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ABSTRACT
OBJECTIVE: This study proposes to evaluate, by means of microtomographic analysis, the topical
potential of raloxifene combined with BioGran® through the sonochemical method in the repair of
critical bone defects in the calvaria of rats. The hypothesis was that the homogenization of
Raloxifene to Biogran at the 20% concentration would improve the bone repair at the grafted site.
MATERIALS AND METHODS: A 5-mm calvaria bone defect was induced in three groups: CTR
(100% BioGran®); RAL10 (90% BioGran® and 10% raloxifene), and RAL20 (80% BioGran® and 20%
raloxifene). The animals were euthanized after 30 days and the microCT analysis was then
performed to evaluate the parameters bone volume (BV), bone volume percentage (BV/TV),
trabecular bone thickness (Tb.Th), and the separation and number of trabeculae (Tb.Sp and Tb.
N). The obtained results were compared using ANOVA and Tukey test (p < 0.05).
RESULTS: The best results were found for the CTR and RAL20 groups, in which the BV, BV/TV, Tb.
Sp, and Tb.N parameters were statistically significant in comparison with RAL10 (p < 0.05).
CONCLUSIONS: In view of the results obtained in this experiment, we can conclude that BioGran®
alone or in an 80/20 mass concentration with raloxifene can lead to favorable bone formation.
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Introduction

The development of biomaterials to accelerate bone
repair without impairing bone quality and achieving
ideal graft properties during the filling of bone defects
is a field facing constant challenges (1,2). Currently, the
field is trending toward attempts to create a biomaterial
with conductive or inductive properties for bone for-
mation to approach or even exceed the growth rate of
autogenous bone (3).

BioGran® (BioGran, Inc.; USA) is an alloplastic bio-
material, osteoconductive and composed of bioactive
glass that has shown good results in bone regeneration
(4,5). However, these osteoconductive materials are
related to bone formation. In cases of compromised
or deficient bone tissue formation, such as in osteo-
porosis, the tissue is reabsorbed when new bone is
formed. In such cases, antiresorptive medications such
as raloxifene (selective modulator of estrogen receptors)
(Evista®, Lilly, USA) can be used systemically, targeting
the endogenous regulation of the complex osteogenesis
versus osteoclastogenesis (6–8). Although the systemic
results of raloxifene are known to be promising (6–8),

its topical application also shows interesting results (9);
however, no report in the specialized literature dis-
cussed the combined effect of raloxifene and a bioactive
glass in improving bone regeneration and possible col-
lateral systemic effects.

This study proposes to evaluate, by means of micro-
tomographic analysis, the topical potential of raloxifene
combined with BioGran® through the sonochemical
method in the repair of critical bone defects in the calvaria
of rats. The initial hypothesis was that the homogeniza-
tion of Raloxifene to Biogran at the 20% concentration
would improve the bone repair at the grafted site.

Materials and methods

Preparation of biomaterials

The materials used for this study were BioGran® and
raloxifene in solid form, which were homogenized by
the sonochemical method using a Sonics® VCX-750
(Sonics & Materials, Inc., USA) with 750 W of power
at a frequency of 20 kHz for 30 minutes and a variable
amplitude of up to 40% of the nominal amplitude of
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the equipment (10). Ultra-pure Milli-Q® (Millipore,
USA) water was used as a medium to obtain a homo-
geneous mixture and decrease particle size.

Experimental design

After approval by the Committee of Ethics in Animal
Experimentation of the Faculty of Dentistry of
Araçatuba-UNESP (process 00235–2017), 24 rats
(Rattus norvegicus albinus, Wistar), male, adult
(3 months), and weighing approximately 250 g each,
were submitted to a 5-mm critical defect in the calvaria.
These animals were divided into three groups (n = 8):
CTR, in which the defect was filled with 100%
BioGran®; RAL10, in which the defect was filled with
90% BioGran® and 10% raloxifene; and RAL20, in
which the defect was filled with 80% BioGran® and
20% raloxifene.

