
partial dissolution of PMMA induces the macroporous structure
and the residual enhances the mechanical strength of the
composite obviously. Simultaneously, drug delivery and
biomineralisation in vitro as well as the biocompatibility
assessment were studied in detail.

45


mailto:
mailto:
mailto:
mailto:
mailto:
mailto:

2. Experimental
2.1 Materials

Py»3 (average molecular weight: 5800) was supplied by Aldrich.
Calcium nitrate (Ca(NOj3),-4H,0), chlorhydric acid (HCI), ethyl
silicate (TEOS), tetra-n-butyl titanate (Ti (C4HyO)4) and methyl
methacrylate (MMA) were purchased from Tianjin Kemiou
Chemical Reagent Co., Ltd. Triethylphosphate (TEP) and ethanol
were purchased from Harbin Chemical Reagent Factory.
Metformin HCl (MH, Shandongkeyuan, Jinan). Chloroform
(CHCI3) and potassium persulfate (K,S,0g) were obtained from
Harbin, China. U20S cells were applied for subsequent adhesion

assays. Dulbecco’s modified eagle’s medium, penicillin/
streptomycin, foetal bovine serum, trypsinase,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

(MTT) and dimethylsulfoxide (DMSO) were purchased from
Sigma—Aldrich.

2.2 Synthesis of PMMA colloidal crystal template

PMMA spheres were synthesised using an optimised version of
literature techniques and packed into colloidal crystals. PMMA
spheres were synthesised at 70-80 °C from mixtures of typical
composition: 200 ml of water, 20 ml of MMA and 0.2 g K,S,04
powder as an azo initiator. Water and MMA were added to a
three-neck round-bottom flask, to which was attached an electric
stirrer driving a glass stirring shaft with a Teflon stirrer blade, a
water-cooled condenser, a pipet connected to a house supply of
nitrogen (N,) gas and a thermocouple probe attached to a
temperature controller. The mixture was stirred at ~300 rpm, while
being heated to 70-80 °C and purged with N,. After stabilisation
of the temperature at an elevated level, the initiator was added.
The reaction was stopped after 2 h, producing colloidal PMMA
spheres. The colloidal polymer was filtered through glass wool to
remove any large agglomerates. PMMA colloidal crystals were
formed by centrifuging the colloid at 10,000 rpm for 20 min,
decanting the water and allowing the solid to dry for 12 h.

2.3 Synthesis of the 3D-porous BGs/PMMA/ and Ti-BGs/
PMMA

The colloidal crystals were soaked in a bioglasses precursor ethanol

solution for 3h at 25°C; herein, a bioglasses precursor was
pre-hydrolysed by mixing 4 g of Pj,3, 0.73 g of TEP, 6.7 g of
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TEOS, different qualities (0, 0.17, 0.34 g) of [CH3(CH,);014Ti,
1.4 g of Ca(NO;),4H,0, 1 g of HCI solution (0.5 M) and 60 g of
ethanol. Afterwards, the precursor impregnated colloidal crystals
were withdrawn from the solution and allowed to exposure to air
for evaporation of ethanol. The above impregnation procedure was
repeated for three times to ensure the fully filling of all the
interstitial voids in colloid crystals by the bioglasses species.
Finally, the composites were placed above HCI solution (5 ml and
0.5M) in a 50 ml reactor kettle at 40 °C for 24 h to improve the
polycondensation of silica and titanic species. After the composite
was treated with CHCl; to dissolve partial PMMA and ethanol to
dissolve Py3 for 8 h (repeated three times), the sample were
labelled as Ti-0 (0 g Ti (C4HoO),), Ti-1 (0.17 g Ti (C4Ho0),) and
Ti-2 (034g Ti (C4H9O)s). Additionally, the precursor
impregnated colloidal crystals were calcined at 550 °C to burn out
the templates (PMMA and Pj,3), the obtained hierarchical porous
materials were labelled as MBG (0 g Ti (C4HgO),).

