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Abstract 

Autologous bone is considered the gold stan-
dard for bone regeneration, even if different
heterologous bone substitutes have been pro-
posed to overcome the limits related to its use.
The aim of this study was to analyze and to
compare the molecular events switched on by
autologous or heterologous bone graft inser-
tion, focusing on TGFβ1 expression and
OPG/RANKL ratio, to analyze resorption
process, and estimating graft vascularization,
new bone tissue deposition and its mineraliza-
tion, through VEGF, BSP and SPARC expres-
sion evaluation, respectively. Patients needing
pre-prosthetic rehabilitation of the posterior
maxilla were treated using an equine-derived
biomaterial (Group 1) or calvaria autologous
bone (Group 2), according to the morphology
of the bone defect. Bone graft integration was
evaluated on bone samples obtained from the
treated areas at the moment of dental implant
insertion, by morphological and immunohisto-
chemical analyses for TGFβ1, OPG, RANKL,
VEGF, BSP, and SPARC expression. Morpho -
logical analysis shows the presence of bioma-
terial residual granules in Group 1, in parallel
to a good integration between graft and host
tissue. Moderate TGFβ1 expression is seen in
both Group 1 and Group 2. OPG/RANKL ratio
appears higher in Group 1; VEGF expression
appears very strong in Group 1 and strong in
Group 2, while BSP and SPARC expression
results weak in Group 1 and moderate in Group
2. Our results reveal the good integration
between both types of graft and the host tissue,
even though autologous graft seems to pro-
duce a faster regenerative process, as evi-
denced by the different expression of the

investigated  molecules. According to these
observations, the clinical use of heterologous
particulate equine-derived biomaterial may
ensure long-term predictability of implant-
prosthetic rehabilitation, comparable to that
obtained with autologous bone graft.

Introduction

The use of regenerative procedures before
implant-prosthetic oral rehabilitation is
required to counteract vertical and horizontal
bone loss and, mostly, to obtain an adequate
bone quantity and quality to ensure primary
stability at implant insertion. Several bone
grafting materials were proposed for bone
regeneration, such as autogenous, allogenic
and xenogenic biomaterials, or a combination
of them and, as the biological response of host
tissue can be related to biomaterial origin,
attention was focused on the interactions
occurring between grafts and host tissue.1,2 As
already reported by Mangano et al., heterolo-
gous biomaterials were found to be as clinical-
ly efficient as autologous bone for their capac-
ity of osteoconduction, even if little is known
about their capability to be resorbed, and about
the time they need to be fully replaced by newly
formed bone tissue.3 In fact, a biomaterial
showing a too rapid resorption rate may result
unsuitable for bone augmentation procedures,
because it could be completely resorbed before
osteogenic cells have colonized the defect; on
the other hand, a biomaterial showing no
resorption could cause problems to the regen-
eration of bone with a lower osteogenesis abil-
ity in respect to native autologous bone.4,5

In literature, only a few studies were report-
ed about the use of an equine-derived bone
substitute, which seems to be able to induce
osteoblast differentiation, to be resorbed in
vitro by osteoclasts and to be successfully used
in mandibular ridge augmentation.6,7

Moreover, the integration of a bone graft
results in a remodeling process similar to the
physiological bone healing event following a
bone fracture.8 Bone remodeling occurs
through different steps, which start from a
lesion of the vascular structure at the site of
the injury reducing the supply of nutrients and
determining an initial bone resorption. The
hematoma generated activates signaling mole-
cules and growth factors, which stimulate pro-
liferation and differentiation of osteo-progeni-
tor cells. Among them, Transforming Growth
Factor-β (TGF-β) superfamily and angiogenic
factors are included. In particular, TGFβ1 is
essential for osteoblastic differentiation of
mesenchymal precursors, it induces the syn-
thesis of bone morphogenenetic proteins
(BMPs) and promotes osteoid and extracellu-
lar protein production such as collagen, osteo-
pontin and osteonectin.9 Moreover, TGF-β1 is

an important factor  for osteoclasts and
osteoblasts coupling: in fact, it not only pro-
motes the recruitment of hematopoietic osteo-
clast precursors, but also shows an inhibitory
effect on bone resorption and stimulates the
production of osteoprotegerin (OPG).10

