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Introduction

Due to their predictability, dental implants have become a 
safe alternative for the rehabilitation of missing teeth; 
despite their success rate being quite high, micro-, and 
macrogeometric alterations are continually proposed.1–3 
However, for the installation of these implants, it is essen-
tial that there is adequate bone structure, which is normally 
affected after tooth loss, as the alveolar bone loses a large 
part of its volume during the healing process. To recover 
the bone volume needed for implant placement, regenera-
tive bone grafts are often used. Among the types of grafts, 
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autogenous bone (taken from the patient) is obviously con-
sidered the best material, due to its osteoconduction, oste-
oinduction, and rapid remodeling properties, resulting in 
better-quality neoformed bone tissue.4–6 However, the mor-
bidity resulting from the removal of the graft in the donor 
area presents inconveniences such as pain, paresthesia, 
hematoma, hemorrhage, risks of bone fractures in the donor 
area, and limited bone graft amount, among others.7,8 
Therefore, there is a growing search for alternative bone 
substitutes that have physicochemical properties and bio-
logical behavior similar to those of autogenous bone.

Different materials with different forms, composition, 
and methods of production have been researched and pro-
posed. However, the most used and researched are materi-
als in particles form.8–10 These particulate materials, 
depending on the morphology of the defect and location, 
may present problems for transport, accommodation of the 
graft in the receptor site, and adequate stability of this 
material to that the repair process can occur adequately. 
Thus, new materials were developed using the benefits 
found in these particulate materials and by adding collagen 
to facilitate the accommodation of the material in the 
grafted bed and improve its stability.

Materials made from collagen have shown low anti-
genicity, excellent biocompatibility, and osteconductive 
and osseointegrative properties much better than those of 
systems made from synthetic polymers, such as lactic pol-
yacid, glycolic polyacid, and polyethylene terephtha-
late.11,12 In their function as scaffolds, materials based on 
collagen, in their sponge form, are considered three-
dimensional scaffolds with the best properties for tissue 
regeneration.13–15 Collagen is easily degraded and is reab-
sorbed by the body, allowing good cell adhesion, migra-
tion, proliferation, and differentiation; however, its 
mechanical properties are relatively weak compared to 
those of bone,16–18 for this reason, particles of other more 
resistant compounds are incorporated in order to improve 
their mechanical properties and absorption time, especially 
when used for bone regeneration. At present, it is known 
that there are 29 different types of collagens have been dis-
covered; however, type I is the most used for applications 
in bone tissue engineering.19,20

Scaffolds of hydroxyapatite (HAp) and collagen have 
been shown to have an accelerated bone healing effect and 
better osseointegration due to the use of a mixture of both 
materials. In HAp/collagen compounds, the latter has the 
function of regulating the distribution of the particles of the 
ceramic part, avoiding their agglomeration.21,22 Thus, the 
objective of the present in vivo study was to evaluate and 
compare two commercially available collagen-based bio-
materials for bone regeneration, which have the same indi-
cation for clinical use. Both materials tested have bovine 
HAp particles in their composition, but from different por-
tions of the bone (cancelous and cortical), different mor-
phologies (porous and dense) and submitted to different 

treatments (sintered at low and high temperature). In addi-
tion, they have different amounts of collagen (10% and 
25%). The evaluations were carried out at two different 
times (30 and 45 days) after implantation in defects created 
in the calvarium of adult rabbits.

Materials and methods

The present study was conducted in accordance with 
ARRIVE guidelines (https://arriveguidelines.org). Twenty 
adult rabbits of both sexes from the vivarium of the 
University of Rio Verde (Rio Verde, Brazil) were used. 
The project was approved by the animal ethics committee 
of the University of Rio Verde under protocol number 
08/2020. The animals received all care in accordance with 
current national and international legislation for this type 
of study.23,24

Materials and group formation

Two biomaterials for bone grafting in blocks with particles 
aggregated by collagen in different formulations were 
tested and compared, forming two experimental groups: 
Extra Graft group (EG group): 35 samples of Extra Graft 
XG-13® (Implacil De Bortoli, São Paulo, Brazil), com-
posed of hydroxyapatite (HAp) from cortical bovine bone 
sintered at a temperature of 1100°C with particle size 
between 200 and 400 µm and type I collagen, for which the 
composition was 75% HAp and 25% collagen, both (HAp 
and Collagen) of bovine origin; Bio-Oss® Collagen group 
(BC group): 35 samples of Bio-Oss® Collagen (Geistlich, 
Wolhusen, Switzerland), composed of HAp from cance-
lous bovine bone sintered at a temperature of 300°C with 
particle size between 250 and 1000 µm and type I collagen, 
with 90% bovine bone origin and 10% collagen of porcine 
origin. Figure 1 shows images of both materials tested.