2.4 Instruments for characterisation

The compressive strength of the specimens was measured by using a
universal material testing machine (Instron 5569, Instron, USA) at a
cross-head speed of 1 mm/min. The morphologies of the prepared
samples were characterised using a scanning electron microscope
(SEM, Hitachi S4800) at an accelerating voltage of 20 kV and
sample elements were analysed by an energy dispersive
spectrometer (EDS), associated with SEM. Powder X-ray
diffraction (XRD) data were collected on a Bruker D8 ADVANCE
diffractometer at 40 kV and 30 mA, using CuK (alpha) radiation.
Transmission electron microscopy (TEM) images were recorded
on an FEI Tecnai F20 instrument. The specific surface area of
samples was determined using Brunauer-Emmett-Teller (BET)
(NOVA  4200E Surface Area and Pore Size Analyzer,
Quantachrome, USA). The pore size distributions were calculated
from the adsorption branches of the N, adsorption isotherms using
the Barrett-Joyner—Halenda (BJH) model. Fourier transform
infrared (FTIR) spectra were recorded on a Perkin—Elmer 580B
infrared spectrophotometer using the potassium bromide pellet
technique. The ultraviolet-visible (UV-vis) absorbance spectra
were measured using a Shimadzu UV-3101PC spectroscope.

2.5 Drug loading and release

In a typical loading procedure, 0.206 g samples (Ti-0, Ti-1 and Ti-2)
were added to 10ml H,O solution including MH with a

*?’

Scheme 1 Synthesis procedure for the antimicrobial 3D ordered macro-mesoporous Ti-BGs/PMMA
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concentration of 0.1 M at room temperature under stirring for 4 h.
The drug-loading materials were recovered by vacuum filtration
and dried at room temperature. About 10ml filtrate was
extracted and properly diluted. Moreover, then it was analysed
by UV-vis spectroscopy at a wavelength of 233nm to
determine the drug loading. The materials are immersed into
300 ml simulated body fluid (SBF, pH=7.4) at 36.7°C in a
thermostat water bath. At predetermined time intervals, 3 ml
above solution has been withdrawn and immediately replaced
with an equal volume of dissolution medium to keep the
volume constant. The withdrawn solution was filtered (0.45 pm),
properly diluted and analysed for MH content using UV-vis
spectroscopy by monitoring the peak at 233 nm. Calculation of
the corrected concentration of the released ibuprofen is based
on the following (1):

d

t—1
v
Ctorr = C,-}—;th (1)
0

where Cy,, is the corrected concentration at time ¢, C, is the apparent
concentration at time ¢, v is the volume of sample taken and 7 is the
total volume of the dissolution medium.

2.6 Bioactivity studies

Ti-2 was immersed in SBF (Na™ 142, K* 5, Mg®" 1.5, Ca®" 2.5, CI~
147.8, HCO3 4.2, HPO;™ 41 and S02 0.5 mM) for different times
(4,12, 24, 48 and 96 h) at 37 °C were analysed by SEM to determine
their apatite-formation capability. Furthermore, the scaffolds soaked
in SBF for 96 h were further examined by EDS spectra.
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Fig. 1 SEM images of PMMA, Ti-0, Ti-1 and Ti-2:low-resolution images (a, b, ¢, d) and high-resolution images (e, f, g, h) and EDS spectrum of Ti-0 (i), Ti-1 (j)

and Ti-2 (k)
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2.7 Proliferation of U20S cells on the Ti-0, Ti-1 and Ti-2
scaffolds

Cell proliferation was measured by MTT method. Briefly, the
sterilised scaffolds were placed into 24-well culture plates and
incubated with 1x10° U20S cells in 1.2ml of proliferation
medium for 48 h. After removing the medium, 1.0 ml of 0.5 mg/
ml MTT solution was added in each well and incubated for 4 h at
37 °C. After the removal of MTT solution by the adsorption with
dry papers, the scaffolds were transferred to 1.5 ml tubes and 500
ul of DMSO was added to each tube. After the formazan was
dissolved completely in DMSO, 100 pl of formazan solution was
transferred to 96-well plate and the absorbances were recorded
using a microplate reader (SynergyTMHT, BioTek Instruments
Inc.) at 570 nm. The results were expressed as the absorbance
reading from each well less the optical density value of a blank.