OPG is expressed by osteoblasts and regu-
lates bone homeostasis by inhibiting osteo-
clastogenesis and bone resorption.11 OPG,
binding to RANKL on osteoblast/stromal cells,
blocks the RANKL/RANK interaction between
osteoblast/stromal cells and osteoclast precur-
sors, inhibiting osteoclast precursor differenti-
ation, reducing osteoclast production and reg-
ulating osteoclast-mediated resorption.12

Moreover, in such processes a main role is also
played by angiogenic factors, among which
Vascular Endothelial Growth Factor (VEGF) is
included. VEGF is produced by endothelial
cells and osteoblasts and is involved in early
bone remodeling phases since it controls
osteoblast growth.13

The early phases of bone graft integration
are followed by remodeling phenomena driven
by molecules produced by osteoblasts, as Bone
Sialoprotein (BSP) and Secreted Protein
Acidic and Rich in Cysteine (SPARC), leading
to new extracellular matrix deposition and to
its subsequent mineralization. BSP is a com-
ponent of the extracellular matrix which plays
important functions in the regulation of new
bone apposition and remodeling. BSP expres-
sion is up-regulated by factors inducing
osteoblast differentiation, released by active
osteogenic cells at the site of new bone forma-
tion, even though it has also been shown to
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promote osteoclastic resorption of mineralized
surfaces.14,15

SPARC, also known as osteonectin, is a col-
lagen-binding glycoprotein that appears to reg-
ulate cell growth through interactions with
extracellular matrix (ECM) and cytokines.16 It
is secreted by osteoblasts during bone forma-
tion, initiating a mineralization process and
promoting mineral crystal formation. It is a
modulator of the mineralizing process, essen-
tial for bone graft integration, such as the bone
healing around dental implants.17 

Based on this knowledge, the aim of our
work was to analyze and to compare the molec-
ular events switched on by autologous or het-
erologous bone graft insertion, focusing our
attention on TGFβ1 expression and
OPG/RANKL ratio, to analyze resorption
process, and to estimate bone graft vascular-
ization, new bone formation and its mineral-
ization, through VEGF, BSP and SPARC expres-
sion evaluation, respectively. By understand-
ing the mechanism underlying graft integra-
tion and by comparing the results obtained
with the use of the heterologous bone substi-
tute to that obtained with the use of autolo-
gous bone it should be verified if equine-
derived bone substitute possesses characteris-
tic, which may permit a good integration with-
in the host bone tissue, thus clinically ensur-
ing an adequate primary stability to the
implant and predictability of the implant-pros-
thetic rehabilitation.

Materials and Methods

Patients selection
Twenty patients (13 males, 7 females; age

ranging 45-58) with inadequate bone volume
in the posterior maxilla, were scheduled for
bone augmentation procedures followed by
implant placement. The patients were divided
into two groups (n=10), according to the
severity and morphology of the bone defect,
mirroring Classes C and F of the Chiapasco’s
Classification of the Posterior Maxilla (Table
1).18 All patients received sufficient informa-
tion about the inclusion in this study and gave
written consent in accordance with Italian
Legislation and with the code of Ethical
Principles for Medical Research involving
Human Subjects of the World Medical
Association (Declaration of Helsinki). Ten
patients (8 males, 2 females; age ranging 45-
54), having Class C bone defects, underwent
maxillary sinus augmentation procedure with
a bone substitute of equine origin (BioBone®

Osteoconductor Mix, BioSAF IN S.r.l., Ancona,
Italy) (Group 1), and ten patients (5 males, 5
females; age ranging 46-58), with Class F bone
defects, received an onlay bone graft and a
maxillary sinus augmentation procedure with

bone obtained from the parietal region of the
calvaria (Group 2). 

