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Objective: The aim of this paper was to evaluate the repair of onlay autogenous bone 

and Methods: Eighty female rats were randomly divided into two groups: ovariectomized 
(OVX) and with a simulation of the surgical procedure (SHAM). Each of these groups 
was again divided into groups with either placement of an autogenous bone graft 
alone (BG) or an autogenous bone graft associated with an e-PTFE membrane (BGM). 
Animals were euthanized on days 0, 7, 21, 45, and 60. The specimens were subjected to 
immunohistochemistry for bone sialoprotein (BSP), osteonectin (ONC), and osteocalcin 
(OCC). Results: All groups (OVX+BG, OVX+BMG, SHAM+BG, and SHAM+BMG) showed 
greater bone formation, observed between 7 and 21 days, when BSP and ONC staining 
were more intense. At the 45-day, the bone graft showed direct bonding to the recipient 
bed in all specimens. The ONC and OCC showed more expressed in granulation tissue, in 
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INTRODUCTION

The increased life expectancy of the population 
has led to increased demand for rehabilitation 
using osseointegrated implants and reconstructive 
procedures. To receive an implant, a site must have 
adequate alveolar bone volume1,7,13. When there 
is an inadequate alveolar ridge for this purpose, 
certain techniques may be used to promote an 
increase in bone tissue, such as autogenous bone 
grafts and guided bone regeneration3,5,7,25,26,29. 
Additionally, in association with the population’s 
aging, there has been an increase in the prevalence 
of diseases that may interfere with the process 
of osseointegration, such as osteoporosis. This 
disease affects millions of people around the world 
and is characterized by decreased bone mass and 

structural deterioration, leading to an increased 
risk for fractures9,17,25.

Because the interference of osteoporosis with 
bone repair is highly debated, it is important 
to investigate the mechanisms by which this 
disease can jeopardize the osteointegration 
process. Several studies7,8,10 have aimed to 
describe this relationship, which observed that 

the bone healing process during osteointegration 
after titanium implants were placed in OVX rats 
tibias, leading to less contact area between 
the implant surface and the bone, and showed 
that the bone healing of drill-hole defects in 
mice with OVX-induced osteoporosis exhibited 
impaired angiogenesis in the early stage, impaired 
osteogenesis in the middle stage, and impaired 
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remodeling in the late stage, which resulted in 
compromised mechanical properties in the end.

Despite the negative effects demonstrated 
by some studies mentioned above, other studies 
have presented contradictory, and showed that 
ovariectomy did not seriously affect bone healing 
after the placement of implants in cortical bone 
areas, but it reduced the bone contact ratio and 
the bone in the cancellous bone area, and that 

not crucial for fracture healing. There is a lack 

markers for bone formation after onlay autogenous 
bone graft placement on the mandibula.

About markers for bone formation, Langille 
and Solursh16 (1990) showed that culture of 
mesenchyme mandibular cells initiate expression 
of type I and II collagen at early periods, followed 
by type X, which coincided with the onset of 
mineralization. After that, they loste cartilage 
markers and began to express bone sialoprotein 
II (BSP II), osteocalcin, and type I collagen. In 
addition, osteonectin and alkaline phosphatase 
were demonstrable in vitro by cells in later periods. 

by von Kossa staining.
According to Nagata, et al.21 (1991), the initial 

distribution of BSP may modify bone formation 
and mineralization. Both osteopontin and bone 
sialoprotein are located ahead of the mineralization 
front, being necessary for the initiation of the 
process. Bone sialoprotein may be considered a 
crystal nucleator. Osteocalcin and osteonectin are 
not present in areas of initial crystal formation, 
but are seen in the entirely mineralized matrix27.

The three bone-forming markers were chosen 
based on their structural and mineral-inducing 
properties, in addition to these proteins’ capacity 
to alter recruitment, attachment, differentiation, 
and activity of bone cells.

Therefore, the aim of this study was to 
evaluate the immunohistochemical expression 
of bone marker proteins in the bone repair of 
onlay autogenous grafts in ovariectomized rats. 
Additionally, the study aimed to observe whether the 

healing in this systemic condition.

MATERIAL AND METHODS

Animals
The present study was conducted in 

accordance with the Ethical Principles for Animal 
Experimentation adopted by the Brazilian School 
of Animal Experimentation (COBEA) and approved 
by the Research Ethics Committee at the College of 

Dentistry of São José dos Campos – Univ. Estadual 
Paulista (ICT-UNESP) under protocol number 
026/2008-PA/CEP.

Eighty 3-month-old, adult female Wistar rats 
that weighed approximately 300 grams were 
enrolled in the present study. During the entire 
period of the study, the animals were housed in 
groups of six in plastic cages, and food and water 
were given ad libitum to all the animals. Prior to 
the beginning of the experimental procedures, 
the animals were allowed to acclimatize to the 
laboratory environment for 5 days. The animals 
were randomly divided into 2 groups: Group OVX 
was subjected to an ovariectomy procedure, and 
Group SHAM was subjected to sham surgery. 
Each group was divided into the following two 
subgroups: placement of an autogenous bone graft 
(BG) and an autogenous bone graft associated with 
an e-PTFE membrane (BGM) (WL Gore, Newark, 
Delaware, USA).