2.8 Antimicrobial test

After comparing tests to choose the best concentration of
Escherichia coli, the best quality of the materials and test
conditions, the optimal test concentration is 1.6 ul of E. coli was
dissolved in 50 ml of physiological saline. Moreover, 0.1 mg of
Ti-0, Ti-1 and Ti-2 were added in 2 ml of diluent colibacillus
solution, respectively. Then, the samples were cultivated for 1 h in
table concentrator at 37 °C. The samples were centrifuged at
1500 r/min for 5 min, and then 20 pul of superstratum clear liquid
were homogeneous spread on culture medium, respectively. The
culture dishes were cultivated for 24h in 37 °C constant
temperature incubator. After 1 day, the colony amounts were
counted out and took a picture, to determine the bactericidal
capacity of the materials by the number of bacterial colonies on
the petri dish after 24 h. Calculation of kill rate for colibacillus is
based on the following (2):

Ny— N
w%:(OTO)XIOO )

where N, is the amount of survived colibacillus of blank sample and
N is the amount of survived colibacillus number of the mesoporous
material sample.

3. Results and discussion

The fabrication of 3D-macro-mesoporous Ti-BGs/PMMA is
illustrated in Scheme 1. First, the macroporous template was
obtained through the centrifugation of a homogeneous and stable
aqueous dispersion containing monodisperse PMMA colloids.
Then, the obtained PMMA scaffold was immersed into the
Ti-mBGs precursor, after the voids were filled completely it was
taken out of the precursor solution and dried in vacuum.
Afterwards, the acid steam technique was adopted to improve the
polycondensation of Ti-BGs and to preserve PMMA component.
After extraction in ethanol, P;,; was removed to form the
mesoporous structure. Followed by dipping in CHCI;, the partial
dissolution of PMMA induced the 3D-macroporous structure of
the sample. Moreover, the 3D-macro-mesoporous structure was
obtained and hoped to improve the cell migration, delivery of
nutrients and gases and eventual vascularisation. In this procedure,
PMMA was not only used as the macroporous template but also
the components of the composites, which were expected to
possess the enhanced mechanical strength of the composite.

Fig. la shows the SEM image of the monodisperse PMMA
colloids synthesised through a soap-free emulsion polymerisation
method. The high-resolution SEM image shows that the PMMA
colloids possess a uniform size of 300 nm (Fig. le). It can be seen
that Ti-0, Ti-1 and Ti-2 retain the highly ordered 3D macropore
with the interconnected structure (Figs. 1b-d), testifying the
replication of the structure from PMMA scaffold. Furthermore, all
samples reveal the decreased macroporous diameters (200-250 nm)
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in contrast with PMMA template (300 nm) that is ascribed to the
partial dissolution of PMMA and the residual is left on the porous
walls. The EDS analyses of all samples were recorded as shown in
Figs. 1i—k. It indicates that Ti-0 was only composed of Si, Ca, P,
O and C elements derived from BGs and PMMA. Besides these
elements, Ti is found in Ti-1 and Ti-2 with the atom per cent
about 0.21 and 0.56%, respectively. As displaced in Figs. 1i-£, it
is clearly revealed that Ti has been doped in Ti-1 and Ti-2
successfully.

Moreover, TEM analysis was used to further investigate the
porous structures of Ti-0, Ti-1 and Ti-2. From Fig. 2, Ti-0 exhibits
the 3D ordered macroporous arrays copying from PMMA
template. In the wall, the mesopore, derived from the micellisation
of Pyp3, with straight channels can be found, obviously. After the
addition of Ti precursor, Ti-1 and Ti-2 also reveal the similar

100 nm

100 nm
——

Fig. 2 TEM image of the porous supported

a Ti-0 scaffold
b Ti-1 scaffold
¢ Ti-2 scaffold
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Fig. 3 N, adsorption—desorption isotherms and the BJH pore size
distribution curves of Ti-0, Ti-1 and Ti-2

a N, adsorption—desorption isotherm
b Pore size distribution curve of Ti-0, Ti-1 and Ti-2

Table 1 Structure parameters and the drug-loading rate of Ti-0, Ti-1
and Ti-2

Sample Sger, Mg V,, cm¥g Dp, nm Drug loading, %
Ti-0 442 0.66 3.4 21.84
Ti-1 357 0.41 3.4 20.06
Ti-2 385 0.33 3.4 20.01

mesoporous structure as Ti-0. This further proved that the Ti
(C4Hy0), did not destroy the mesoporous structures in Ti-1 and Ti-2.