BioBone® Osteoconductor Mix is a rea-
sorbable, collagen-deprived, and deantigenat-
ed osteoconductive biomaterial, obtained after
a biological process of deantigenation at 37°C
in a humid atmosphere, made up of a cortico-
cancellous mixture of equine origin (particles
width 0.5-1 mm). The autologous bone blocks
from the parietal region of calvaria were taken
from calvaria under general anesthesia by a
piezoelectric instrument (Easy Surgery®,
BioSAF IN S.r.l.), shaped according to the
dimension of the defects, properly fitted in the
recipient site, and fixed with lag screw to
rebuild the alveolar ridge. All gaps between the
bone blocks and the recipient sites and the
maxillary sinus were packed with bone chips
obtained from the same donor site, and the
grafted areas covered with a resorbable barrier
(Biobone® Collagen Membrane, BioSAF IN
S.r.l.)

Post-operative healing was uneventful for
all the patients, and therefore, after about 6

months they were scheduled for a second sur-
gery for implant placement. Contextually the
intervention of implant insertion, bone sam-
ples were retrieved by a 3 mm-diameter and 8
mm-height trephine bur under sterile saline
solution irrigation in the sites of implant
placement, in order to obtain significant spec-
imens of bone regenerated with heterologous
bone substitute in Group 1 patients, while in
Group 2 patients bone samples were obtained
from the lateral maxillary wall between the
sites of implant placement.

Light microscopy analysis and
immunohistochemistry 

Samples of bone tissues were fixed in 10%
phosphate-buffered formalin for 24 h, and
decalcified in 10% tetrahydrated EDTA, accord-
ing to data sheet (MIELODEC kit, Bio-Optica,
Milan, Italy). Subsequently, they were dehy-
drated through ascending alcohols and xylene,
and then paraffin embedded. Samples were de-
waxed (xylene and alcohol at progressively
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Table 1. Chiapasco’s classification of the posterior maxilla.

Class Height Thickness of Interarch distance
of the residual the residual 

ridge ridge

A >5 mm <8 mm ≥6 mm Normal
B >5 mm <8 mm <6 mm Normal
C <5 mm ≥6 mm Normal
D <5 mm <6 mm Normal
E >5 mm <8 mm ≥6 mm Increased
F >5 mm <8mm <6 mm Increased
G <5 mm ≥6 mm Increased
H <5 mm <6 mm Increased
I Completely resorbed alveolar ridge with increased distance interarch and Class III skeletal relationships

Figure 1. Hematoxylin and eosin staining of Group 1 and Group 2 specimens.
Magnification 20x. Group 1: bone tissue specimens obtained from equine-derived bone
substitute grafted area; Group 2: bone tissue specimens obtained from calvaria bone graft-
ed area. Inset (40x) shows, in group 1 specimens, grafted biomaterial particles, in group
2 specimens, large mineralized areas within which newly formed bone can be recognized
because of osteocyte lacunae lack and absence of lamellar organization; xb, xenogenous
bone; ob, old bone; nb, new bone.
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decreasing concentrations), sliced 5 μm thick
and processed for hematoxylin-eosin staining
and for immunohistochemical analysis.

In order to detect TGFβ1, OPG, RANKL,
VEGF, BSP, and SPARC proteins, immunohisto-
chemistry was performed on 5 μm-thick sec-
tions by means of Ultravision LP Detection
System HRP Polymer & DAB Plus Chromogen
(Lab Vision Thermo, CA, USA). To reduce non-
specific background staining due to endoge-
nous peroxidase, sections were incubated with
hydrogen peroxidase block solution for 10 min.
Slides were then incubated in the presence of
mouse anti-TGFβ1, anti-RANKL and anti-
SPARC monoclonal antibodies, and rabbit anti-
VEGF polyclonal antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), mouse
anti-OPG monoclonal antibody (Acris
Antibodies, Herford, Germany), and mouse
anti-BSP monoclonal antibody (Calbiochem,
Darmstadt, Germany).

Sections were incubated in the presence of
specific HRP-conjugated secondary antibodies.
Peroxidase was developed using diaminoben-
zidin chromogen (DAB), and nuclei were
hematoxylin counterstained. Negative controls
were performed by omitting the primary anti-
body. Randomly selected slides belonging to
each sample were then observed by means of
Leica DM 4000 light microscopy (Leica
Cambridge Ltd, Cambridge, UK), equipped
with a Leica DFC 320 camera (Leica
Cambridge Ltd) for computerized images. 

