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Abstract. The aim of this study was to assess the characteristics of the CaP/Col composites, in powder and fiber form, via
scanning electron microscopy (SEM), pH and calcium release evaluation after immersion in SBF and to evaluate the performance of these materials on the bone repair process in a tibial bone defect model. For this, four different formulations (CaP
powder – CaPp, CaP powder with collagen – CaPp/Col, CaP fibers – CaPf and CaP fibers with collagen – CaPf/Col) were
developed. SEM images indicated that both material forms were successfully coated with collagen and that CaPp and CaPf
presented HCA precursor crystals on their surface. Although presenting different forms, FTIR analysis indicated that CaPp and
CaPf maintained the characteristic peaks for this class of material. Additionally, the calcium assay study demonstrated a higher
Ca uptake for CaPp compared to CaPf for up to 5 days. Furthermore, pH measurements revealed that the collagen coating
prevented the acidification of the medium, leading to higher pH values for CaPp/Col and CaPf/Col. The histological analysis
showed that CaPf/Col demonstrated a higher amount of newly formed bone in the region of the defect and a reduced presence
of material. In summary, the results indicated that the fibrous CaP enriched with the organic part (collagen) glassy scaffold
presented good degradability and bone-forming properties and also supported Runx2 and RANKL expression. These results
show that the present CaP/Col fibrous composite may be used as a bone graft for inducing bone repair.
Keywords: Composite, calcium phosphate, collagen, fibers, bone repair

1. Introduction
Bone tissue engineering (BTE) and the development of synthetic bone grafts have been emerging as
a potential alternatives to the use of autologous bone mainly due to their biocompatibility, safety and
osteogenic properties [1,2]. One of the crucial points to be considered in BTE is the use of appropriate materials in the construction of tissue-engineered products. Composition and presentation of the
material, influence cell adhesion, proliferation and differentiation, determining the success of bone implant [3]. Furthermore, is desirable that synthetic bone grafts chemically, structurally and mechanically
mimic natural bone, being constituted by an organic and an inorganic phase [4].
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In this context, bioceramics, a broad range of inorganic/non-metallic compositions [5], can serve as
the inorganic bone phase and include hydroxyapatite, bioactive glasses (BGs) [6,7], such as Biosilicate®
[8] and others [9–11]. Similarly, one of the most common material ceramic used is calcium phosphate
(CaP). CaP presents excellent osteoconductive properties and can be used in an injectable way, allowing
the use of a minimally invasive surgical procedure during clinical use [12,13].
In addition, the incorporation of an organic component into the inorganic phase of the material is
strongly desirable to better approximate the bone graft substitute to the structure of bone tissue [4]. In
this context, some authors have been introducing collagen to the CaP, which might represent a promising
way of improving the biological performance of the material. Collagen is a natural structural protein that
cells can attach to and it is bioabsorbable, with a low immunogenicity [4]. Mate-Sanches del Val et al.
[14] observed an improved bone contact implant into the bone deffect area in femurs of rabbits treated
with a porous scaffold manufactured from hydroxyapatite and CaP, enriched with collagen.
Besides the composition, another important point for the success of the graft is the material structure
[15]. In BTE, material in powder and porous scaffolds serving as support of tissue formation are commonly used, being able of producing cell adhesion and angiogenesis [16,17]. Although the advantages
of these presentations, in most cases, they do not have the ability of acting as fillers for bone defects with
irregular shapes [18]. In this context, the possibility of molding a material which can fill bone defects and
fractures of different sizes and forms, are a very desirable characteristic required for grafts [19]. These
characteristics have been demonstrated by fibrous porous materials [20]. Furthermore, fibrous materials
have been demonstrating the ability of stimulating cell attachment and growth, promoting newly bone
formation and mineralization [21]. Thus, the obtainment of malleable fibers from bioceramics enriched
with collagen seems to be a promising therapeutic approach for using in bone tissue engineering.
With the aim of developing a material able of mimicking bone tissue composition, a composite associating CaP (inorganic part) and collagen (organic part) was manufactured [22] and presented in a fibrous
malleable way. It was hypothesized that this bone-like material would present an improved biological
performance compared to CaP alone and to the material in powder. Consequently, the present study
had 2 aims: first, to assess the biological performance of the introduction of collagen into CaP samples
using a tibial bone defect model in rats. Second, to investigate and to compare the effects of CaP and
CaP plus collagen in powder (p) and in fibers (f), using the same animal model. To this end, pre-set
samples in 4 different formulations (CaP powder: CaPp, CaP powder enriched with collagen: CaPp/Col,
CaP fibers: CaPf and CaP fibers enriched with collagen: CaPf/Col) were analyzed via scanning electron
microscopy (SEM), pH and calcium release evaluation after immersion. Moreover, the histopathological
and immunohistochemistry analysis were performed using a tibial bone defect model in rats.