A sample from each group was used to obtain images 
by scanning electron microscopy (SEM) in the microscopy 
laboratory of the Pontifical Catholic University of Rio 
Grande do Sul (Porto Alegre, Brazil). The images were 
obtained using an SEM-FEG JSM-7100F (JEOL Ltd., 
Tokyo, Japan) and used to describe the morphological 
characteristics of each material.

Surgical procedures and sample distribution

The animals received anesthetic procedures and pre- and 
postoperative medication following protocols used in pre-
vious studies by our research group.1,2 First, an incision was 
made to the bone level and a total flap was opened, expos-
ing the dorsal calvarium bone. In each animal, two bone 
defects were created (right and left sides of the midline) in 
the posterior (dorsal) portion of the skull, in which the total 
bone thickness was removed using a 6.5 mm external diam-
eter trephine (Hager & Meisinger GmbH, Neuss, Germany), 
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under intense irrigation with saline solution at room tempera-
ture (23 ± 2ºC). After preparing the bone defects, both materi-
als were deposited, completely filling the defects. By prior 
drawing, the samples from the EG group were always placed 
on the left side of the animals, and the samples from the BC 
group were always placed on the right side of each animal. 
The materials were handled as recommended by each man-
ufacturer. A porcine collagen membrane (30 × 15 mm) was 
positioned to cover both materials.

Finally, an internal and external plane suture was per-
formed with simple stitches using 5-0 nylon suture. The 
animals were sacrificed 30 and 45 days after the graft sur-
gery was performed (n = 10 per time). The calvariums of 
the animals were removed and immediately immersed in a 
4% buffered formaldehyde solution.

Radiographic images and sample preparation

The samples remained in the fixative solution for a period 
of 10 days after their removal. Firstly, radiographs of the 
samples were taken using an IriX-ray DX 3000 digital 
radiography system (Dexcowin, Seoul, Korea), and the 
images were passed directly to Trophy imaging software 
(Toulouse, France), where the radiopacity of the materials 
was observed and described qualitatively. Afterward, the 
samples were dehydrated using a progressive sequence of 
ethanol (50%–100%), remaining for 48 h in each solution. 
Then, the collected pieces were embedded in a plastic 
embedding system based on Methyl methacrylate (MMA) 
Technovit 9100 (Kultzer & Co, Wehrhein, Germany), 
cured, and subjected to cutting using an Isomet 1000 
machine (Buehler, Illinois, USA). Afterward, they were 
submitted to sanding and polishing with abrasive disks, 
and the histological slides were mounted. Finally, the sec-
tions were rehydrated (100%–50% ethanol) and stained 
using the hematoxylin and eosin technique for analysis.

Histological analysis and histomorphometry

Images of the slides were taken at different sizes using a 
Nikon E200 light microscope (Tokyo, Japan). Initially, all 
histological sections of each sample were qualitatively 
evaluated, describing the characteristics of the healing 
reaction at each proposed time. Then, a histomorphometric 
analysis was performed to evaluate the following aspects 
of the materials and healing events: (1) fibrous tissue (FB); 
(2) newly formed bone matrix (BM); (3) medullary spaces 
(MS); and (4) remaining material particles (RP). All these 
parameters were measured in three predetermined areas of 
1 mm2 in each defect, as shown in Figure 2. The values 
were calculated as the percentage occupancy in relation to 
the total area.

To facilitate statistical comparison, and because they 
present similar conditions for healing, from the values 
measured at Positions 1 and 3, an average was calculated 
for each group at each proposed evaluation time.

In addition, the visible area in each histological section 
was measured, as shown in Figure 3. All measurements 
were performed using ImageJ version 1.44 software 
(National Institute of Mental Health, Bethesda, Maryland, 
USA).