Computerized morphometry 
measurements and image analysis

After digitizing the images obtained from
the immunohistochemical stained sections,
QWin Plus 3.5 software (Leica Cambridge Ltd)
was used to evaluate TGFβ1, OPG, RANKL,
VEGF, BSP and SPARC expression. Image
analysis of protein expression was performed
through the quantification of immunohisto-
chemical brown chromogen, expressed as per-
centage of positive area respect to total area of
the field, as an average value per ten fields,
randomly chosen, for each sample at light
microscope observation. 

Moreover, intensity of staining (IS) was
graded on a scale of 0-4, according to the fol-
lowing assesssments: 0, no detectable stain-
ing; 1, weak staining; 2, moderate staining; 3,
strong staining; 4, very strong staining, as pre-
viously reported.19 The positive immunolabel-
ing for TGFβ1, OPG, RANKL, and VEGF was
cytoplasmic; the positive immunolabeling for
BSP and SPARC was in the pericellular space.

Quantification of immunohistochemical
brown chromogen was performed at 20x mag-
nification by three different researchers, and
the final result was a mean value of the three
separate evaluations. Cohen’s kappa coeffi-
cient was applied to measure the agreement
between the three observers and averaged over
all three to evaluate overall agreement using
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Figure 2. A) Immunohistochemical analysis of TGFβ1 expression in Group 1 and Group
2 specimens. Magnification 20x. Group 1: bone tissue specimens obtained from equine-
derived bone substitute grafted area; Group 2: bone tissue specimens obtained from cal-
varia bone grafted area; C(-), negative control. Moderate TGFβ1 immunolabeling of both
Group 1 and Group 2 bone tissue; no TGFβ1 immunostaining is seen in negative control.
B) Graphic representation of densitometric analysis of TGFβ1 positive area ± SD, deter-
mined by direct visual counting of ten fields (mean values) for each of five slides per spec-
imens at 20x magnification. 

Figure 3. A) Immunohistochemical analysis of OPG expression in Group 1 and Group 2
specimens.  Moderate OPG immunolabeling in Group 1 and weak OPG immunolabeling
in Group 2 bone tissue; no OPG immunostaining is seen in negative control. B)
Immunohistochemical analysis of RANKL expression, in Group 1 and Group 2 speci-
mens, respectively. Magnification 40x. Group 1: bone tissue specimens obtained from
equine-derived bone substitute grafted area; Group 2: bone tissue specimens obtained
from calvaria bone grafted area; C(-), negative control. Weak RANKL immunolabeling in
both Group 1 and Group 2 bone tissue; no RANKL immunostaining is seen in negative
control. C) OPG/RANKL ratio values; *P<0.05.
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the following grading: 0-0.2 (slight), 0.21-0.40
(fair), 0.41-0.60 (moderate), 0.61-0.80 (sub-
stantial), and 0.81-1.0 (almost perfect)20.

Negative control images were randomly cho-
sen. The statistical significance of the results
was evaluated by the Wilcoxon, Mann-Whitney
Test, using R Software, ver. 2.12.1 for Mac and
setting P=0.05. After collecting results, the
mean data were reported and showed in an
histogram using Excel 2010 for Microsoft
Windows.

Results

Light microscopy analysis and
immunohistochemistry 

Morphological analysis was performed at
light microscope after hematoxylin-eosin stain-
ing (Figure 1). In Group 1 specimens the native
bone tissue and connective tissue fibers could
be identified. Moreover, the grafted biomaterial
particles are easily distinguished (purple
areas) due to their lack of tissue structure, as
better shown by the inset. Group 2 sample
shows large mineralized areas close to dense
areas of connective tissue, within which newly
formed bone is recognizable because of osteo-
cyte lacunae lack and absence of lamellar
organization (inset). Molecular modifications
occurring after bone substitutes placement,
concerning their ability to be integrated and to
be clinically suitable, were then investigated by
immunohistochemical analysis. TGF-β1
expression, essential for osteoblastic differen-
tiation and osteoid and extracellular proteins
production, do not show any statistically signif-
icant difference between the two experimental
groups (Figure 2); in fact, moderate TGF-β1
immunolabeling is seen both in Group 1 and
Group 2. Moreover, since TGF-β1 stimulates
OPG production, inhibiting the RANKL/RANK
interaction, OPG and RANKL expressions were
checked. Moderate OPG immunolabeling is
found in Group 1 and weak OPG immunolabel-
ing in Group 2, whereas weak RANKL immuno-
labeling is seen both in Group 1 and Group 2.
The OPG/RANKL ratio is higher than 1 in both
groups. However, Group 1 samples show a
mean ratio of about four fold higher than that
observed in Group 2 specimens (2.4 vs 1.1), due
to the concomitant increase of OPG and a sig-
nificant decrease of RANKL expression in sam-
ples from sites regenerated with the equine-
derived bone substitute (Figure 3).  When the
expression of VEGF, an angiogenic factor
involved in early bone remodeling phases, was
evaluated a very strong VEGF immunolabeling
in Group 1 and strong VEGF immunolabeling in
Group 2 is found (Figure 4) (P<0.05).