The animals were anesthetized with xylazine
(Coopazine®; Coopers, Ltda; Brazil) and intravenous
ketamine hydrochloride (Vetasept®; Fort Dodge Saúde
Animal, Ltda; Brazil), and trichotomy of the calvaria
region and local antisepsis were performed, followed by
the placement of sterile fields. Local anesthesia was
performed with lidocaine (without a vasoconstrictor)
diluted to 0.5% in a saline solution, 1–3 mg/kg (11).

For each animal, a U-shaped incision was made in
the occipitofrontal direction, and the tissue was
detached. Using a 5 mm-diameter inner drill bit (3i
Implant Innovations, Inc.; USA), a 5 mm-diameter
surgical defect was made in the left parietal bone,
maintaining the integrity of the dura mater. Prior to
synthesis of the biomaterials, the defects were covered
with resorbable bovine bone membrane (Baumer®, Gen
Derm; Brazil), and the soft tissues were carefully repo-
sitioned and sutured. The defect fills were performed
on the CTR, RAL10, and RAL20 groups using the
materials as described above. In the immediate post-
operative period, each animal received a single intra-
muscular dose of 0.2 mL of penicillin G benzathine

(Pentabiótico Veterinário Pequeno Porte; Fort Dodge
Saúde Animal, Ltda.; Brazil).

The animals were euthanized 30 days after surgery
through an excessive dose of anesthetic (Sodium thio-
pental—dose 100 mg/kg intraperitoneally).

Microct

The rat calvaria were removed, reduced, and fixed in a
10% formaldehyde solution for 48 hours, washed in
running water for 24 hours, and then kept in a 70%
alcohol solution.

Using the SkyScan microtograph (SkyScan 1272,
Bruker MicroCT, Belgium, 2003), the pieces were
scanned (Figure 1) in 11 μm slices with a 0.5 mm Al
filter and a 0.6 mm rotation step. The scanning was
done at 180° with a frame of 2, a resolution of
2016 × 1344, and an acquisition time of approximately
50 minutes. The images, obtained by X-ray, were stored
and reconstructed by determining the area of interest
with NRecon software (SkyScan, version 1.6.6.0, 2011)
using a smoothing of 2, an artifact ring correction of 5,
a beam-hardening correction of 20%, and an image-
conversion range varying from 0.007 to 0.061. The
images were reconstructed in Data Viewer (SkyScan,
version 1.4.4, 64-bit) and observed on three planes
(transversal, longitudinal, and sagittal). Then, using
CT analyzer software (CTAn, 2003–11 and SkyScan,
2012; Bruker MicroCT; version 1.12.4.0), the region of
the created defect (40 slices for each sample) was eval-
uated, using a histogram of 110–205 to remove the
denser material. The parameters evaluated were bone
volume (BV), bone volume percentage (BV/TV), trabe-
cular bone thickness (Tb.Th), and the separation and
number of trabeculae (Tb.Sp and Tb.N).

Statistical analysis

The statistical analysis was performed using GraphPad
Prism software (GraphPad Software, Inc.; USA; 2017).

Figure 1. Images obtained by microCT of CTR, RAL10, and RAL20.
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An analysis of homoscedasticity was performed using
the Shapiro-Wilk test to distinguish parametric and
nonparametric data. For the analysis of the microCT
data, the one-way ANOVA test and Tukey post-test
were used. A significance level of p < 0.05 was adopted
for all tests.

Results

Microct

Among the results obtained in the microtomographic
evaluation, the highest BV values were found to be for
the CTR group (3.03 mm3), followed by those for
RAL20 (2.54 mm3), while the worst result was for
RAL10 (1.28 mm3), as shown in Figure 2. The same
pattern was found in the BV percentages (BV/TV), with
the highest results being for CTR (23.70%) and RAL20
(19.98%) and the lowest results being for RAL10
(10.05%), as seen in Figure 3. For BV and BV/TV,
there were statistically significant differences between
CTR and RAL10 and between RAL20 and RAL10
(p < 0.05, Tukey).

