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Many researches have been conducted so far to improve the bioactivity and mechanical properties of
bioceramic-based scaffolds in order to stimulate tissue attachment to the implant surface and create a stable
bonding. In this research, Al,O5 scaffolds were prepared using different types of polyurethane foam through
template replica method and then, they were sintered at 1650 °C. A sol of SiO,~CaO- P,0s—-MgO system
Bioactive Glass (BG) was synthesized where the scaffolds were soaked and heat-treated at 800 °C based
on thermo gravimetry analysis. X-ray diffraction confirmed the presence of silica in the structure of BG
coating diffused in alumina scaffold that caused the formation of sillimanite phase. According to Scanning
Electron Microscopy (SEM) analysis, all prepared scaffolds were highly porous, and the mean porosity
percentage was approximately 85 %. The compressive strength and porosity percentage of the scaffolds
nearly ranged between 0.35-1.75 MPa and 79-93 %, respectively. The sample with the best result of
compressive strength was considered as the optimum alumina scaffold (OAS). In vitro acellular behavior
of the samples was also evaluated followed by soaking them in the simulated body fluid, and the ball-like
morphology including entangled needle-like crystals were observed on the surface of the sample.
Moreover, cells were cultured in alumina scaffolds with and without BG coating and in the cell studies.
According to the findings, both samples supported attachment and proliferation of osteoblasts. Therefore,
Based on the scaffold porosity percentage which promotes cell attachment as well as the compressive
strength which is close to that of the trabecular bone, it can be concluded that application of BG-coated
alumina scaffold as a bone-healing material may be beneficial.

https://doi.org/10.30501/ACP.2022.323414.1079

1. INTRODUCTION

Bone tissue injuries significantly affect the lives of
millions of people worldwide. Some common treatment
methods such as autologous and allogeneic bone grafting

cannot produce the ideal therapeutic effect; to be specific,
allograft bone transplantation may cause sevral side
effects such as negligible osseointegration, immune
rejection, and blood disease. To overcome these
problems, Bone Tissue Engineering (BTE) was
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introduced to promote the already available techniques
for lost bone regeneration using a combination of cells,
growth factors, and biomaterials, maintain the stable state
of tissue, and enhance/replace the function of target
tissues. This approach enjoys several advantages such as
high flexibility, low risk of infection, and great
biocompatibility [1-3].

Tissue Engineering (TE) is currently used as a
considerable successful technique in a wide variety of
fields to repair and reconstruct tissues and organs such as
bone, skin, cartilage, liver, bladder, ligament, nerves,
cardiac valves, etc. This is the main reason why TE is still
an interesting subject of many investigations. The overall
objective of TE scaffolds is to provide the cells with a
temporary matrice to generate new tissues of favorable
shapes and dimensions. Of note, given that the scaffold
should be characterized by suitable physical, mechanical,
and biological properties, one of the challanges in TE is
construction of a porous biodegradable scaffold.
Moreover, it should possess individual and particular
morphology and microstructure [4,5].

A number of different scaffolds (organic and inorganic
or hybrid of them) have been fabricated so far among
which, bioceramic scaffolds are amazingly appreciated
owing to their unique properties such as biocompatibility
and biodegradability. However, along with these
appropriate  characteristics, they also have some
mechanical properties. In this regard, many studies have
been conducted to overcome this weakness [6,7].

Alumina scaffolds are extensively used owing to their
high biocompatibility, excellent wear resistance, and
hardness; however, they are inert in body. Therefore, the
combination of Alumina scaffolds with a bioactive
material would result in a better biocompatibility and
maintenance. Kim et al. evaluated Tricalcium Phosphate
(TCP) coated and non-coated alumina scaffolds.
TCP-coated scaffols exhibit favorable bone tissue
ingrowth [8]. Naga et al. condusted a study on the
bioactivity of the porous alumina scaffolds coated with
calcium pyrophosphate. Histological analysis revealed
that the produced scaffold can be used as the bone
substitute [9]. In another research, porous alumina
matrice was dipped into bioglass/hydroxyapatite ceramic
slurry and then sintered. The evaluation confirmed the
higher cell interaction of the coated porous alumina than
that of non-coated alumina scaffolds [10].

