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Article history: Combining polyester scaffolds with synthetic nanohydroxyapatite (nHAp), which is bioactive and osteo-
Received 16 October 2016 conductive, is a plausible strategy to improve bone regeneration. Here, we propose the combination of
Received in revised form 30 March 2017 PBAT [poly(butylene-adipate-co-terephthalate)] and synthetic nHAp (at 3 and 5wt%). PBAT is a rela-
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Available online 27 April 2017 tively a new polymer with low crystallinity and attractive biodegradability and mechanical properties

for orthopedic applications, however, with a still underexplored potential for in vivo applications. Then,
we performed a careful biological in vitro and in vivo set of experiments to evaluate the influence of PBAT

gegggg;mmg containing two different nHAp loads. For in vitro assays, osteoblast-like MG63 cells were used and the
PBAT bioactivity and gene expression related to osteogenesis were evaluated by qRT-PCR. For in vivo exper-
Nanohydroxyapatite iments, twenty-four male rats were used and a tibial defect model was applied to insert the scaffolds.
Gene expression Micro-computed tomography (Micro-CT) and histological analysis were used to assess e bone neofor-
Micro-computed tomography mation after 6 weeks of implantation. Three point flexural tests measured the mechanical properties of
Bone regeneration the neoformed bone. All scaffolds showed promising in vitro properties, since they were not cytotoxic

against MG-63 cells and promoted high cell proliferation and formation of mineralized nodules. From
a mechanistic point-of-view, nHAp loading increased hydrophilicity, which in turn allowed for a bet-
ter adsorption of proteins and consequent changes in the phenotypic expression of osteoblasts. nHAp
induced better cellular responses on/in the scaffolds, which was mainly attributed to its osteoconductive
and osteoinductive properties. Micro-CT images showed that nHAp at 3% and 5 wt% led to more effective
bone formation, presenting the highest bone volume after 6 weeks of implantation. Considering the three
point flexural tests, 5wt% of nHAp positively influenced the flexural mode of the neoformed bone, but
the stiffiness was similar between the 3% and 5 wt% groups. In summary, this investigation demonstrated
great potential for the application of these novel scaffolds towards bone regeneration and, thus, should

be further studied.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Inrecent decades, the development of natural and synthetic bio-
materials has aroused the interest of researchers around the world
in order to induce and guide fast and controlled tissue regenera-
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represents a major challenge to medical and dental clinics due to a
lack of prolonged bone growth, infection, and other reasons [1-3].
Several techniques have been investigated for the preparation
of improved orthopedic biomaterials, many focused on developing
biologicially-inspired nanometer surfaces. Particulatly, electro-
spinning has been studied as an alternative to produce 3D fibrous
scaffolds due to an ability to mimic the architecture of the bone
extracellular matrix (ECM) [4-6]. Electrospinning presents attrac-
tive features, such as the production of uniform and continuous
ultrathin fibers (100 < diameters < 1000 nm) and nanofibers (diam-
eters <100 nm), whichin turn possess an elevated surface area, high
porosity, interconnectivity and the possibility of large-scale pro-
duction [6-8]. Additionally, electrospinning is considered to be a
simple approach of low-cost and high versatility, since the same
system may be used for processing both natural and synthetic
materials, along with the easy incorporation of functional com-
ponents, such as proteins, growth factors, genes, enzymes, drugs,
bioactive ceramics and others, making the final materials ideal can-
didates for numerous tissue engineering applications [5,6,9,10].

Such electrospun ultrathin and nanometer fibers can be
obtained using a great variety of natural or synthetic polymers
as matrices. In order to produce novel scaffolds, biodegradable
polymers have been extensively investigated [10]. Among them,
synthetic aliphatic polyesters stand out due to their control-
lable biodegradability (PLA [11,12], PGA [13,14], PLGA [15,16],
and PCL[13,17]). However, these polyesters are usually rigid and
highly crystalline, which may impair some in vivo interactions.
Meanwhile, PBAT (poly (butylene adipate-co-terephthalate) is an
interesting polyester due to a high flexibility and elongation-at-
break besides low crystallinity [18,19]. Due to these properties,
PBAT has an adjustable balance between optimal biodegrada-
tion and desirable physical-chemical-properties [18,20,21]. Besides
poor mechanical properties and relatively low bioactivity, PBAT
still presents an underexplored potential for in vivo applications.
In order to solve these drawbacks, some have incorporated specific
nanoparticles into PBAT polymeric matrices for simultaneously
enhancing mechanical and biofunctionality properties of the final
material [22-24].