Testing the thickness of the trabecular bone formed
around the biomaterial particles (Tb.Th) showed approx-
imate averages of 0.054 mm for CTR and 0.050 mm for
RAL10, with a smaller value of 0.044 mm for RAL20;
however, there were no statistically significant differences
among the three groups, as seen in Figure 4.

Testing the separations between the trabeculae (Tb.
Sp) showed approximate average values of 0.1487 mm
(CTR), 0.1544 mm (RAL20), and 0.2746 mm (RAL10)
(Figure 5). Testing the number of trabeculae (Tb.N)
showed an average of 4.642 for the CTR group, which
was close to the RAL20 value of 4.535, while a smaller
value of 2.002 was obtained for the RAL10 group
(p < 0.05, Tukey) (Figure 6). For both Tb.Sp and Tb.
N, the results presented statistically significant

differences between CTR and RAL10 and between
RAL20 and RAL10 (p < 0.05, Tukey).

Discussion

The obtained results pointed that the initial hypothesis
was acceptable. Among the biomaterials described in
the literature, BioGran®, an alloplastic material com-
posed of bioactive glass, was chosen for this research
because the positive results of its osteoconductive

Figure 2. Quantification of bone volume. Approximately,
equivalent volumes in the CTR and RAL20 groups and a lower
volume for the RAL10 group (p < 0.05).

Figure 3. Quantification of the percentage of bone volume.
Approximately, equivalent percentages in the CTR and RAL20
groups and a lower percentage for the RAL10 group (p < 0.05).

Figure 4. Quantification of trabeculae thickness. Approximately,
equivalent values for CTR, RAL10, and RAL20 (p < 0.05).

Figure 5. Quantification of the separations between the trabe-
culae. Larger values for RAL10 and smaller values for the CTR
and RAL20 groups (p < 0.05).
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properties have already been described (4,5). In a clin-
ical study, it was possible to evaluate that its character-
istics can promote results comparable to the
autogenous graft in sinus lift surgeries (12). Moreover,
its physical and structural characteristics can be easily
reduced and homogenized through the sonochemical
process. Raloxifene was chosen because it has shown
the best results among antiresorptive medications in
alveolar and peri-implant bone repair (6–8).

During the evaluation of a homogeneous nanoparti-
cle mixture of BioGran® and raloxifene in different con-
centrations, it was observed that the 80/20 concentration
was most effective in the formation of high volumes of
good quality new bone, while the 90/10 concentration
delivered an unfavorable result compared to BioGran®
alone or in combination with 20% raloxifene. This was
confirmed by evaluating the volume and percentage of
new bone (BV and BV/TV), for which the CRT and
RAL20 groups presented the best results, while RAL10
presented the worst (p < 0.05, Tukey).

Bone quality was evaluated by trabecular thickness,
separation, and number. The best trabecular thickness
results were observed in the CTR group, followed by
RAL10 and RAL20, but there were no statistically signifi-
cant differences among the groups. On the other hand,
trabecular separations were larger for the RAL10 group,
while a smaller number of trabeculae were observed, thus
showing that RAL10 presented the worst bone character-
istics of all three groups, with a lower volume and a higher
porosity (fewer trabeculae with more space between
them) than the other two groups.

Thus, the results show both higher BV and better
bone quality for the CTR and RAL20 groups. There was
no statistically significant difference in trabecular bone
thickness among the three groups, and CTR and RAL20
presented a higher number of trabeculae with less spa-
cing between them; thus, a greater trabecular volume
than RAL10.

Conclusion

In view of the results obtained in this experiment, we
can conclude that BioGran® alone or in an 80/20 mass
concentration with raloxifene can lead to favorable
bone formation, nevertheless future in-vitro studies
are necessary to evaluate this combination for further
clinical evaluation.
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