The main objective of the current research is to prepare
an alumina scaffold to obtain good mechanical properties
and coat it by a ternary system of bioactive glass (BG) to
obtain suitable bioactivity. Alumina is a bioinert ceramic
with fantastic mechanical strength, yet it is not bioactive
[11]. In contrast to alumina, BG is a kind of bioceramic
with the ability to bond with host tissues through
formation of a calcium phosphate layer at their interface
to live tissues. However, it has a considerable drawback,
i.e., low mechanical strength [12]. It seems that the

alumina coated with BG produces a bioactive scaffold
with proper mechanical properties.

2. MATERIALS AND METHODS

2.1. Preparation of Specimens

Alumina scaffolds were made using polyurethane
foams. First, alumina (Martoxid® MR70, Albemarle,
Germany), distilled water, and polyvinyl alcohol (PVA,
363138 Aldrich, Germany), as the binder, were mixed
together and milled for 24 h to achieve a homogenous
slurry. Then, the foam samples of 1x1x1 cm?® in
dimention were immersed in the slurry of alumina to
smear all sides of the foams. Next, the foams were taken
out from the suspension and squeezed to remove the
excessive slurry. In this step, three types of polyurethane
were used (30, 45, and 60 Pores Per Inch (PPI)). The
foams were then dried at 70 °C and sintered with a certain
heat-treatment program. Samples were then heated to
300 °C with the rate of 1 °C/min and remained at 300 °C
for one hour to remove polymeric substrate. Finally, they
were heated to 1650 °C at a rate of 5 °C/min and then
sintered and stabilized at this temperature for three hours
[11].

BG based on 64 SiO,, 26 CaO, 5 MgO, and 5 P,0s
(% mol) system was synthesized based on water-based
sol-gel process. In this process, 13.33 g of Tetraethyl
Orthosilicate (TEOS, 800625 Merck, Germany) was
poured into 30 mL of 0.1 M Nitric Acid (HNOs,
1004562500 Merck, Germany) solution and stirred for
one hour at room temperature to complete acid
hydrolysis. The following compounds were added in
sequence, giving 45 min to each reagent to react
completely: 0.91 g triethylphosphate (TEP: 821141
Merck, Germany), 6.14 g of calcium nitrate tetrahydrate
(CaNO3.4H,0, 102123 Merck, Germany), and 1.28 g of
magnesium nitrate hexahydrate (Mg(NOs)2, Merck
107871, Germany). After the final addition, the mixture
was stirred for an hour to obtain a transparent sol. Now,
it is ready to be used for coating on alumina scaffolds.

In this stage, the sintered scaffolds were soaked in the
BG sol for a few seconds. This procedure was repeated
three times to obtain appropriate coatings. At the end, the
coated samples were dried at 70 °C for 24 h. The sintering
temperature was 800 °C in accordance with the Thermo-
Gravimetric Analysis (TGA) of BG. The resultant
scaffolds were heat-treated at this temperature for two
hours to obtain the proper chemical bonding between the
glass and alumina.

2.2. TGA and DTA Analyses

The thermal behavior of BG was studied through
Differential Thermal Analysis (DTA) and Thermo
Gravimetry (TG) analysis. For this purpose, the obtained
sol was poured into a cylindrical teflon container and kept
sealed for 10 days at room temperature until the
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occurance of the polycondensation reaction. The formed
gel was dried at 70 °C for 3 days and then at 120 °C for
2 days. The dried gel was analyzed using PL-STA 1600-
England apparatus under the air atmosphere and heated
from room temperature to 1200 °C with the heating rate
of 10 °C/min.

2.3. X-Ray Diffraction Analysis

Phase analysis of the scaffolds was carried out using a
Philips PW3710 diffractometer. This apparatus worked
with the voltage of 40 kV, current of 30 mA, and applied
Cu-Ko radiation (1.54 A). The required data were
collected in the range of 10° < 26 < 80° at the scan speed
of 2 °/min.

2.4. Morphology Observations

The morphologies of the pores and pore walls in the
scaffolds were observed using Scanning Electron
Microscopy (SEM) (Stereoscan S360-Cambridge, UK),
fucnctioning at the acceleration voltage of 15 kV. First,
samples were coated with a thin layer of Au using the
sputtering instrument. The elemental image analysis of
the scaffolds was determined by Energy Dispersive
Spectroscopy (EDS) that was directly connected to SEM.
According to previous similar studies [13-15], the pore
size was measured by Image J software, and the mean
porosity diameter was defined as the pore size of
scaffolds.