The synthesized nanohydroxyapatite (nHAp) is similar to that
found in bone in terms of chemical structure and spatial organi-
zation [19,25,26]. The nHAp exhibits excellent biocompatibility,
bioactivity and osteoconductivity [27,28]. Due to these properties,
nHAp has been one of the most highly investigated materials for
the replacement and regeneration of bone tissues [29-31].

It is known that the fine control of surface wettability is key
to obtaining a deep understanding of the processes of biologi-
cal cell integration and the further development of new potential
biomaterials for the tissue engineering community [32]. The wetta-
bility of biomaterials is a crucial factor for promoting select protein
interactions (adsorption as well as bioactivity) and consequently
adhesion of cells, since protein interactions are governed by the
hydrophilic/hydrophobic properties of the biological substrates. In
this context, due to its tunable wettability, nHAp has been widely
used as a substrate for effectively controlling surface wettabil-
ity, protein interactions leading to cell adhesion and consequently
bioactivity properties [32,33].

Several papers have been published using polyesters with dif-
ferent loads of nHAp for bone regeneration purporses [19,34,35].
Recently, Neto et al. performed an in vitro and in vivo evaluation of
electrospun PBAT with different HAp loads. However, these authors
evaluated only in vitro osteocalcin and a sub-cutaneous in vivo
model [19].

Nevertheless, an association between in vitro assays exploring
specific genes related to bone regeneration and an in vivo assay
evaluating bone regeneration using electrospun PBAT with differ-
ent loads of nHAp has not been systematically explored yet. For

this reason, herein for the first time, a careful in vitro evaluation
exploring specific genes related to bone regeneration and in vivo
experiments assessed by micro-computed tomography (Micro-
CT) and three point flexural tests were proposed to analyze bone
neoformation using electrospun PBAT/nHAp composites. We per-
formed a careful investigation examining thoroughly the influence
of nHAp on the final in vitroproperties of the scaffolds, including
wettability, bioactivity, gene expression of osteoblast-like MG-63
and further in vivo evaluation assessed by micro-computed tomog-
raphy (MicroCT) to quantify bone growth and flexural tests to
evaluate bone’s resistance to fracture. Our results open new per-
spectives for the use of electrospun PBAT/nHAp composites as new
implants for bone regeneration.

2. Results and discussion

All the materials and methods are described in the supplemen-
tary data. We observed that melting temperature increased with
nHAp loading and as its concentration increased, whilst no clear
influence was observed on glass transition. On the other hand,
the nHAp loading decreased the degree of cristallinity, which may
be attributed to a certain loss of mobility of the polymer chains,
therefore preventing an ideal aligment of their segments in the
crystal lattices (Fig. 1 and Table 2 described in the supplementary
data). Then, we can evaluate whether nHAp acted as a nucleat-
ing agent or not. After polymer melting, a nucleating agent could
reduce the barrier of free-energy for a primary nucleation, therefore
decreasing the critical nucleus size. As a consequence of lowering
the free enthalpy of nucleation, the crystallization induction time
would also decrease and resultin an increase in the nucleation rates
[19,36].

The electrospinning process is largely used to produce scaf-
folds that can act as support for cell adhesion and proliferation.
For this purpose, the formation of fibers with proper morphology
and distribution is required. The electrospun fibers were ultra-
thin (100 < diameters <1000 nm) and homogeneous (Fig. 1a-c).
After nHAp loading, the fiber average diameter decreased
from 480+ 140nm (PBAT) to 147 +10nm (PBAT/3% nHAp) and
139+ 19 nm (PBAT/5%nHAp). Our group already observed a similar
decrease using carbon nanotubes [37]. Nevertheless, as nHAp was
loaded and its concentration increased, a few bead-like defects can
be observed along the scaffold surfaces, which may be attributed
to the formation of nHAp agglomerates/aggregates during the dis-
solution process.

In the biomedical field, the knowledge of material wettability
can be a prerequisite to obtain a better understading of its poten-
tial applications. A material with high hydrophilicity is always
desirable for tissue engineering applications. We identified that
the nHAp changed the wettability properties of the electrospun
PBAT scaffolds. From the contact angle curves, the advanced con-
tact angle (ACA) values were 115°, 101° and 80° for PBAT, PBAT/3%
nHAp and PBAT/5% nHAp, respectively. Snapshots of the contact
angles are shown at the top of the micrographs, before cell cultiva-
tion (Fig. 1a-c). The high values of ACA, mainly for PBAT, indicated
the hydrophobic character of this polymeric matrix. Some authors
relate surface hydrophilicity to the rate of cell spreading, osteoblast
differentiation and improvement of metabolic activity [38-40].

