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Abstract— In this work, hybrid scaffold materials 
composed of gelatin and Bioactive Glass (BG) have been fabri-
cated. BG particulates in the ternary system SiO2-CaO-P2O5 
have been synthesized initially using the sol-gel method. The 
gelatin/BG scaffolds were shaped by a freeze-drying process 
obtaining homogeneous and reproducible final macroporous 
structures. BG particulates precursor and the final hybrid 
macroporous structures (scaffolds) were characterized using 
Field Emission Scanning Electron Microscopy (FE-SEM), 
Energy Dispersive X-ray Analysis (EDX), X-ray diffraction 
(XRD) and thermal analysis. Finally, the scaffolds were es-
sayed in Simulated Body Fluid (SBF) in vitro showing a bioac-
tive response. 
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I. INTRODUCTION  

Population aging and enhance one's quality of life is de-
manding new approaches and therapies for bone reparation 
and regeneration. At present, bone substitutes are often 
required to replace defected tissue generated by disease, 
aging or trauma [1]. Tissue Engineering (TE) is a very 
promising option which has the potential to overcome the 
problem providing the development of constructs to be 
implanted for the repair or regeneration of injured or dam-
aged tissues. As well as in natural tissues, cells, extracellu-
lar matrix (ECM) and signaling molecules are the basic 
elements of TE. Bone is a tissue whose special architecture 
has allowed a fast development of its associated TE. The 
fundamental constituents of bone are cells and the extracel-
lular matrix (ECM). This ECM is a biphasic or hybrid ma-
trix composed of organic and inorganic elements. The or-
ganic phase is mainly formed by collagen type I fibbers 
which correspond to the 90% of the total bone protein. The 
main component of the inorganic phase is calcium carbon-
ate phosphate in the form of spindle or plate-shaped crystal-
line hydroxyapatite (Ca18.3−0.7(PO4)4.3(HPO4, CO3)1.7 
(2OH,CO3)0.15) [2]. It is this combination of the calcium 
phosphate mineral phase, collagen fibers and living cells 
which gives the bone its outstanding properties of hardness, 
toughness and self-renewal capacity [3].  

The fabrication of synthetic bone extracellular matrix us-
ing calcium phosphates and natural polymers such as colla-
gen or gelatin has leaded to the appearance of an entire field 
of biomaterials research. Gelatin (denatured form of colla-
gen) has greater availability and it is easier and cheaper to 
obtain than collagen. Gelatin keeps collagen chemistry and 
amino acids polymeric architecture and it is readily reab-
sorbable by the body.  

Calcium phosphates and bioceramic materials as trical-
cium phosphate (TCP) or synthetic hydroxyapatite (HA) 
have a composition very close to the natural mineral of the 
bone. These materials are biocompatible which have been 
proved to enhance the bone growth [3,4]. However, studies 
in vivo have shown that bioactive glasses are the materials 
which are fixed more efficiently and rapidly in bone regen-
eration [5]. Bioactive glasses were discovered by Larry 
Hench’s in 1969 when he found that a particular glass com-
position (45S5 Bioglass®) was able to form a chemical 
bond with bone [6]. Hench defined as bioactive material 
which one has the ability to bond and fix spontaneously in 
the body with the living tissue without the formation of a 
fibrous interface layer or capsule [7]. 

 In bone TE the scaffold must act as a three-dimensional 
temporary template to guide the bone repair stimulating the 
natural regenerative mechanisms of the human body. The 
scaffolds should have a high porosity in the macropore 
range (100-500 μm) to facilitate cellular migration and 
vascularization, a proper mechanical integrity and biocom-
patibility, and their degradation rate should match the rate 
of neotissue formation. The scaffold should promote osteo-
conductivity (bone cell attach along the material surface 
from the bone–implant interface) and osteoinductivity  
(stimulates new bone formation) [8].  

In this work, the fabrication of macroporous architectures 
based on gelatin/bioactive glass have been investigated 
using freeze-drying processing techniques. Different pro-
cessing parameters as the gelatin hydrogel concentration, 
the processing cooling rate and the molding container con-
figuration have been modified to study their influence in the 
final volume fraction porosity  [10,11] and  pore architec-
ture [12-14] of the full gelatin (BG free) materials. From 
this preliminary study, selected parameters were used to 
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prepare the gelatin/BG hybrid scaffolds. Final scaffolds 
were characterized in terms of composition, porosity, mac-
rostructure and bioactivity in vitro. 