Mechanical properties

To standardize this test, the standard ASTM F1538-
03(2017)25 were used. Testing was conducted on the blocks 
(n = 5 per group) as shows in the Figure 4. Samples were 
positioned between the load application axis and a base 
plate by emitting axial forces in a universal test machine 
model AME-5 kN (Técnica Industrial Oswaldo Filizola 
Ltda, São Paulo, Brazil) at a speed of 1 mm/min. The load 
was applied until the samples were completely crushed, 
generating force and displacement curves. Then, the slope 

Figure 1. Photographic images of both collagen-based biomaterials for bone grafting tested in the present study.
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of the stress-strain curve in the elastic region is measured 
and the Young’s modulus can be calculated.

Dissolution analysis and pH alteration

These analyzes were carried out in accordance with the 
standard ISO 13175-3:2012.26 Nine samples of each group 

BC and EG were individually large in buffer solution con-
taining Tris hydrochloride solution in pH 7.4 (Merck 
KGaA, Darmstadt, Germany), being the ratio between the 
mass of test material and the average volume of dissolution 
in 4.0 mg/mL−1. The vials with the samples and dissolution 
medium were kept on a shaker table at 200 rpm for 24, 48, 
and 72 h (n = 3 per moment). After each immersion period, 

Figure 2. Histological section showing the three local points (with an area of 1 mm2) selected in each sample to measure the 
predetermined parameters. Yellow Squares 1 and 3 correspond to the areas closest to the native bone (lesion edges), and Yellow 
Square 2 corresponds to the central area of the defect.

Figure 3. Image showing measurement of the area with the presence of bone material in each sample using the software ImageJ.
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the pH of the buffer solution was measured and the release 
of ions was analyzed via inductively coupled plasma mass 
spectrometry (ICPMS-2030, Shimadzu, Barueri, Brazil). 
According to the standard used, the pH cannot vary more 
than 0.3 from the initial value during the test. The samples 
were removed from the flasks and dried in a circulating 
oven at 25°C for 24 h and their masses measured on an ana-
lytical balance.

Statistical analysis

The animal number was determined for a power level of 
85% to obtain a P-value of 0.05 on the sample number of 
each group, which was calculated in SigmaStat 4.0 software 
(Systat Software Inc., San Jose, USA). The calculation 
determined a minimum sample size for each group at each 
time of eight samples for the histological analysis and, five 
samples for the mechanical test. The Mann–Whitney U test 
was used to perform a statistical comparison to determine 
the differences within and between the two groups at both 
times. P < 0.05 was considered to determine statistical sig-
nificance using GraphPad Prism version 5.01 software 
(GraphPad Software, Chicago, USA).

Results

The images obtained by SEM showed that the BC group 
particles were much more involved by collagen compared 
to the EG group particles, as shown in Figure 5. 
Furthermore, in the images of the sample from the EG 
group, we can observe more open spaces between the HAp 
particles as compared to the BC group images, where we 
observe fewer open spaces in the material structure.

Regarding the surgical procedures performed, all 
occurred without major complications and/or unexpected 

events. In two sites, the trephine surpassed the internal cor-
tical bone, but these animals did not show any difference in 
postoperative reaction from the other animals. In general, 
the animals’ postoperative period was normal for this type 
of procedure (within expectations), without significant 
inflammatory and/or infectious complications. In two ani-
mals, the external suture was opened (suture dehiscence), 
exposing a small part of the membrane, but both were mon-
itored and administered antibacterial Organnact Prata spray 
(Curitiba, Brazil) daily, and the wounds healed by second 
intention approximately 10 days after the surgery.

Radiographically, significant differences were observed 
in the images of both groups, with the EG group showing 
a much greater radiopacity at the two proposed evaluation 
times compared to the BC group (Figure 6). Furthermore, 
samples from the BC group showed faster resorption in the 
period between 30 and 45 days, because in the second 
evaluation period (45 days), few areas of material particles 
were visible on the radiographs. However, in the samples 
from the EG group, at both times, we observed greater 
radiopacity of the material, indicating slower resorption 
compared to the BC group.