2. Materials and methods
2.1. Materials
2.1.1. CaP powder (CaPp)
CaP used in this study contained 60.0 wt% of P2 O5 and 40.0 wt% of CaO, with P2 O5 (Vetec, 97.0
wt%) and CaO (Nuclear, 95.0 wt%) as precursor compounds. For manufacturing, reactants were mixed
in a glass reactor. Initially 500 ml of P2 O5 (6.0 wt%) solution was deposited in the reactor, followed
by the addition of 500 ml of CaO (4.0 wt%) solution. Afterwards, the solution was dried for 7 days, at
60°C and milled to powder grain in an agate mortar (particle sizes of 250 µm). Powder was weighed
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and mixed for 30 min in a polyethylene bottle. Premixed batches were melted in a alumina crucible at
a temperature of 1500°C (Lindberg Blue vertical super kanthal furnace – USA) [23–25]. The melting
time was fixed as 2 h. Samples were quenched in deionized water and milled to powder grain (with sizes
ranging from 260–600 µm). No annealing was performated. Samples were cast into a 10 mm × 30 mm
cylindrical graphite mold, quenched in deionized water and milled to powder grain (270 µm).
2.1.2. CaP fibers (CaPf)
Fibers were obtained using the same process described above. However, in spite of quenching in water,
the melt was quenched in a Hager-Rosengarth apparatus [26,27]. The Hager-Rosengarth process leads
the melt to a centrifugal acceleration, leaving the centrifuging disc and cooled in air which is flowing
together with the fiber due to this angle speed [28].
2.1.3. Collagen (Col)
Collagen type I (Col I) used in this study was provided by Consulmat (São Carlos, Brazil). Col I from
bovine bone was obtained in three main steps: (i) demineralization of bovine cortical bone in chloridric
acid (HCl); (ii) dissolution of the cortical bone collagen in 0.5 M acetic acid (C2 H4 O2 ) at 40°C and (iii)
pH adjustment with ammonium hydroxide (NH4 OH). Granules < 270 µm were obtained.
2.2. Composite preparation
2.2.1. Enrichment of CaP powder with Col (CaPp/Col)
Layers of Collagen and CaP powder were alternately deposited on a substrate (Petri dish) insomuch
that the resulting particles were completely coated by Col. Samples were dried during 48 hours in an
oven at 40°C and the composite was milled to obtain powder.
2.2.2. Enrichment of CaP fibers with Col (CaPf/Col)
For the fibrous composition enriched with collagen, the collagen solution was homogeneously sprayed
on the fibers tappet until it had acquired the wet appearance. Subsequently, the material was dried for 48
h at 40°C.
2.2.3. Preparation of the pre-set composites
Four experimental groups were created: CaPp, CaPp/Col, CaPf and CaPf/Col. All the samples were
analyzed using SEM. Before use, the pre-set composites were sterilized by γ -radiation with a minimum
dose of 25 kGy (Isotron B.V., Ede, The Netherlands). Before use, the materials were sterilized using a
25 kGy dose of gamma irradiation (IPEN, São Paulo, Brazil).
2.3. Characterization of the composites
2.3.1. Material characterization
Pre-set composites were first examined by SEM observation. The pre-set composites were mounted
on aluminum stubs using carbon tape and sputter-coated with gold/palladium prior to examination.
2.3.2. Fourier transform infrared spectroscopy (FT-IR)
FT-IR (Thermo Nicolet Nexus 4000, USA) was performed to evaluate the chemical bonds present in
the materials. The examinations were done in the range of 400–1800 cm−1 with a resolution of 2 cm−1 .
The samples were scanned 128 times for each measurement and the spectrum acquired was the average
of all these scans.