The surface structures of the as-fabricated materials were analysed
by N, sorption isotherm techniques. The N, adsorption—desorption
isotherms and the BJH pore size distribution curves of Ti-0, Ti-1
and Ti-2 are shown in Fig. 3, respectively. The isotherms show an
adsorption hysteresis and narrow peak of the samples in the BJH
pore size distribution curves about 3.4 nm for all the samples. That
is in agreement with the TEM images. In Fig. 35, there is a broad
peak of Ti-0 at 7nm and the pore size decreased with the
increasing of Ti, this is because the introduced Ti joined the
formation of the BGs matrix. The corresponding BET surface area
and pore volume are listed in Table 1. BET surface areas and pore
volumes of Ti-0, Ti-1 and Ti-2 are 442 m> g~'and 0.66 cm> g™,
357m? g™ and 041 cm’ g™ and 385m*g 'and 0.33 cm® g7,
respectively.

FTIR was used to obtain the information of chemical bonds. The
FTIR spectra of PMMA, Ti-0, Ti-1, Ti-2, MH-Ti-0, MH-Ti-1 and
MH-Ti-2 are presented in Fig. 4. All the samples show adsorption
bond at 2929 and 1736 cm™! indexed as —CH; and C=O of
PMMA. The absorption bands of —OH (3425 cm™!), Si-O-Si
antisymmetric ~ stretching  vibration (1088 cm™'),  Si-O-Si
symmetric stretching vibration (810 cm™') and bending vibration
Si-O (469 cm™") indicate the amorphous silica framework in Ti-0,
Ti-1 and Ti-2 (Figs. 4b—-d). Another weak band at 662 cm™' is
corresponding to Si—O-Ti bond in the tetrahedral coordination,
testifying that —Ti—O- is incorporated into —Si—O- network in Ti-1
and Ti-2. As shown in FTIR spectra of MH-Ti-0, MH-Ti-1 and
MH-Ti-2, the absorption peaks located at 3170 and 3360 cm™'
assigned to the stretching vibrations of —NH group that confirms
the successful loading of MH molecules onto the scaffolds
(Figs. 4e—g). The MH-loading capacity is calculated and shown in
Table 1. The porous structure causes the high loading amount.
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Fig. 4 FTIR spectra of

a PMMA

b Ti-0

¢ Ti-1

d Ti-2

e MH-Ti-0
FMH-Ti-1
g MH-Ti-2
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Fig. 6 SEM images of the Ti-2 after soaking in the SBF for
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Fig. 7 Wide-angle XRD patterns of Ti-2 before (a) and after (b) soaking in
SBF for 96 h
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Fig. 8 Stress—strain curves of Ti-0 and MBG

With the largest surface area, Ti-0 possesses 21.84 wt% loading
amount, followed with Ti-1 (20.06 wt%) and Ti-2 (20.01 wt%),
respectively.

Fig. 5 shows the release behaviour of MH from the different
materials in SBF. In the first hour, MH release about 22.5, 20.6
and 19.1% from Ti-0, Ti-1 and Ti-2, respectively. The initial fast
release of HM is attributed to MH molecules adsorbed on the
surface of the sample. Moreover, the rapid diffusion of MH
molecules from the macroporous structure also leads to the fast
initial release. Owing to the drug stored in mesoporous channels
diffuses to macropore needs a longer-time penetration of the
medium, so the controlled release sustains to 12h and the
cumulative release reaches 35.1, 27.8 and 27.4% of Ti-0, Ti-1 and

c

Fig. 10 Antibacterial results of samples for 24 h

a Blank

b Normal saline solution
¢ Ti-0

d Ti-1

e Ti-2
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Fig. 9 U2OS cell viabilities after 48 h incubated with Ti-0, Ti-1 and Ti-2 at
different concentrations

Ti-2, respectively. From the drug release curves, it can be seen
that Ti-0 possesses the highest release rate and final release
amount than that of Ti-1 and Ti-2, ascribing to the largest
mesoporous pore of Ti-0 as revealed in Fig. 3b.

The bioactivity of BGs scaffold, reflected by the ability of
inducing mineralisation of HAP, could finally affect the successful
transplantation in bone tissue engineering. In this paper, the
inducing growth of HAP in vitro was carried out by soaking Ti-2
in SBF at 37°C for 4, 12, 24, 48 and 96 h (Figs. 7a—e). As
compared with 3D-macroporous structure before immersing in
SBF (Fig. 1d), the macroporous walls of Ti-2 had become thicker
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gradually with increase of the immersing time. After 96 h, the
macropores have been finally blocked completely. From the EDS
spectrum of Ti-2 after 96 h immersion in SBF, it indicates that the
precipitated layer is composed of Ca and P with a Ca/P atomic
ratio of 1.6 in Fig. 6f, which is close to the theoretical value 1.67
Ca/P ratio of HAP, implying the precipitated layer on the surface
of the sample is HAP.