II. MATERIALS AND METHODS 

A. Bioactive glass synthesis 

The Bioactive Glass (BG) particulate precursor was pre-
pared using the reactants ratios as reported by Yan et al. 
[15]. Ethanol absolute (AnalaR Normapur) and 0,5 M HCl 
solution (Panreac, PA-ACS-ISO 37%) were mixed. The 
reactants Ca(NO3)2·4H2O (Sigma-Aldrich), triethyl phos-
phate (TEP, (C2H5O)3PO, Sigma-Aldrich) and tetraethyl 
orthosilicate (TEOS, C8H20O4Si, Alfa Aesar) were added 
with a molar ratio of Si/Ca/P of 80:15:5 (or Si/Ca/P  = 
76:13:11 in weight ratio). The mixture (sol) was undergone 
an evaporation-induced self-assembly (EISA) process to 
form a gel. The gel was aged at 75ºC and then heating at 
700ºC to obtain the final BG product which was ground to 
prepare the final particulate precursor.   

B.  Preparation of the Gelatin/BG hybrid scaffolds 

The gelatin was dissolved in de-ionized distilled water at 
a concentration of 2.5% (w/w) and stirred for 1h at 40ºC. 
Amounts of particulate BG were blended with gelatin water 
solution in 50% w/w, Fig.1a. The mixture was homogenized 
by stirring for 30 minutes. The resulting solution was 
poured into a Petri dish and kept at 4ºC to produce a gel 
(Fig. 1b). A punch was used to obtain the scaffolds with 
12mm diameter and 2mm height. The structures were cross- 

 
 

 
 

Fig.1  Schematic diagram of the scaffolds fabrication. Amounts of particu-
late MBG were blended with gelatin water solution (a). Pouring into a Petri 

dish and shaping the scaffolds (b). Crosslinking (c). Freeze-drying (d). 
Final porous gelatin/BG scaffold (e) 

linked by immersion in 0.25%v/v glutaraldehyde (GA) 
aqueous solution (Fig. 1c) and freeze-dried with a freeze 
rate of 1ºC/min to -20ºC and held at this temperature under 
a vacuum of 0.04mbar for 24 hours (Fig. 1d). 

C. Characterization of the BG particulates and the 
Gelatin/BG scaffolds 

The particle size distribution (PSD) of the BG particu-
lates was measured using the laser scattering method. A 
MalvernSizer Laser Diffraction (LD) instrument using ac-
tive beam length of 2.4 mm and a 300-RF lens was used. X-
ray diffraction (XRD) analysis was performed with a 
PANanalytical X´Pert PRO diffractometer using Cu-Kα 
radiation (λ = 0.154187 nm). The diffractometer was oper-
ated at 45 kV and 40 mA. Wide-angle X-ray diffraction 
(WXRD) patterns were recorded using a step size of 0.02 º 
and 800 s exposure time.  BG particulate precursor and 
scaffolds were evaluated with an HITACHI S-4800 Field 
Emission Gun Scanning Electron Microscope (FEG-SEM). 
The compositional analysis of the BG was performed by X-
Ray Fluorescence (XRF) using the Spectrometer Panalytical 
(AXIOS model). Thermo gravimetric (TG) and differential 
scanning calorimetry (DSC) analysis were carried out using 
an automatic thermal analyzer system (model SDT Q600). 
The total porosity of the hybrid scaffolds, P was calculated 
by the Eq. 1.  

 relative
solid

scaffoldP ρ
ρ
ρ

−=−= 11  ,         (1)  

The density of the scaffold (ρscaffold) was determined from 
the mass and dimensions of the final material pieces. The 
density of the solid (ρsolid) was estimated using the quantita-
tive analysis of the each component and the solid density 
values for the gelatin (ρgelatin = 1.037 g·cm-3) [24] and BG 
(ρBG= 2.321 g·cm-3, estimated using quantitative analysis). 
The assessment of the scaffolds bioactivity was carried out 
by soaking in Simulated Body Fluid (SBF) [16]. Each piece 
was immersed in 15 ml of SBF in polyethylene container 
for 3 days at 36.5°C. After the treatment, the scaffolds were 
washed thrice in distilled water and freeze-dried. Bioactivity 
was assessed by FE-SEM, EDX and XRD analysis.  

III. RESULTS AND DISCUSSION 

A. Characterization of the BG particulates  

Particle size distribution of the BG is shown in Fig. 2a. 
The plot shows a bimodal distribution (pink) which was 
deconvoluted using a Gaussian function by the Origin soft-
ware. Deconvolution results (blue) show two symmetric dis- 
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Fig. 2 Particle size distribution (a) and DTA curve (b) of the BG precursor 
particulates 

tributions of 54 and 46 area %, with maximum at 7 and 47 
μm respectively. The XRD analysis confirmed that the BG 
particulates were XRD  amorphous as no diffraction peaks 
were observed apart from a broad band between 18 and 40º 
(2θ) as it has been reported previously [17,18]. The quanti-
tative analysis of the BG indicates a final composition of 
87SiO2/10CaO/3P2O5 wt. %. The elemental quantitative 
analysis indicates that a lower percentage of P and Ca than 
expected from the from the reactants precursor ratio. The 
TGA (Fig. 2b) of the BG shows a mass loss of only 2% 
which would correspond to the removal of the material 
moisture. The DSC (Fig. 2b) shows a typical endothermic 
event at 580ºC characteristic of the glass transition tempera-
ture. Both, DSC showing the glass transition temperature 
and the amorphous diffraction pattern confirm the obtention 
of a glass material.   