In the histological evaluations, the BC group, at both 
evaluation times (30 and 45 days), showed little bone 
growth and intense formation of fibrous tissue, suggesting 
that it has lower osseoconductive potential. However, the 
EG group showed different reactions at the two evaluation 
times. In samples with 30 days of healing, little bone 
matrix formation was observed, and a large fibrous forma-
tion was observed between the HAp particles. Within 
45 days after the graft, the samples from the EG group 
showed a large amount of neoformed bone between the 
material particles (HAp), with a low rate of resorption of 
the volume of the grafted material. Figure 7 shows a repre-
sentative image of the reaction observed in each period of 
both groups and, in each predetermined observation points 
previously shown in the Figure 2.

In the histomorphometric analysis of the samples from 
each group, distinct reactions were observed, and the meas-
ured parameters are presented in graph form in Figure 8 (BC 
group) and Figure 9 (EG group). A statistical comparison 
within each group between the values obtained at the posi-
tions close to the native bone and in the center of the graft 
area for each parameter analyzed at each proposed time is 
presented in the table attached to each graph in Figures 7 
and 8. However, when parameters were compared between 
groups, all comparisons, in both areas evaluated (the central 
area and in the edge areas) and both times, showed statisti-
cal differences between groups (P < 0.05).

The areas measured for both materials at the two pro-
posed evaluation times are presented comparatively in 
Figure 10. The greater volume of graft area measured at 
both times in the samples from the EG group corroborates 
the results obtained through the radiographic images, as 
compared with the results obtained for the BC group.

Figure 4. Illustrative image of the mechanical test applied 
(F = force).
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Regarding the mechanical strength test of both materi-
als, the Young’s modulus calculated for both groups was 
19.66 ± 1.06 (Mpa) for BC group and, 20.30 ± 1.18 (Mpa) 

for EG group. No significant difference was observed 
between the groups (P = 0.4633). Figure 11 present a bar 
graph comparing the data.

Figure 5. Representative image of both materials evaluated. The first column shows Bio-Oss® Collagen (BC group), and the 
second column shows Extra Graft XG-13® (EG group).

Figure 6. Radiographic images of the defects filled with both materials. In the first image (at 30 days), the radiopacity for the EG 
group is more evident than that for the BC group. In the second image (at 45 days), we can observe minimal radiopacity in the BC 
group defect and large radiopacity in the EG group defect.
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Finally, in the degradation analysis, the samples from 
the EG group showed an average mass loss of 18.5% at 
24 h, 20.3% at 48 h and 23.1% after 72 h. In the BC group, 
the mean mass loss was 2.4% at 24 h, 2.7% at 48 h, and 
4.3% after 72 h. The mean pH values at each predeter-
mined time (24, 48, and 72 h, respectively) were 7.35, 
7.30, and 7.28 for the BC group and 7.42, 7.45, and 7.50 
for the EG group. Figure 12 shows the graphs of the deg-
radation of the analyzed samples and changes in pH value.

Discussion

Structured materials for bone regeneration in different forms 
have been constantly sought by researchers and industry in 
recent decades.27 Such biomaterials can facilitate surgical 

manipulation and aid in the healing process by supporting 
cells and improving tissue growth and regeneration.28,29 In 
this context, in the present in vivo animal study, we analyzed 
and compared two different commercialized collagen-based 
biomaterials used for bone grafting and their effects on the 
early healing process at 30 and 45 days after their insertion 
into defects created in the calvarium of adult rabbits. The 
results showed that the composition presented by the material 
used in the EG group (25% collagen + 75% hydroxyapatite 
particles) promoted greater bone neoformation compared to 
the BC material (10% collagen + 90% particulate bovine 
bone) at the 45-day evaluation. Bone defects filled with bio-
materials, which are used as a scaffold to stimulate and direct 
the growth and neoformation of this tissue, are dependent on 
several factors, including the physical–chemical composition 

Figure 7. Representative images of a histological section of both groups at 30 and 45 days after the graft in the three 
predetermined points analyzed. In all samples of both groups was observed a less bone formation in the point 2. Stained using the 
hematoxylin and eosin technique.
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of the material used; this is one of the main subjects of current 
research in this area.29–32