Finally, new bone formation and bone min-
eralizing processes were assessed taking into
consideration BSP and SPARC expression lev-
els, respectively. Weak BSP immunolabeling in
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Figure 4. A) Immunohistochemical analysis of VEGF expression in Group 1 and Group 2
specimens. Magnification 20x. Group 1: bone tissue samples obtained from equine-
derived bone substitute grafted area; Group 2: bone tissue specimens obtained from cal-
varia bone grafted area; C(-), negative control. Very strong VEGF immunolabeling in
Group 1 and strong VEGF immunolabeling in Group 2 bone tissue; no VEGF immunos-
taining is seen in negative control. B) Graphic representation of densitometric analysis of
VEGF positive area ± SD determined by direct visual counting of ten fields (mean values)
for each of five slides per specimens at 20x magnification (*P<0.05). 

Figure 5. A) Immunohistochemical analysis of BSP expression in Group 1 and Group 2 spec-
imens, respectively. Weak BSP immunolabeling in Group 1 and moderate BSP immunola-
beling in Group 2 bone tissue; no BSP immunostaining is seen in negative control. B)
Immunohistochemical analysis of SPARC expression, in Group 1 and Group 2 specimens,
respectively. Magnification 20x. Group 1: bone tissue specimenss obtained from equine-
derived bone substitute grafted area; Group 2: bone tissue specimens obtained from calvaria
bone grafted area; C(-), negative control. Weak SPARC immunolabeling in Group 1 and
moderate SPARC immunolabeling in Group 2 bone tissue; no SPARC immunostaining is
seen in negative control. C) Graphic representation of densitometric analysis of BSP and
SPARC positive area ± SD determined by direct visual counting of ten fields (mean values)
for each of five slides per specimens at 20x magnification (*P<0.001; **P<0.001).
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Group 1 and moderate BSP immunolabeling in
Group 2 is seen, whereas weak SPARC
immunolabeling in Group 1 and moderate
SPARC immunolabeling in Group 2 is evi-
denced (P<0.001) (Figure 5). For all densito-
metric evaluations, interobserver agreement,
measured using the Kappa coefficient, was
0.90 (almost perfect).

Discussion

Regenerative procedures employing autolo-
gous, homologous or heterologous bone grafts
lead to bone defect repair through different
biological mechanisms. The very good results
obtained with the use of autologous bone
grafts were widely demonstrated.21,22

Histological and clinical studies showed the
possibility to have predictable results with the
use of calvaria bone grafts, with no inflamma-
tory phenomena and a minimum resorption
rate during the healing period, along with a
high rate of clinical success for the subsequent
implant rehabilitation.23

Clinicians are constantly searching for a
heterologous bone substitute that combines
the osteo-regenerative features of autologous
bone eliminating the limits imposed by the
need for a second surgery. Most of the current-
ly used heterologous grafts do not show ideal
characteristics for bone regeneration such as
osteogenic, osteoinductive and angiogenic
potentials, biological safety, no size restric-
tions, long shelf life and reasonable cost.24