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2.3.3. Calcium assay
The Ca release/uptake capacity of the materials, CaPp and CaPf, was evaluated according to Kokubo
and Takadama [29]. The samples (0.05 g) were placed in glass vials containing 3 mL of Simulated Body
Fluid (SBF) at 37°C on a shaker table (70 Hz) for up to 5 days, with refreshment on days 1, 3 and 5.
Subsequently to each refreshment, the solution of the previous period was saved for analysis of the
calcium content in SBF by the orthocresolphtalein complexone (OCPC) assay [30]. These solutions were
incubated overnight in 1 mL of 0.5 N acetic acid on a shaker table. For analysis, 300 µL working reagent
was added to 10 µL sample or standard in a 96-well plate. Thereafter, the well plate was incubated
for 10 min at room temperature. The absorbance was measured on a microplate spectrophotometer at
570 nm (Molecular Device, SpectraMax M5, Sunnyvale, CA, USA). The standards (between 0 and
100 µg mL−1 ) were prepared using a CaCl2 stock solution. Data were acquired from triplicate samples
and measured in duplo. The Ca depletion was plotted cumulatively, measuring the difference between
the Ca concentration in the sample-free SBF control solutions and the SBF solution in the presence of
the different bioactive glass forms.
2.3.4. pH measurements
After each experimental period, the pH of the SBF solutions in contact with the materials was measured (n = 3) utilizing a pH electrode (Tecnal T.E.C-51, Piracicaba, Brazil).
2.4. Surgical procedure
Forty young adult male Wistar rats (12 weeks old; weight 295 ± 29 g) were used as experimental animals and randomly distributed into the following groups (n = 10): CaPp, CaPp/Col, CaPf and CaPf/Col.
The animal experimental plan was reviewed and approved by the Experimental Animal Committee of
the Federal University of Sao Paulo (CEUA N 174679) and national guidelines for the care and use of
laboratory animals were observed.
Anesthesia was induced and maintained by Isoflurane inhalation (Rhodia Organique Fine Limited).
In order to minimize post-operative discomfort, buprenorfine (Temgesic; Reckitt Benckiser Health Care
Limited, Schering-Plough, Hoddesdon, UK) was administered intraperitoneally (0.02 mg/kg) directly
after the operation and subcutaneously for 2 days after surgery. For inserting implants into the tibial
defects, the animals were immobilized on their back and both hind limbs were shaved, washed and
disinfected with povidone-iodine. After exposure of the medial compartment of the tibia, a 1.0 mm pilot
hole was drilled. The hole was gradually widened until a final defect size of 3 mm in width was reached.
Low rotational drill speeds (max. 450 rpm) and constant physiologic saline irrigation were used. After
preparation, the defects were thoroughly irrigated and packed with sterile cotton gaze to stop bleeding.
Surgery was performed in both legs of the rats and one defect was created in each tibia. The sterilized
compositions were placed in the created defect up to its complete filling (n = 10 per experimental
group). Thereafter, the wound was closed with resorbable Vicryl® 5–0 (Johnson & Johnson, St. StevensWoluwe, Belgium) after which the skin was closed by staples (Agraven® ; InstruVet BV, Cuijk, The
Netherlands). After 2 weeks of implantation, rats were sacrificed by CO2 asphyxia. The tibias were
collected for analysis.
2.5. Histological procedures
For the histopathological, morphometrical and imunohistochemical analysis, the tibiae were harvested
and fixed in 10% buffer formalin (Merck, Darmstadt, Germany) for 24 hours. They were decalcified