These results show the possibility of tuning the wettability
of the PBAT matrix by nHAp loading, further generating materi-
als with enhanced hydrophilicity, as shown in Fig. 1a’-c’, where
MG-63 cells were able to adhere to the scaffolds within 1day of
cell culture, exhibiting cytoplasmic extensions and normal cell
morphology. At 7days of contact with the scaffolds, the adher-
ent osteoblasts proliferated and spread, occupying 100% of the
surface, as shown in Fig. 1a”-c”. In these micrographs, typical char-
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Fig. 1. FE-SEM micrographs and respective snapshots of contact angles after 1 s of placement for: (a) PBAT, (b) PBAT/3%nHAp and (c) PBAT/5%nHAp; MG63 cells cultivated
on scaffolds of PBAT and PBAT/nHAp composites with different contents of nHAp after 1 and 7 days of incubation. (a’, a”) neat PBAT; (b’, b”) PBAT/3%nHAp; and (c’, c”)

PBAT/5%nHAD.

acteristics of cytotoxic cellular changes, such as pyknotic nuclei,
fragmented cytoplasm and/or with granulation were not observed.

The best cell adhesion provides the greatest cell density which
increases cell to cell contacts which positively affects osteoblast
proliferation. As these cells are anchorage-dependent (meaning
that they need to adhere to live), a good fixation on the scaffold sur-
face is essential for adhesion and subsequent cell proliferation and
bone formation [41]. Thus, our results indicate that the scaffolds
promoted osteoblast adhesion and proliferation without evidence
of cytotoxicity. As showed (Fig. 2B described in the supplementary
data), the produced scaffolds increased cell viability compared to
the control, corroborating our quantitative measurements of cell
adhesion and proliferation (Fig. 2A described in the supplementary
data). Similar results were obtained in studies evaluating osteoblast
adhesion on PBAT scaffolds for tissue engineering [18,42].

The formation of mineralized nodules was observed by opti-
cal microscopy, which indicated the presence of calcium (Fig. 3a-d
described in supplementary data) after 14 days. Higher concentra-
tions of calcium were found in the scaffold groups in relation to the
control group.Furthermore, all groups containing nHAp, indepen-
dent of the concentration, showed better results compared to neat
PBAT group (Fig. 3e described in the supplementary data), which
corroborated their bioactive properties as reported in a previous
study [43]. Staining with alizarin red is considered an important
tool in osteogenesis because it is an indicator of calcium produc-

tion by mature osteoblastic cells which subsequently mineralize
the extracellular matrix, showing the in vitro formation of nodules
[44]. However, this result alone is not sufficient to infer that the
produced scaffolds are bioactive and then responsible for improv-
ing the osteogenesis process. For this, herein the gene expression
was evaluated. The expression of genes and proteins involved in
osteogenesis are important parameters to demonstrate an in vitro
osteoblast phenotype [45]. In vitro bone formation involves the ini-
tial synthesis of a collagen matrix, subsequently mineralized by
proteins secreted by mature osteoblasts [46,47].

For the analysis of gene expression in this study, genes involved
in osteogenesis were selected to provide perspective of this mate-
rial as a scaffold for bone regeneration. All groups were subjected to
quantitative PCR assay in real-time (qQRT-PCR) for 3 reference genes,
[3-actin, GAPDH and 18s. 3-actin was chosen to be the reference
gene because it presents greater stability during the experimental
conditions and it was used to normalize all the results (Fig. 2).

Alkaline Phosphatase (ALP) is a marker of osteogenic differenti-
ation. The increase of its expression occurs in mature osteoblasts, as
we can observe at 7 days of cell culture, where all scaffolds showed
an increase in ALP expression in relation to the control group
(p<0.001), indicating the maturation of MG-63 cells in this period.
However, among the scaffolds, there was a significant difference
between the PBAT group and the PBAT/3% nHAp (p<0.001) and
PBAT/5% nHAp (p<0.05) groups. At 14 days, there was a decrease
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Fig. 2. qPCR. Relative expression (A) ALP; (B) COL 1; (C) OC; (D) OPN and (E) Runx2 at 7, 14 and 21 days of cell culture. All values were reported as mean +SD (n=5). Data
were normalized by its expression in a control well (Control = 1). The letters are related to significant differences for p <0.05. (ANOVA, post-test Tukey).