2.5. Porosity Percentage Measurement of
Scaffolds

To measure the porosity percentage of the scaffolds,
they were well-milled by agate mortar. The true density
of the sintered powder was calculated based on the
standard ASTM D 2320-87 through pycnometer method.
The amounts of mass and volume were also calculated to
measure the bulk density of the sintered samples.

2.6. Mechanical Test

The mechanical properties of the samples were
measured based on compressive strength test. The
cylindrical samples were fabricated (15 mm in diameter
and 20 mm in height), and the compressive strength of
the samples was evaluated through universal testing
device (STM 20, SANTAM Ltd, Iran) equipped with a
100 N load cell at the cross head speed of 1 mm/min. The
following equations were used for calculating Young’s
modulus (E) (1) and ultimate compressive stress (o) (2):

=70 )

F
o= X (2)
where K is the stiffness, L the length of sample, F the

ultimate load, and A the average of surface area obtained
from Eq. (3):

A=2x=x(d}—dd) ©)

where d; and d, are the diameters of the cylindrical
specimens. The slope of the stress—strain curve at the
fracture point is the value of K. The test was repeated
three times for each sample.

2.7. Evaluation of in Vitro Acellular Behavior

The in vitro surface activity of the scaffolds was
evaluated after soaking them in Simulated Body Fluid
(SBF) at the solid-to-liquid ratio (S/L) of 1 g/100 mL and
then, they were kept at 37 °C for several periods up to 28
days. The SBF solution was prepared based on the
procedure suggested by Kokubo et al. [16] by dissolving
NaCl 8.035 g/L, KCI 0.225 g¢/L, K;HPO4.3H,0
0.231 g/L, MgCl,.6H,0 0.311 g¢/L, CaCl, 0.292 g/L,
NaHCO; 0.355 g/L, and Na2SO3 0.072 g/L into distilled
water, buffered at pH=7.25 with 6.118 g/L tris-
hydroxymethyl aminomethane and 1 N HCI solution at
37 °C. The SBF solution was selected due to its highly
supersaturated characteristic in terms of apatite.
According to Oyane and Takadama [17,18], SBF is the
best solution to evaluating the apatite-formation ability in
biomaterials. The  microstructure and  surface
morphology of the samples were observed using SEM
after soaking them in the SBF solution for 14 and 28
days.

2.8. Procedure of Cell Culture and MTT Assay

Osteoblast-like cells of human (SaOS-2) were cultured
in Dulbecco Modified Eagle Medium (DMEM;Gibco-
BRL, LifeTech-nologies, Grandlsland, NY)
supplemented with 15 % fetal bovine serum (FBS)
(Dainippon Pharmaceutical, Osaka, Japan) ina 5 % CO;
atmosphere at 37 °C. The scaffolds (with dimentions of
0.5x0.5x0.5 cm® were sterilized using 70 % ethanol, and
the cells were seeded over them at 2x10* cells/well [19].
Similarly, discs with similar dimensions were prepared
from the culture dish (polystyrene) and used as the
control group. The sample/cell constructs were placed
into 24-well culture plates and left in an incubator for
three hours to allow cell attachment. Next, 3 mL of
culture medium was added into each well, and the
cell/specimen constructs were cultured in a humidified
incubator at 37 °C with 95 % air and 5 % CO; for 2 and
7 days. The medium was changed every 3 days.

SEM was employed to monitor the morphology of the
attached cells. For this purpose, followed by cell fixation,
the specimens were dehydrated in ethanol solutions for
about 20 min. They were then dried in the air, coated with
gold, and analyzed by SEM.

The cell proliferation in contact with the samples was
measured by using water soluble enzyme substrate
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl  tetrazolium
bromide (MTT, Sigma, Germany), which turned into a
purple water insoluble product formazan accumulated in
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the cytoplasm of viable cells. In this regard, at the end of
each period, the medium was removed, and 2 mL of MTT
solution was added to each well. Followed by incubation
at 37 °C for four hours in a fully humidified atmosphere
(5 % CO/95 % air), MTT was taken up by active cells
and reduced to insoluble purple formazan granules in
mitochondria. Subsequently, the medium was thrown
away, the precipitated formazan was dissolved in
dimethyl sulfoxide (DMSO, Sigma, Germany) (150
mL/well), and the optical density of the solution was
measured using a microplate spectrophotometer (BIO-
TEK ElIx 800, Highland park, USA) at 570 nm. Cell
number was determined using a linear correlation
between the absorbance and cell concentration.