To further testify the mineralisation of HAP, the wide-angle XRD
patterns of Ti-2 before (a) and after (b) soaking in SBF for 96 h are
recorded and shown in Fig. 7. The diffraction peaks appearing at
31.7°, 45.3° and 56.1° can be well assigned to correspond to the
(211), (203) and (313) crystal planes of HAP (JCPDS no.
09-0432). From Fig. 6, after immersing in SBF for 4 h, there is
HAP mineralisation on the surface that benefits from the various
porous structure and large surface area of the sample. It is known
that HAP is the main inorganic component of the bone and the
spontaneous inorganic mineralisation of HAP makes these
materials have potential applications in bone tissue regeneration
[22, 23].

Besides the HAP inducing growth, the suitable mechanical
strength is another key factor to the bone tissue regeneration. It is
known that the porous materials always possess a low mechanical
strength. Here, PMMA was adopted not only as the macroporous
template but also as the component of the scaffold in the hope of
enhancing mechanical strength. In Fig. 8, stresses and strains were
plotted from the compression data (sample volume: about 1 cm®
and test number: three times). The pure MBG reveals a low
compressive strength of 0.3 MPa, which then increases to 2.4 MPa
for Ti-0 that is close to the lower values for spongy bone. The
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Fig. 11 Bar charts of

a Colonies number
b Sterilisation rate
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improved compressive strength attributes to the residual PMMA, a
typical compressive polymer, in the wall.

The cell proliferations of U20S after incubated with Ti-0, Ti-1
and Ti-2 for 48h were determined quantitatively by MTT
assessment (Fig. 9). All of them reveal the negligible cytotoxicity
and even when the concentration increases to 50 pg/ml, the cell
viability also over 93% for all samples. P values (Prio=0.9999,
Pri.1=0.9838 and Pri»,=0.9976) were not obvious difference.
From Fig. 9, it is confirmed that the as synthesised scaffold does
not affect the proliferations of the cells.

Figs. 10 and 11 exhibit the antimicrobial property of these
samples. The colibacillus amounts were counted out and the kill
rates were calculated through (2). Each value in the result is the
average of the results of three parallel experiments. There are only
normal saline solution (Fig. 10a) and the colibacillus (Fig. 10b) as
the antithesis, which proves the solution is clean and the
colibacillus is in good condition. In Figs. 10c—e, it clearly
indicates that these materials display the improved antimicrobial
ability with increase of Ti amount. Moreover, the kill rates for
colibacillus of Ti-0, Ti-1 and Ti-2 reach 26.48, 76.97 and 94.86%,
respectively (Fig. 11b). The enhanced antimicrobial abilities of
Ti-1 and Ti-2 depends on the evolved —OH free radicals, which
demonstrate stronger oxidisability to organic matters of bacteria.
Above all, the Ti-doped macro-mesoporous BGs/PMMA displays
the excellent antimicrobial property that is significant for the
bacterial infection in bone replacement.

4. Conclusions

The macro-mesoporous Ti-BGs/PMMA scaffolds were synthesised
using Pj;3 as the mesoporous template and PMMA as the
macroporous template. To obtain the inorganic—organic composites
in a one-pot system, the acid steam technique was adopted to
improve the polycondensation of Ti-BGs. Moreover, PMMA was
then partially removed by CHCl; to produce the macroporous
structure, and the residual PMMA remained in the wall to improve
the compressive strength to 2.4 MPa (0.3 MPa for pure MBG). It
is a simple and green method to synthesize the macro-mesoporous
Ti-BGs/PMMA. With 3D interconnected hierarchical structure
(250 and 3.4 nm), the material demonstrates the fast inducing-HAP
growth (4h) and the controlled drug release. Furthermore, the
scaffold also exhibits good antimicrobial property and
biocompatible, associating with the above investigation (bioactivity
and mechanical strength) to be expected to the potential
application for bone tissue regeneration.
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