of ALP expression in the scaffolds groups, however without sta-
tistical difference between them. We identified that PBAT and
PBAT/5%nHAp groups showed higher expression of ALP than the
control group. A decrease in ALP expression at day 14 was observed,
probably due to the increased synthesis of mineralization proteins
and the formation of a mineralized matrix as suggested by Shao
et al. [48]. These data are supported by our qualitative and quan-
titative assays of alizarin red, with the formation of mineralized
nodules observed at 14 days of cell culture. At 21 days of cell culture,
there was an increase in ALP expression compared to the 14 day

period, except for the PBAT/5%nHAp group. PBAT and PBT/3%nHAp
showed no difference in ALP expression (p>0.05), but had higher
expression than the control (p<0.001) (Fig. 2A). Similar results
were obtained in previous studies in three-dimensional scaffolds,
[47,48] where ALP activity was higher at 7 days with subsequent
reduction due to the beginning of extracellular matrix mineraliza-
tion. The slight ALP increase at 21 days corroborates with Runx2
expression in the same period, and may be related to the renewal
of the cell cycle [49].
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Fig. 3. Representative 3D micro-CT images of the tibia defects after 6 weeks of scaffolds implantation.
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Fig. 4. (A) Bone volume, (B) bone volume fraction (BV/TV) and (C) trabecular separation (Tb.Sp) in the rat tibia critical defect model after scaffolds were implanted for 6
weeks (mean and SD). Data are expressed as compared to the control group (clot). Statistical differences are presented using different letters for p<0.05 (ANOVA, post-test

Tukey). Tb.Sp data presented no statistical difference.

The expression of Runt-related transcription factor 2 (Runx2) is
associated with osteoblastic differentiation, and was decreased at
7 days of cell culture in the scaffold groups, regarding other periods
and the control group (p<0.001). At 14 days there was an increase
in scaffold gene expression, but not significant in relation to the
control (p>0.05), although there was an increase in the expression
for the PBAT/5%nHAp group in the period from 7 to 14 days, this
group showed significantly lower expression of Runx2 compared
to the other groups (p <0.001). However, at 21 days PBAT/3%nHAp
and PBAT/5%nHAp showed significantly greater Runx2 expression
compared to the control and PBAT groups (p<0.001), and com-
paratively, the PBAT/5%nHAp presented higher expression than

PBAT/3%nHAp (p<0.01) (Fig. 2E). Runx2 expression was initially
assessed at 7days of cell culture, but Kim et al. [50] observed
increased expression of Runx2 earlier, at 3 days. We suggest that
the low Runx2 expression observed in the scaffold groups at 7 days
may be justified due to the mature phenotype in this period, as
confirmed by high cell activity and by elevated ALP expression in
the scaffold groups in the same period. Furthermore, the renewal of
the cell cycle may explain the increased late expression of Runx2 at
21days; [49] nHAp-incorporated scaffold groups had higher Runx2
expression due to the influence of nHAp in the modification of the
surface wettability and then to promote osteoblastic differentia-
tion.
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Fig. 5. Histological sections of bone repair area after 6 weeks of surgery. All defects were filled with bone tissue that exhibited viable osteocytes into lacunes distributed in
the primary and lamellar tissue: (a) control group: natural healing of bone (*), presence of thin bone connecting the defect edges. This bone bridge presented some primary
and lamellar tissue; b) PBAT: bone repair obtained with thick bone bridges (*) mainly constituted of primary bone, which the bone trabeculae are permeated with cells
present in the marrow (v); c) PBAT/3%nHAp: bone repair obtained with thick bone bridges (*), differently from the PBAT group, this tissue exhibited lamellar bone; however
some areas with large marrow can be still observed (v); d) PBAT/5%nHAp: bone repair obtained with a bone bridge of moderate thickness (*), but exhibiting predominance
of lamellar bone. In all images, the superior side of figure shows bone formation and inferior side of figure shows the marrow space of tibia (¢).
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Fig. 6. Graphics of three point flexural tests after 6 weeks of bone repair: a) force measured on the defect area; b) stiffness measured on the defect area. All values were
reported as mean + SD (n = 3). Different letters mean significant statistical differences for p <0.05 (ANOVA, post-test Tukey).