B. Characterization of the Gelatin/BG hybrid scaffolds 

The final macropore structure of the gelatin scaffolds 
(BG free) is presented in Fig. 3. The results show that the 
macropore size decreases with the increasing amount of 
gelatin (Fig. 3a and b). Also, the pore size decreases with 
the increasing freezing rate (Fig 3a and c). An orientated 
pore alignment has been achieved using shaping moulds 
consisting on the combination of various materials which 
have different thermal conductivities [12] (Fig. 3a and d). 
From this preliminary work, a selection of parameters was 
made to prepare the gelatin/BG hybrid scaffolds. These 
parameters were 2.5 wt.% gelatin concentration, a freezing 
rate of 1ºC/min and the mould consisting on polystyrene 
(PS). The total porosity of the hybrid gelatin/BG scaffolds 
was measured as 95%±0.427. FE-SEM observations and 
EDX analysis of the total cross-section of these scaffolds 
are shown in Fig. 4. The FE-SEM images indicate an ho-
mogeneous macroporous structure in terms of size and 
macropore shape or morphology. The size of the macropore  

 
Fig. 3   FE-SEM images of full gelatin system study. 2.5% gelatin, cooling 

rate of 1ºC/min and mould of polystyrene (PS) (a),  5% gelatin, 1ºC/min 
and mould of PS (b), gelatin 2.5%, freezing rate of 2ºC/min and mould of  

PS (c) and 2.5% gelatin, 1ºC/min and mould of PS and aluminum (d) 

 
Fig. 4 FE-SEM images of the gelatin/BG scaffold and EDX mapping of the 

scaffolds 

was measured in the range from 100 to 500 μm. Hence, both 
final total porosity and macropore size of the fabricated 
scaffolds were in the required values generally agreed in the 
literature, of a porosity of 50% or higher and macropore 
size of 100 µm or higher, to permit tissue ingrowth. The 
EDX analysis of Ca, Si and P showed that the BG compo-
nents are equally distributed within the scaffold cross-
section. 

C.  Bioactivity test in vitro 

Fig. 5a shows a FE-SEM image of the hybrid scaffold af-
ter 3 days in SBF treatment. As can be seen in the image, 
needle-shaped crystal aggregates characteristics of hy-
droxyapatite are formed on the surface of the scaffolds. The 
crystal size was measured by image analysis showing values 
of about 200 nm. Also, the XRD pattern obtained after SBF 
(Fig. 5b) matched well with the hydroxyapatite phase accor- 

a b

c d
0 20

2

4

V
ol

um
e 

(%
)

Log10particle size (μm)
0 200 400 600 800 1000

0

50

100

-4

-2

0

 

H
eat flow

 (W
/g)

W
ei

gh
t (

%
)

Temperature (ºC)

EXO
a b



4 

Borrego-González_ADC 
 

 
Fig. 5 FE-SEM images of the immersed scaffolds in SBF showing the 

hydroxyapatite crystals aggregates (a); and the WXRD analysis (b) 
 
ding to the ICCD database (JCPDS 046-0905). The broad 
asymmetric peak with high intensity around 30-35 2θ may 
consists of four overlapping peaks, which could be assigned 
to HA characteristic triplet for the reflections (211), (112), 
and (300), with the (202) reflection appearing as a faint 
shoulder at 33.9 2θ [18, 20]. A control bioactivity experi-
ment using a full gelatin scaffold (BG free) was performed. 
In this experiment, no hydroxyapatite formation was ob-
served after 30 days in SBF treatment. This comparison 
between the positive bioactive response of the hybrid scaf-
folds and the negative response of the BG free full gelatin 
scaffolds experiment confirmed the incorporation of the BG 
particulates improves the bioactivity of the gelatin hy-
drogels. It is important to remark that although the obtained 
gelatin/BG structures have a high volume percentage of 
porosity and macropores in the 100-500 μm range size, 
there is another important requirement as the macropore 
cavities interconnection which has not been high enough 
and must be improved. In their respect encouraging results 
have been obtained using a PS/Aluminium mould configu-
ration (Fig. 3d). 

IV. CONCLUSIONS 

This work has shown the fabrication of homogeneous 
and reproducible gelatin/BG hybrid scaffolds. The porosity 
of the fabricated scaffolds was 95% and the macropore size 
was between 100-500µm. The results indicated that the 
introduction of the BG particulates in the full gelatin scaf-
fold promotes the bioactive response in vitro. 
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