2.9. Statistical Analysis

Data were calculated by Microsoft Excel 2019
software, the results of which were reported as the mean
+ standard deviation of at least three experiments. The
significance among the mean values was determined
using standard software program (SPSS GmbH, Munich,
Germany) such that the probability values less than 0.05
(P < 0.05) were considered significant.

3. RESULTS AND DISCUSSION

The DTA and TG analyses of the BG were carried out
to acquire the exact sintering temperature, as shown in
Figure 1. The first endothermic peak initiated at 120 °C
corresponds to the release of physically adsorbed water.
According to the TGA diagram, it was removed between
50 °C and 150 °C (No. 1). There is an exothermic peak at
320 °C which can be attributed to the release of structural
water that leads to weight loss between 150 °C and
400 °C (No. 2). Two other endothermic peaks (No. 3 and
4), started at 550 °C, are associated with the removal of
silanol and nitrate groups that are usually eliminated in
the thermal stabilization process [20]. Approximately
10 % of the total weight loss occurred by removal of all
nitrates at 600 °C. Finally, the crystallization process of
CaSiO3 (B-wollastonite) and cristobalite (SiO2) was
completed around 970 °C (No. 6) [20], which was found
to occur at higher temperatures in similar glasses [21,22].

Negligible weight loss was observed above 700 °C,
indicating that the residuals were removed before 700 °C
[4], hence this temperature was found to be propper for
stabilization of the glass structure. Of note, the glass
transition temperature of the dried gel occured at about
800 °C (No. 5). Controlling the sintering temperature is a
fundamental factor that affects apatite formation. As
reported, the heat treatment of the bioglass as a coating
affected bioactivity. According to the studies, an
imperfect apatite layer was formed on the bioglass. In
fact, crystallisation decreased the bioactivity of the
bioglass that was coated on the porous alumina scaffold
and prepared by slip casting [23].

100 +

Weight (%)
-
=

0 2(.}0 4(I]O 6(.)0 E(I)U lOIOO 1200
Temperature (°C)

Figure 1. DTA (red line) and TG (black line) analyses of the

BG

Figure 2 illustrates the XRD patterns of the sintered
alumina at 1700 °C, stabilized BG at 800 °C, and coated
scaffold. No diffraction peak was observed in the XRD
pattern of BG, and the sample was almost amorphous due
to its internal disorder. In this respect, 800 °C was
selected as the suitable temperature for BG stabilization.
According to the pattern of the coated alumina scaffold,
the corundum phase (JCPDS Card No 46-1212) at pure
alumina scaffold was converted to sillimanite (a
composition of Al,03-SiOz) with JCPDS Card No 22-
0018 partially followed by sitering at 800 °C, indicating
that the silica in the structure of BG was diffused in
alumina scaffold, hence formation of the sillimanite
phase.

*  Corundum
x  Silimanite

Intensity (a.u.)

10 20 30 40 50 60 70 80
20 (degree)
Figure 2. X-Ray diffraction patterns of a) BG stabilized at
800 °C, b) Sintered alumina at 1650 °C, and c) BG coated Al-
scaffold

Figure 3 shows the micrograph of the sintered scaffolds
prepared by different polyurethane foams. As expected,
all prepared scaffolds thorugh replica method were
highly porous so that the size of pores and their walls
increased by decreasing PPI. The mean size of the pores
and their walls were estimated using Image J software
and SEM images. The given data in Table 1 show that the
average pore size of the scaffold prepared by 30 PPI foam
is 1133 um which decrease to 376 um in the sample
prepared by 60 PPI foam. The results of the calculated
porosity percentage from Equation 1 are also given in
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Table 1. The prepared sample with 60 PPI foam had the
highest porosity percentage. On the contrary, the porous
alumina-based ceramics fabricated by
Polymethylmethacrylate (PMMA) microspheres had the
mean pore size of about 22.6 um and open porosity
percentage of 62 %. In other words, they had smaller pore
size and less porosity percentage than those of the
scaffolds prepared by foam replica, hence higher
mechanical strength can be expected [24].