The expression of Collagen type 1 (Col I), an abundant organic
component of the extracellular matrix, was similar at 7 and 14 days
of cell culture with higher control group expression (p>0.001).
However, at 21 days, the scaffold groups showed a higher Col I
expression than the controls (p <0.001), and, when compared, the
PABT group presented similar expression to the PABT/5%nHAp
group (p>0.05), with PABT/3%nHAp showing the highest Col I
expression compared to the others (p<0.001) (Fig. 2B). Although
our results show less Col I expression in all scaffold groups at 7
and 14 days, periods in which the authors Ravichandran et al. [51]
and Xia et al. [47] obtained an increase in Col I expression respec-
tively, their three-dimensional architecture played a key role in the
mineralized matrix formation at 14 days as found in the alizarin red
assay. Clearly, an increase of Col  expression after 21 days occurred.

It was very interesting to confirm that our produced scaffolds were
able to organize and calcificate the extracellular matrix.

The genes osteopontin (OPN) and osteocalcin (OC) are bone min-
eralization markers [52,53]. OPN expression at 7 and 21 days of
cell culture was not significantly different among groups (p > 0.05),
however, the scaffold groups exhibited higher OPN expression than
the control group in both periods (Fig. 2D). At 14 days, statisti-
cally significant increases in OPN expression occurred for PBAT,
PBAT/3%nHAp and PBAT/5%nHAp scaffolds, compared to the con-
trol group (p<0.001). PBAT/3%nHAp (p<0.05) and PBAT/5%nHAp
(p<0.01) scaffolds exhibited increased expression regarding the
PBAT. However, PBAT/3%nHAp and PBAT/5%nHAp scaffolds showed
no difference in OPN expression (p >0.05) at 14 days.

OC expression at 7 and 14 days of cell culture in the scaffold
groups significantly decreased in relation to the control group
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(p<0.001). However, at 7 days, the PBAT/3%nHAp group exhibited
increased expression in relation to the PBAT (p<0.001) and the
PBAT/5%nHAp (p<0.001) groups, while at 14 days, there was no
significant difference among scaffold groups (p >0.05). At 21 days,
there was a statistically significant increase in OC expression in
the PBAT/3%nHAp group in relation to the other groups (p<0.001)
(Fig. 2C).

The high OPN expression at 14 days, as well as its distribution
among the groups, corroborates our findings of mineralized nod-
ules, a period that we evaluated and found in vitro mineralization.
Alves et al. [49] reported decreased expression of some genes at
14 days and correlated it with apoptosis during the cell cycle. The
constant expression of OC over time is important to support the
mineralization process, and similar results were observed [54,55]
where OC expression was maintained since the matrix mineraliza-
tion was initiated with the consequent formation of mineralization
nodules.

Briefly, the in vivo results corroborated the in vitro results.
PBAT/3%nHAp and PBAT/5%nHAp scaffolds promoted better bone
repair compared to PBAT and the control when analyzed by micro-
CT (Figs. 3 and 4), histological analysis (Fig. 5) and flexural tests
(Fig. 6). Fig. 3 shows typical 3D micro-CT images after 6 weeks of
implantation. Clearly, the PBAT/nHAp groups (Fig. 3c and d (lateral
view)) promoted the formation of new bone on the preexistent
one, while only a depression of bone was observed using control
and PBAT groups. In summary, when nHAp was incorporated, sim-
ilar bone repair occurred among the groups analyzed by micro-CT
(Fig. 3) and histological analysis (Fig. 5). Independently of the con-
tent used, the nHAp stimulated an increase of bone volume (Fig. 4).

Microstructural parameters of bone repair are shown in Fig. 4.
PBAT/3%nHAp and PBAT/5%nHAp were more effective to improve
bone formation, presenting higher values of BV and BV/TV com-
pared to controls (Fig. 4a and b) (p<0.0001). Then, we confirmed
the effectiveness of these scaffolds to promote guided bone regen-
eration. Conversely, trabecular separation (Tb.Sp) was similar
among all groups (Fig. 4c). We have already observed this trend
in a previous work, where [56] PDLLA/nHAp scaffolds promoted
better in vitro osteogenic results and in vivo bone regeneration.
However, herein we performed a deeper study involving bone for-
mation using micro-CT and mechanical properties after scaffold
implantation.