Regarding the animal model used and the selected zone, 
rabbits were one of the first animals used in biomedical 
studies and are considered laboratory animals of easy 
access and handling, as well as good economic viabil-
ity.33,34 In addition, New Zealand rabbits are preferred for 
their uniformity of reactions in experimental tests.35 The 
calvaria was the surgical region chosen because it is an 
area of easy surgical access, it offers low morbidity, and 

the interference of muscle forces is reduced in this loca-
tion, in addition to being widely used for the study of the 
behavior of biomaterials.5 Several previous studies related 
to bone healing have already shown good results from the 
use of rabbit calvaria to observe the events involved in this 
process.36 Regarding the size of the defects created in the 
calvaria, which was 6.5 mm in the present study, this can 
be considered critical, considering the short periods of 
time selected for the evaluation of healing.37 However, 
evaluation at 6–8 weeks is the clinical follow-up generally 

Figure 8. Bar graph showing the values obtained at each evaluation time measured in the central area and in the edge areas to the 
native bone, with a statistical comparison (P-values) for BC group samples. FT, fibrous tissue; BM, bone matrix; MS, medullary space; 
RP, residual particles; *statistically significant difference.

Figure 9. Bar graph showing the values obtained at each evaluation time measured in the central area and in the areas close to the 
native bone, with a statistical comparison (P-values) for EG group samples. FT, fibrous tissue; BM, bone matrix; MS, medullary space; 
RP, residual particles; *statistically significant difference.
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recommended in veterinary orthopedic surgery.38 Some 
authors even reported that 8 weeks could be an adequate 
time to evaluate late repair, with bone neoformation and 
resorption of the grafted material.39 In the present study, 
we used two similar times, at 30 and 45 days, to verify the 
evolution of the tissue reaction, but other future studies 
with longer time periods should be proposed for these 
materials.

We opted to use Bio-Oss® Collagen as a comparison 
material due to the fact that this biomaterial is already 
used on a large scale in dentistry and in an extensive 
number of publications in the world literature. The 
material used in the EG group (Extra Graft XG-13®) is 
a commercialized material but with few published stud-
ies.40,41 In addition, few studies were found assessing 
the influence of the amount of collagen in scaffolds 
developed for bone regeneration.42 Our results showed 
that the samples from the EG group, which presented a 
higher quantity of collagen in the material’s composi-
tion (25% collagen), performed better than those from 
the BC group, for which the material presented 10% 
collagen in its composition. Among the parameters 
evaluated histologically—the presence of fibrous tis-
sue, bone matrix formation, medullary spaces, and 
residual particles—the values obtained in measure-
ments of the amount of bone matrix formed inside the 
grafted areas in samples of the EG group after 45 days 
were the determining factor for us to conclude that the 
amount of collagen can directly influence the perfor-
mance of collagen-based biomaterials used for bone 
grafting. Furthermore, the presence of collagen in the 
scaffolds helps in cell adhesion, proliferation, and dif-
ferentiation, as well as improving the mechanical/physi-
cal factors of these biomaterials.43

Although type I collagen has several biological advan-
tages, it is a material that is very easily degraded, mainly 
because it is the target of several collagenase enzymes 
that are expressed by a variety of cells. Therefore, the 

association with other materials is important in the elabo-
ration of collagen-based scaffolds to reduce the natural 
biodegradation process and increase mechanical strength 
and stability.43,44 In this context, different materials have 
been proposed, researched, and tested.11,12,17,20–22,31,40–42 In 
the present study, two commercially available collagen-
based materials were tested, both with HA particles of 
bovine origin but of different sizes and obtained by differ-
ent processes. Hydroxyapatite of bovine origin is more 
commonly used because it is easy to obtain and has been 
frequently reported in the literature, in addition to having 
physico-chemical properties similar to those of human 
bone tissue.45 Engler et al.28 showed that the osteogenic 
influence of substrate stiffness is of fundamental impor-
tance within these materials (scaffolds), and the use of 
biocompatible and osteoinductive HA has significant 
advantages in bone tissue engineering applications. 
Moreover, Gleeson et al.42 found in an experimental study 
that a combination of osteoinductive HA particles and col-
lagen promoted an increase in scaffold stiffness, resulting 
in an increase in mineral deposition within the scaffolds 
and excellent bone regeneration. In the comparison made 
in our study, at the time of 30 days, no major differences 
were observed in the results obtained for both groups in 
all parameters observed. However, at 45 days, in the sam-
ples from the BC group, there was great resorption of the 
implanted material and little formation of bone matrix 
between the particles (average 2.6%) compared to that in 
the samples from the EG group (average 34.3%). 
Regarding the size of the area measured at the time of 
45 days, the difference was 65% (EG group > BC group). 
This event can be explained by the reason that the mate-
rial that has less collagen (BC group) has particles that are 
more rapidly reabsorbed, while the material that has more 
collagen (EG group) has particles that are little reab-
sorbed, so this difference occurred in the amount of 
resorption (volume) between the groups.