F.R. Ueno et al. / Calcium phosphate fibers coated with collagen

263

in 10% EDTA (Merck) and embedded in paraffin blocks. Five-micrometer cortical bone slices were
obtained with a microtome (Leica Microsystems SP 1600, Nussloch, Germany). The slices were cut
perpendicularly to the medial-lateral drilling axis of the implant. At least three non-consecutive sections
of each specimen were stained with hematoxylin and eosin (H.E. stain, Merck) and used for analysis.
2.6. Histopathological analysis
Histopathological evaluation was performed under an optical microscope (Olympus, Optical Co. Ltd,
Tokyo, Japan). The area of the bone defect was qualitatively evaluated considering the inflammatory process, granulation tissue and newly formed bone. At least three sections of each specimen were examined
for each specimen.
2.7. Histomorphometry analysis
Histological sections were quantitatively evaluated via computer-based image analysis techniques
(Axiovision 3.0.6 SP4, Carl Zeiss, Jena, Germany). Digitalized images of the defect (×20) were obtained and the amount of newly formed bone was determined within three regions of interest inside
the defect site: ROI1 (upper left border, 1.07 × 106 µm2 ), ROI2 (lower left border, 1.07 × 106 ), and
ROI3 (central region of the right border, 1.07 × 106 ) [31,32]. The mean tissue area (T.Ar) analyzed was
9.5 × 106 ± 1.7 × 105 µm2 . The static indice of bone volume as a percentage of tissue volume (BV/TV,
%) was used for the analysis.
2.8. Immunohistochemistry analysis
For the immunohistochemical analysis, xylene was used to remove the paraffin from the serial sections. After this procedure, the sections were rehydrated in graded ethanol and pretreated in a microwave
(Electrolux, São Paulo, Brazil) with 0.01 M citric acid buffer (pH 6) for three cycles of 5 min each at
850 W for antigen retrieval. The resulting material was pre-incubated with 0.3% hydrogen peroxide in
phosphate-buffered saline (PBS) solution for 5 min in order to inactivate the endogenous peroxidase.
Then, the samples were blocked with 5% normal goat serum in PBS for 10 min. The specimens were incubated with anti-Runx2 polyclonal primary antibody (code: sc-8566, Santa Cruz Biotechnology, USA)
at a concentration of 1:200, and anti-RANKL polyclonal primary antibody (code: sc-7627, Santa Cruz
Biotechnology, USA) also at a concentration of 1:200. Incubation was carried out overnight at 4°C in a
refrigerator. This step was followed by two washes in PBS for 10 min. The sections were then incubated
with biotin conjugated secondary antibody anti-rabbit IgG (Vector Laboratories, Burlingame, CA, USA)
at a concentration of 1:200 in PBS for 1 h. The sections were washed twice with PBS followed by the application of preformed avidin biotin complex conjugated to peroxidase (Vector Laboratories) for 45 min.
The bound complexes were visualized by the application of a 0.05% solution of 3-3 -diaminobenzidine
solution and counterstained with Harris hematoxylin (Sigma-Aldrich). For control studies of the antibodies, the serial sections were treated with rabbit IgG (Vector Laboratories) at a concentration of 1:200 in
place of the primary antibody. Additionally, internal positive controls were performed with each staining
bath. Runx2 and RANKL immunoexpressions were evaluated qualitatively in order to assess the presence (or absence) and region of occurrence of the immunomarkers. Three sections of each specimen
were examined with a light microscopy (Leica Microsystems AG, Wetzlar, Germany).
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2.9. Statistical analysis
Statistical analyses of material degradation and bone formation were performed using SPSS, version
16.0 (SPSS Inc., Chicago, IL, USA). The statistical comparisons were performed using a one-way analysis of variance (ANOVA) with a Tukey multiple comparison post-test. Differences were considered
significant at P -values <0.05.

3. Results
3.1. Material characterization
SEM evaluation of the different materials are depicted in Fig. 1. As expected, CaP particles with diverse sizes could be observed (Fig. 1A and B). Additionally, crystals were observed on the CaP particles
(Fig. 1A) and, in regards to CaPp/Col, particles aggregates were observed due to the collagen coating
(Fig. 1B). Furthermore, SEM micrographs showed that CaP fibers were successfully obtained from the
CaP precursor (Fig. 1C). These fibers were randomly positioned, presenting different diameters (ranging
from 500 nm to 1 mm) (Fig. 1C and D). CaPf, as found for CaPp, also showed crystals on their surface
(Fig. 1C). After coating with collagen, the CaPf/Col presented some rougher parts and crystals could not
be observed (Fig. 1D).

Fig. 1. SEM micrographs of the different materials: CaPp (A); CaPp/Col (B); CaPf (C); CaPf/Col (D). CaP particles (p), CaP
fibers (f), crystals (arrows) and collagen (). 500× magnification. Bars represent 50 µm.

F.R. Ueno et al. / Calcium phosphate fibers coated with collagen

265

3.2. Fourier transform infrared spectroscopy (FT-IR)
Figures 2 and 3 show the FT-IR spectra for both forms of CaP. A corresponding P–O link to the CaP
amorphous arrangements can be observed. Furthermore, there is indication of chemical bonds associated
with asymmetrical PO4 3− in both materials, which also indicates the material amorphous characteristic.
On the other hand, there are bonds associated with OH− groups for both material forms (indicated by
“4” and “5” in Figs 2 and 3). This fact is especially clear for the peak at 840 cm−1 which appears to be
shifted to the right side with wider distribution for the derivative forms.
3.3. Calcium assay
The calcium assay for CaPp and CaPf samples was assessed by measuring quantitatively the calcium
concentration as a function of soaking time (Fig. 4). Both forms of the material, presented at day 1
an initial Ca uptake with statistical difference between groups (p = 0.049). At day 3, CaPp and CaPf
presented some Ca release into the medium, with statistically different Ca values for CaPp (∼119 µg)
compared to CaPf (∼763 µg; p = 0.0049). At the last time point, Ca uptake for both groups was noticed,
being statistically higher in CaPp (∼2929 µg) compared to CaPf (∼972 µg; p = 0.036).
3.4. pH measurements
Figure 5 demonstrate the pH values for all experimental groups up to 5 days. Similar behaviors were
found for CaPp and CaPf, with values ranging between 4.4 and 5.9. Following the same line, similar
behaviors were found for CaPp/Col and CaPf/Col, with values ranging between 6.2 and 7.5. Statistical
differences for pH values were observed for CaPf/Col compared to CaPp at all time points (p < 0.05,
Fig. 5). No other difference was observed among groups (p > 0.05).