The histological analyses showed the presence of bone defect
in all groups (without neoformation) (Fig. 5). The control group
showed one slim bridge between the edges of defect (Fig. 5a) com-
pared to other groups. PBAT/3%nHAp (Fig. 5¢) and PBAT/5%nHAp
(Fig. 5d) showed one thicker bridge than the ones for controls,
indicating bone trabeculae formation. Then, the inclusion of 3
and 5% of nHAp influenced positively osseoconduction and conse-
quently bone proliferation. Contributing for this, the BV parameter
of micro-CT analysis showed a difference between control and scaf-
fold groups. We already had observed that the association of PBAT
and nHAp guided bone cell growth, independently of concentra-
tion. Also, the flexural tests confirmed previous results because
when nHAp was loaded, the mechanical properties of the neo-
formed bone improved. (Fig. 6).

Then, the previous results corroborate the results of BV (ana-
lyzed by microCT), since higher BV values were found for the
scaffolds compared to control group. We can assume that the
PBAT/5%nHAp group presented better biomechanical results com-
pared to allbecause the predominance of lamellar bone promoted
an increase of tension force at this area.

Different concentrations of nHAp associated to PBAT facilated
bone neoformation. Clearly, the flexural tests for PBAT/5%nHAp
group showed better bone formation in the defective area
((p<0.05), due to high values) than all. Then, we can confirm the
correlation between in vitro mineralization and in vivo bone neo-

formation with superior values of mechanical properties compared
to controls. Probably, the crystallite size of nHAp influenced directly
bone growth due to its chemical attraction of phosphate-calcium
crystals. On the other hand the stiffiness test (Fig. 6b) was not
significantly different among the groups (p <0.05).

Although HAp is a main skeleton constituent, the mecha-
nism involved in creating a mineralized matrix is still not fully
understood, and can be more explored and explained [57]. The
effectiveness of PBAT/3%nHAp and PBAT/5%nHAp as bone graft
may be probably associated to a lower crystallinity compared to
PBAT. This factor may have been responsible, respectively, for faster
in vivo degradation and for enhancing bone mimetic properties
that arose from the highest bioceramic content. Also, other factors
may have influenced the contribution of nHAp towards improving
in vivo bone growth, such as the greater wettability of the scaffold,
which possibly allowed for the better interaction of proteins and
changes in the phenotypic expression of osteoblasts.

Herein, for the first time we performed a systematic biological
in vitro and in vivo study envolving PBAT and PBAT/nHAp scaffolds.
Polyesters have been applied as scaffolds for tissue engineering.
However, PBAT has an equilibrium between biodegradability and
physico-chemical properties and these properties improve its flex-
ibiliby and elongation at break. Clearly, PBAT with and without
nHAp regulated in vitro osteogenesisand improved cell adhesion
and proliferation. When nHAp was incorporated, the scaffolds
showed bioactivity properties as already reported in previous stud-
ies [44,58].

3. Conclusions

Herein, we performed a full in vitro and in vivo study involving
PBAT/nHAp scaffolds for bone tissue engineering. Clearly, the pro-
duced scaffolds presented in vitro biocompatibility. The attractive
properties of nHAp (biomimetic structures, increased wettabil-
ity, and high surface area) positively influenced in vitro osteoblast
adhesion and proliferation, the formation of a mineralized matrix,
as well as the expression of genes related to osteoblast differ-
entiation and mineralization. Osteoconductive and osteoinductive
effects arose from nHAp inducing better cellular responses towards
scaffolds composed of PBAT/nHAp compared to neat PBAT scaf-
folds as well as led to more effective bone formation (confirmed
by micro-CT images), which promoted the highest bone volume
after 6 weeks of in vivo implantation using a well established rat
tibia defect model when compared to PBAT and control group. The
use of a high concentration of nHAp was important to increase the
force of the neoformed bone. This investigation, thus, enhanced our
comprehension on the role that nHAp may play in PBAT matrices
for improving bone tissue engineering applications.

Statement of significance

Combining polyester scaffolds with synthetic nanohydroxyap-
atite (nHAp) is a plausible strategy to improve bone regeneration.
PBAT [poly (butylene adipate-co-terephthalate)] is a very novel and
interesting polyester due to its high flexibility and elongation-at-
break besides low crystallinity. Electrospinning has been applied
to produce 3D fibrous scaffolds with the ability of mimicking the
architecture of the bone extracellular matrix. Nevertheless, an asso-
ciation between in vitro assays exploring specific genes related to
bone regeneration and an in vivo assay evaluating bone regenera-
tion using electrospun PBAT with different loads of nHAp has not
been systematically explored yet. Herein, we explored the spe-
cific genes related to bone regeneration and in vivo experiments by
micro-computed tomography to analyze bone neoformation using
electrospun PBAT/nHAp composites.
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