Figure 10. Bar graph showing the values obtained at each 
evaluation time when measuring the volume of the graft area, 
with a statistical comparison. *Statistically significant difference. Figure 11. Bar graph comparing the Young’s moduli of BC 

and EG groups.
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Regarding the type of collagen used as a base, porcine 
in the BC group and bovine in the EG group, studies have 
shown that both have similar physical and mechanical 
properties.46,47 However, when we analyzed the particles 
used in each material, the medullary bovine bone of the 
BC group and the sintered cortical bovine bone of the EG 
group, both HAp of animal origin, it was possible to 
observe a different behavior between them. Studies have 
shown that bovine medullary bone can be more easily 
absorbed due to its physicochemical characteristics,48 
especially when compared to HAp of bovine cortical ori-
gin, which has a very low absorption potential, especially 
when it is sintered, because this process modifies its struc-
ture.49,50 However, HAp may have a better impact on bone 
formation by maintaining its structure for a longer time.51 
Figure 13 shows a SEM image of the particles used in both 
materials.

Regarding the mechanical proprieties (Young’s modu-
lus calculated) by the two materials tested (BC group and 
EG group), both showed a low strength in the compression 
test. Recent studies have shown that rigid bovine bone 
blocks, with high compressive strength, can enable their 
fixation using screws, but they have physical characteris-
tics that affect and/or hinder bone neoformation.5,8 On the 
other hand, when these materials were submitted to the 
degradation test, the EG group showed a much higher rate 
of degradation in vitro than the BC group samples, which 
may be related to the dissolution of the type I collagen 
composition and moisture loss during the drying process 
to measure the mass loss, since the material from the EG 
group is not lyophilized. Esse resultado da degradação in 
vitro foi completamente diferente dos resultados obtidos in 
vivo, corroborando os achados de outros autores que 
demonstraram haver uma pobre correlação entre esses 

Figure 12. Graphs shows the degradation and pH values of both groups at 24, 48, and 72 h.

Figure 13. SEM images of the structure of the particles without the presence of collagen used in both materials. We can see that 
the Bio-Oss particles have a porous structure, while the Extra Graft particles are smaller and compact (denser).
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ensaios.52 However, the pH in both groups presented a low 
variation, staying within the parameters required by the 
standard used to perform the test, which determines that 
the pH could not vary more than 0.3 in relation to the ini-
tial value during the test.26

Among the limitations of this in vivo study, the place 
where the defects were created for the implantation of the 
studied biomaterials (calvarium) is different from most 
places where they will be clinically applied to patients, so 
the results should be interpreted with some caution. In 
addition, the times for regeneration in animals are different 
from those in humans, and this relationship is not well 
defined in the literature. The sample size used, despite 
being within the ideal calculated sample size for this study, 
was limited by ethics considerations, and this must be 
taken into account. Further studies on the relationship 
between the ideal amount of collagen and particles in these 
types of scaffolds should be carried out to evidence the 
role of each component in the formation and regeneration 
of bone tissue, as well as the methods of incorporation of 
these materials.21,53

Conclusions

Through the results obtained in the present study, we con-
clude that the amount of collagen and the particle character-
istics present in the composition of the scaffolds can directly 
influence the amount of neoformation and/or bone regener-
ation. The samples from the EG group showed a lower vol-
ume of resorption in the total area of material implanted to 
fill the defects when compared to the samples from the BC 
group during the 45-day evaluation, fact that can be 
explained by the type of particles used in each material. 
Further studies using this type of biomaterials with different 
collagen concentrations should be carried out to verify the 
ideal proportion and the ideal particle characteristics.
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