Fig. 2. CaP fine powder (270 µm) FTIR spectrum.
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Fig. 3. CaP fibers FTIR spectrum.

Fig. 4. Calcium assay for CaPp and CaPf immersed in SBF for up to 5 days. (*) CaPp compared to CaPf after 1 (p = 0.049),
3 (p = 0.049) and 5 days (p = 0.036) of incubation.

3.5. Histological analysis
Representative histological sections of all experimental groups after 15 days of implantation are depicted in Fig. 6.
In CaPp, it was observed a delimited area of the defect, which was filled with CaP particles of different sizes distributed throughout the defect region (Fig. 6A). In this group, among the CaP particles
newly formed bone and granulation tissue was observed (Fig. 6E). In CaPp/Col similar results to the
CaPp group were found (Fig. 6F). For CaPf, a reduced amount of material was observed, with granulation tissue and newly formed bone around the material particles and filling the area occupied by the
material compared to CaPp and CaPp/Col (Fig. 6G). For CaPf/Col, bone defect was filled mainly with

F.R. Ueno et al. / Calcium phosphate fibers coated with collagen

267

Fig. 5. pH measurements of SBF solution in contact with all compositions for up to 5 days. (*) CaPf/Col compared to CaPp
(p < 0.05).

Fig. 6. Histological sections of all groups after 15 days of implantation. CaPp (A), CaPp/Col (B), CaPf (C) and CaPf/Col (D).
Newly formed bone (b), defect line (L). Magnification of 2.5×. Dashed box indicates the selected region for analysis at a
higher magnification of 20×. CaPp (E), CaPp/Col (F), CaPf (G), CaPf/Col (H). Newly formed bone (b), powder (p), fibers (f),
granulation tissue (Tg). Hematoxylin–Eosin staining.

newly formed bone and granulation tissue. It is possible to observe that, the material fibers were almost
completely degraded (Fig. 6D).
3.6. Histomorphometry
Figure 7 demonstrates the means and SE of the newly formed bone of the experimental groups after
15 day of implantation.
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Fig. 7. Bone volume as a percentage of tissue volume. *CaPf/Col compared to CaPf (p < 0.05).

The histomorphometry indicated that CaPf/Col presented a significant increased in the amount of
newly formed bone compared to CaPf (p < 0.05). No other difference was observed among groups
(p > 0.05, Fig. 7).
3.7. Immunohistochemistry
Runx2 immunoexpression was predominantly detected in the granulation tissue at the edges of the
bone defect and around the materials for all groups (Fig. 8). In some samples, osteoblasts cells were also
immunomarked for all groups. Similarly to Runx2, RANKL immunoexpression was mainly verified in
the granulation tissue at the edges of the bone defect and around the materials for all groups (Fig. 9).
4. Discussion
This work aimed to investigate if the introduction of collagen into CaP samples would present an improved biological performance. Moreover, the present study compared the effects of 2 different material
presentation (powder and fibers), via different analysis such as material characterization and biological
evaluation by tibial bone implantation. The hypothesis was that the fibrous material would have a more
adequate morphology and the incorporation of collagen into this material would present a more appropriate structure toward to attract bone cell growth, facilitating bone formation. SEM images indicated
that both material forms were successfully coated with collagen and that CaPp and CaPf presented HCA
precursor crystals on their surface. Although presenting different forms, FTIR analysis indicated that
CaPp and CaPf maintained the characteristic peaks for this class of material. Additionally, the calcium
assay study demonstrated a higher Ca uptake for CaPp compared to CaPf for up to 5 days. Furthermore,
pH measurements revealed that the collagen coating prevented the acidification of the medium, leading to higher pH values for CaPp/Col and CaPf/Col. The histological analysis showed that CaPf/Col
demonstrated a higher amount of newly formed bone in the region of the defect and a reduced presence
of material.
The investigation of the behavior of new biomaterials with osteoconductive properties has been of
great interest in orthopedic and dental fields [33–35]. In addition, it is well known that the tissue response
to an implanted biomaterial is determined by its composition and morphology [36].
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Fig. 8. Representative histological sections of runt-related transcription factor-2 (Runx2) immunohistochemistry. CaPp (A),
CaPp/Col (B), CaPf (C) and CaPf/Col (D). Runx2 immunoexpression (arrow), osteoblast () and biomaterial (*).