Figure 3. SEM images of scaffolds prepared by a) 30 PPI, b)
45 PPI, and c) 60 PPI polyurethane foams

Table 1 presents the results of the mechanical strength
of the scaffolds. According to this table, the compressive
strength decreased upon increasing the porosity
percentage of the scaffolds. The compressive strength of

the scaffold prepared by 30 PPl foam was 1.75 MPa
which was higher than that of the other samples. The
compressive strength of the trabecular bone was between
0.22 MPa and 10.44 MPa, and the mean value was about
3.9 MPa [25-28]. Therefore, this scaffold can be
recommended to be used for tissue repair of the
trabecular bone. In addition, the porosity diameter of the
scaffold prepared through template replica method was
considerably high, hence useful for TE applications [22].
Moreover, the scaffold possesses interconnected
porosities. Pore connectivity plays an important role in
the penetration into the scaffold [29].

TABLE 1. The Characteristics of porosity and mechanical
properties of prepared scaffolds with different polyurethane
foams

Types of polyurethane

30 PPI 45 PPI 60 PPI
foams

Diameter of Pore

(pm)

Diameter of pore’s wall
(nm)

Calculated porosity
(%)

Compressive strength
(MPa)

113350  550+24 37613

27524 185+18 79+11

79.5+0.5 85.05+0.03 93.41+0.65

1.75#0.5 0.51+0.2 0.35+0.1

Therefore, the synthesized sample through foam PPI
No.: 30 can be regarded as the Optimum Alumina
Scaffold (OAS). The composition of OAS is exactly the
same as that of other samples (BG coated alumina); they
only differ in the applied foam.

To measure the thickness of BG coating, SEM
observation at different magnifications was used. As
observed in Figure 4, the coating thickness is nearly
1.5 um, and it is tightly attached to the alumina scaffold.
To obtain an strong coating, the thermal expansion
coefficients of both substrate and coating layer must be
matched. Otherwise, the created thermal stresses between
the substrate and coating would cause cracks. In this
study, the thermal expansion coefficient of BG was
measured based the rule of mixtures as 4.92x 1076 °C™,
The thermal expansion coefficient of alumina was also
9.47x 1078 °C™L. Due to the smaller coefficient value of
the BG, the stresses in the coating would be compressive,
thus forming a good bonding between the BG and
alumina substrate. Figure 4 presents the EDS analysis of
the substrate and coating of OAS. All of the constituent
elements of the BG were identifiable in the the coating
layer. The elements of Al and Si were also found in the
substrate. The presence of Si in the substrate confirmed
that the sol was infiltrated into the scaffold structure
which in turn led to the formation of a new phase of
Al>O3-SiO; in accordance with the XRD results.
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2
Energy (KeV)

Figure 4. SEM of the BG coated alumina scaffold at different
magnifications a) 400 X, b) 2000 X, and EDS analysis of ¢) the
coating (point 1) and d) the substrate (point 2) of the scaffold

Figure 5 illustrates the BG-coated OASs after 14 and
28 days of immersion in SBF solution. As seen, the
hydroxyapatite layer with a spherical morphology was
precipitated after 14 days. Obviously, a ball-like
morphology containing the entangled crystals was
observed on the surface of the sample after 28 days. This
kind of apatite morphology is fromed through the
dissolution-precipitation mechanism. According to other
researches [30], changes in the surface chemistry and
topography in vitro were controlled by the solubility of
the different phases. The reaction between the phosphate
ions of SBF and released calcium ions by the material
cause the nucleation of a calcium-deficient

hydroxyapatite layer. These surfaces were formed after
28 days due to the abovementioned mechanism [31]. The
elemental image analyses of the surface are illiustrated in
the corner of Figure 5. The presence of Ca and P peaks
determines the formation of a calcium phosphate layer.

T
4

Energy (keV)
! " yaRaL

Figure 5. SEM observation of the BG coated alumina scaffold

after 14 and 28 days of soaking in SBF solution. (in the corner:
EDS analysis of the surface)

Figure 6 shows the SEM micrographs of alumina
scaffolds and BG-coated OASs after 2 and 7 days of
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osteoblastic cell culture in different magnifications. SEM
is a beneficial method to detecting the morphology and
distribution of cells on the surface of scaffolds [32].
According to this figure, Alumina did not adversely

affect cell proliferation, and cells were properly attached
and spread on the surface due to the compatibility and
proper topography of the samples in terms of cell growth.
The cells are marked with white arrows in Figure 6.