The present study aimed to evaluate, by
morphological and immunohistochemical
analyses, an equine bone substitute and an
autologous bone graft, 6 months after the graft
placement, in terms of ability of integration
with the host tissue. The graft integration
process is in part similar to bone fracture heal-
ing.8 Complete healing is obtained during the
remodeling phase, when osteoblasts and
osteoclasts cooperate to convert the callus of a
fracture in a definitive functional bone struc-
ture. Bone resorption and formation events are
tightly coordinated and balanced in healthy
bone.25 For this reason, the first step of our
study was to evaluate TGFβ1 expression, as its
role in osteoblast/osteoclast coupling was
demonstrated.10 Both Group 1 and Group 2
show a discrete TGFβ1 expression, suggesting
that bone remodeling phenomena occurred in
all the grafted areas. To better elucidate the
host tissue response to the different bone sub-
stitutes, attention was focused on the
OPG/RANKL ratio, often used as a bone resorp-
tion index.11 In fact, OPG, by inhibiting the
RANKL/RANK binding, protects osteoclasts-
mediated bone resorption acting on osteo-
clasts differentiation from precursors.8 Recent
studies showed an increasing expression and
activity of RANKL in bone pathologies charac-

terized by bone resorption such as osteoporo-
sis and osteoarthritis, and a compensatory
increase of OPG in bone diseases, such as
Paget’s syndrome, in which an anomalous
higher bone formation takes place.25

The balance between RANKL and OPG con-
trols the osteoclast activity and undergoes an
endocrine regulation. In fact, it is usually
preferable to evaluate OPG/RANKL ratio rather
than OPG and RANKL absolute values. Thus an
OPG/RANKL ratio <1 suggests a RANKL pre-
dominant activity, and, as a consequence, bone
resorption events are predominant; on the
other hand an OPG/RANKL ratio >1 reveals
OPG greater activity and predominant in new
bone formation processes.26 The specimens of
both groups show an OPG/RANKL ratio >1,
suggesting that the bone protection process
was predominant on RANKL/RANK cascade
activation. However, the lower values of Group
2 specimen led us to hypothesize that the inte-
gration between host bone and autologous
graft could be at a more advanced stage in
respect to Group 1 specimens, since the occur-
rence of bone resorption and new bone apposi-
tion phenomena was nearer to balance in
Group 2. This evidence is also confirmed by
morphological analysis, that reveals a stronger
integration between host tissue and bone graft
in Group 2 specimens while, on the contrary, in
Group 1 specimens some of the equine-derived
biomaterial particles are still evident and few
newly formed mineralized tissue areas can be
observed.

In order to support these morphological
aspects, angiogenesis, new bone formation
and mineralization processes were evaluated,
by investigating VEGF, BSP, and SPARC expres-
sion, respectively. Angiogenesis has a crucial
role in the regulation of bone remodeling and
repair.27. New blood vessel formation is essen-
tial to allow circulating osteoclast and
osteoblast precursors to move towards the site
of remodeling.28 Moreover, VEGF supports
osteoblast growth in the initial phase of bone
graft integration.13 In our study, VEGF expres-
sion is higher in Group 1 specimens indicating
that intense neo-angiogenic phenomena were
occurring in heterologous bone grafted sites,
six months after the maxillary sinus augmen-
tation procedure. This evidence could point to
the fact that in autologous bone grafts this
phase was already ended. In previous reports
from our laboratory, in fact, extra-oral autolo-
gous bone grafts, showing an intense angio-
genesis phenomena four months after graft-
ing, with VEGF values significantly higher than
in native bone tissue  were found.29

Furthermore, the expression of molecules,
such as BSP and SPARC, index of graft consol-
idation involved in new bone formation and
mineralizing activity, indicate that sites treat-
ed with calvaria bone graft seemed to reach
earlier a higher stage of mineralization com-
pared to the equine bone grafted specimens. 

Such results led us to conclude that host
bone tissue, undergoing regenerative phenom-
ena, positively reacted to the placement of both
biomaterials. In particular, the equine-derived
biomaterial shows good characteristics, in
terms of both clinical and microscopic integra-
tion. However, at the same experimental time,
sites treated with autologous bone clearly
show a better organization, which could
ensure a better primary stability to the implant
and a higher predictability of the implant-pros-
thetic rehabilitation. In addition, in sites treat-
ed with autologous bone, a balance between
matrix deposition and resorption is observed,
suggesting that the regenerative process
shows a higher rate of progression, than in
sites treated with the equine bone graft in
which this process seems to be slower.
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