Fig. 9. Representative histological sections of activator of nuclear factor kappa-B ligand (RANKL) immunohistochemistry.
CaPp (A), CaPp/Col (B), CaPf (C) and CaPf/Col (D). RANKL immunoexpression (arrow), osteoblast () and biomaterial (*).

The calcium assay showed an increased Ca uptake for CaPp comparing to CaPf for up to 5 days
of immersion in SBF. This event may be explained by the irregular (and increased) material surface
area presented by CaPp, generating a higher material/solution contact, and, consequently, higher Ca
uptake. Accordingly to earlier studies, mineralization preferentially starts within irregular surfaces (i.e.
concavities and recesses) rather than on planar surfaces [37].
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The pH measurements indicated lower pH values for CaPp and CaPf compared to the materials coated
with collagen. This fact is consistent with most of the biomimetic processes, in which are evidenced a
pH decrease of the solution during calcium phosphate precipitation [7,38]. In contrast to that, the present
work showed that the collagen coating prevented the acidification of the medium, and this event may be
pivotal to cell attraction and differentiation toward to the tissue regeneration in the site of injury [39].
Resorption of the bone graft are essential to permit newly formed bone ingrowth [40–42]. As presented
in this study, the histological analysis indicate that the introduction of collagen into the fibrous CaP
material determine the acceleration of the degradation rate of the material, which substantially stimulate
the formation of bone into the defect area. The incorporation of collagen into CaP ceramic matrix may
constitute a way of improving biological performance of the bone graft, adding an organic phase of the
material [14]. Authors demonstrated that collagen promotes an earlier recruitment and attachment of
cells to the biomaterial, allowing bone cell growth and new bone deposition [14,43]. Beside the material
composition, the structure of bone substitutes is also important. Fibrous and high porous scaffolds, in
general, degrade faster, allowing cell migration, vascularization and tissue ingrowth [44]. Taking all
the results together, the association of CaP and collagen would constitute a bone graft with similar
characteristics to bone tissue, which may have improved the biological performance of the material.
Also, the fibrous structure, associated with the CaP and collagen composite was more beneficial to
stimulate bone deposition.
Concerning the immunohistochemistry, it is noteworthy that Runx2 expression was observed in all
experimental groups. Runx2 immunofactor stimulates the differentiation of mesenchymal progenitors
toward osteoblast cell lineage. Moreover, the upregulation of osteoblastic markers, like osteocalcin, osteopontin and alkaline phosphatase is initiated with Runx2 [45,46]. The presence of this immunomarker
for all groups may have influenced osteoblast cell differentiation and consequently, bone formation and
deposition. However, a more detailed immunohistochemistry analysis needs to be performed, including
quantitative evaluations, to measure the differences among groups. Similarly, RANKL is known as a key
factor for differentiation and activation of osteoclasts [47–49]. Pinto et al. [50] determined that bioglass
(Biosilicate® glass-ceramic) induced a higher RANKL immunoexpression in an experimental bone defects in rats. Similar findings were observed by Kondo et al. [51] who tested b-tricalcium phosphate
(b-TCP) using implantation in femoral condyle of rats. In the present study, it may be suggested that the
presence of RANKL, in all experimental groups, may have stimulated osteoclast activity, which would
have positive effects on bone repair and remodeling.
The results of this initial investigation confirmed the hypothesis that the fibrous composite, coated with
collagen, had an accelerated degradation rate and stimulated newly formed bone deposition, constituting
a promising alternative to be used as bone grafts for tissue engineering. Future investigations should be
performed using different bone defect models such as those of critical-size or compromised situations.

5. Conclusion
In summary, the results indicated that the fibrous CaP enriched with the organic part (collagen)
glassy scaffold presented good degradability and bone-forming properties and also supported Runx2 and
RANKL expression. Additional studies should be performed to provide more information concerning
the late stages of material absorption and bone formation. Further investigations need to be developed to
analyze the biological performance of this composite in different situations such as critical bone defects
to support the use of this promising fibrous material for bone tissue engineering.
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