Figure 6. SEM micrographs of alumina scaffolds a) after 2 days, b) after 7 days, BG coated alumina scaffolds c) after 2 days and d)
after 7 days of osteoblastic cell culture (at the corner of image, higher magnification is observed where white arrows indicate spread

cells)

The obtained results were in good agreement with
those from another research carried out by Bose and et al.
[33]. Apparantly, after 7 days, the cells covered a larger
area of the scaffold surface. In case the matrix is
inappropriate or toxic, the cells would be less extended
over the surface [34].

The cytotoxicity study on the specimens was
conducted using the MTT colorimetric method to
confirm the microscopic observations. Figure 7 shows
the proliferation of the osteoblasts on different
specimens. The results of the studies at 2 and 7 days
revealed that the number of cells on the surfaces of
aluminum and BG- coated aluminum scaffolds increased
significantly with time. The differences in the cell
numbers between days 2 and 7 are statistically significant
(P < 0.05); therefore, after cell attachment, proliferation
begins on all samples. On days 2 and 7, the numbers of
cells proliferated on aluminum and BG-coated aluminum
scaffolds were compared, and it was found that the
differences between the average values were not
statistically important. However, the number of cells on
polystyrene was extremely lower than that of aluminum

and BG-coated aluminum scaffolds with no cytotoxicity
of the samples.

7000

*

[ Icontrol ] |
sooo 4 L__] Al scaffold ——*&——
[ ]BG-coated ;
Al scaffold

5000

B

o

(=]

(=]
1

3000 ~

Cell number

2000 4

1000 -

Culture time (day)

Figure 7. Proliferation of osteoblasts on Al scaffold, BG-coated
Al scaffold, and control sample measured by MTT assay
(*P <0.05)
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The scaffold material provides a substrate for cell
attachment, proliferation, and differentiation [35]. In
order to obtain a scaffold for bone regeneration in this
study, both alumina and BG-coated based scaffolds were
prepared. The surface topography of the biomaterial
affected cellular responses in vitro preferably, hence
bioactive materials should interact with cells to motivate
cell ingrowth [36]. Cell attachment is the primary stage
of the interaction between the cells and biomaterial [37].
The surface of the biomaterials affects the morphology of
cells that define biocompatibility [38]. The SEM results
of cell morphology revealed that cell cover on the surface
of COAS was better than that of OAS. In other words,
cellular responses to biomaterials depends not only on the
surface morphology but on the chemical composition of
the biomaterial [39], which plays a fundamental role in
determining interaction between the cells and materials
by changing the quantity of the released ions from the
biomaterial [40]. In this study, a sol-gel derived bioactive
glasses containing SiO,, CaO, and P,Os was selected as
the coating. SiO, is a network former in the glass
structure. Moreover, Si—-OH groups produced from the
exchange process of Ca?* ions (from glass) with H;O*
(from solution) are susceptible sites for calcium
phosphate nucleation [41,42]. At the same time, Si ions
released from the glass composition into the medium can
accelerate cell functions [43,44]. P2Os is also used to
encourage nucleation of calcium phosphate phase on the
glass surfaces [45].

4. CONCLUSIONS

The following conclusions can be derived from this

study:

¢ Alumina was transformed to sillimanite phase when
coating the alumina scaffold with BG as a result of
the diffusion of silicon into the scaffold as well as the
reaction of alumina with silicon.

e The mechanical strength decreased upon increasing
the porosity percentage of the scaffolds.

e According to the SEM observation, the spherical
hydroxyapatite particles were formed well on the
surface of BG-coated alumina scaffold after different
time intervals of being soaked in SBF solution.

e According to the preliminary in vitro test data, both
alumina and BG-coated scaffolds were not toxic
after processing, and they provided favorite sites for
cell attachment and proliferation for SaOS-2 cells.

¢ The bioactivity properties of the BG-coated alumina
scaffold were significant since they exhibited
acceptable cell attachment and cell growth. The
results of experiments confirmed the application of
the prepared scaffold in bone regeneration field.
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