Ovariectomy
The animals were anesthetized using a 2% 

xylazine solution (Rompum, Bayer, São Paulo, 
SP, Brazil) and ketamine (Dopalen, Agribands, 
Paulínia, SP, Brazil) at a ratio of 1:1 (0.3 ml/100 
g of body weight). In the OVX group (40 animals), 
two small incisions (~10 mm) were made 
beginning after the last rib, one on each side of 
the back of the animal. Afterward, the ovaries were 
held up and ligatures were made to avoid bleeding. 
Then, the ovaries were completely excised. In the 
SHAM group (40 animals), after the incisions, the 
bilateral ovaries were held up and then returned 
to their original position without being excised. 
The incisions were sutured using a resorbable 
material for the muscle layer (poligalatin 910 – 
Vycril 4.0 – Ethicon Johnson & Johnson, São José 
dos Campos, SP, Brazil) and silk sutures for the 
skin (4.0 Ethicon, Johnson & Johnson, São José 
dos Campos, SP, Brazil)

Bone graft surgery
After 30 days, a new surgical procedure for 

the placement of autogenous bone grafts was 
performed as described by Jardini, et al.13 (2005). 
The calvarium was used as the donor area, and the 
angle of the mandible was the recipient area. The 
graft was initially removed using a trephine drill 
with an external diameter of 4.1 mm (Neodent, 
São Paulo, SP, Brazil) and then punctured in the 
center using a ½ carbide bur (KG Sorensen, Cotia, 
SP, Brazil) at low rotation and cooled with saline. 
Three perforations were made at the angle of the 
mandible using the ½ carbide bur under cooling 
conditions, which enabled the stable attachment 
of the bone block to the recipient bed using a 5.0 
green braided polyester suture (Ethicon, Johnson 
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& Johnson, São José dos Campos, SP, Brazil). 
Afterward, the e-PTFE membrane was adapted, 
covering the bone graft in the OVX+BGM and 
SHAM+BGM. These procedures allowed close 
contact between the graft and the surface of the 
mandibular bone (Figure 1).

After the graft procedure, the muscle layer was 
sutured using a 5.0 absorbable polyglactin 910 
suture (Ethicon, Johnson & Johnson, São José dos 
Campos, SP, Brazil), followed by suturing of the 
skin using a 4.0 silk suture (Ethicon, Johnson & 
Johnson, São José dos Campos, SP, Brazil). The 
latter was also used to suture the donor area. After 
the surgery, a single dose of antibiotics (1 mg/kg) 
was administered intramuscularly to all animals 
(Pentabiotic, Fort Dodge, São Paulo, SP, Brazil). 
Euthanasia was performed using an overdose of 
anesthetics immediately after surgery (0 hour) and 
7, 21, 45, and 60 days after the surgical procedure 
(Figure 2).

Histological procedures
The specimens were demineralized using a 

10% EDTA solution at pH 7.8 in a microwave 
oven (PELCO 3441, Ted Pella, California, USA). 
The demineralized specimens were sectioned 
transversely at the central region of the bone 

oriented toward the cutting surface.

Immunohistochemical procedures
The blocks were sliced at a thickness of 3 

for osteocalcin (OCC) (FL-110:sc-30044; Santa 
Cruz Biotechnology, Paso Robles, CA, USA), 
bone sialoprotein (BSP), and osteonectin (ONC). 
The BSP (LF-87) and ONC (LF-23) antibodies 
were kindly donated by Dr. Larry W. Fisher at 
the National Institute of Dental and Craniofacial 
Research at the National Institutes of Health 
(Bethesda, MD, USA). 

Antigen retrieval was performed using citrate (pH 
6.0) in a microwave oven followed by the blocking 
of endogenous peroxidase using a solution of 50% 
methyl alcohol and hydrogen peroxide (20-volume 
solution) (1:1). The samples were incubated in 
bovine serum albumin (BSA) for 1 hour inside 

Samples were then incubated with the primary 
antibodies (BSP, 1:150, 1 hour, room temperature; 
ONC, 1:400, 1 hour, room temperature; OCC, 
1:400, 4°C, overnight) followed by incubation 
with a secondary antibody (Universal LSAB TM 
Kit/HRP, Rb/Mo/Goat – DAKO, Carpinteria, CA, 
USA) for 30 minutes. A final incubation was 
performed using the tertiary complex streptavidin 
peroxidase (Universal LSAB TM Kit/HRP, Rb/
Mo/Goat – DAKO, Carpinteria, CA, USA) for an 
additional 30 minutes. The reaction was visualized 
using diaminobenzidine (DAB – DAKO, Carpinteria, 
CA, USA). Counterstaining was performed using 
Mayer’s hematoxylin, and the specimens were 
mounted in Permount.

As a positive control for BSP and ONC was used 
on rat bone tissue repair area. Megakaryocytes 
were used as a positive control for OCC. Negative 
controls were obtained by the omission of primary 
antibodies.

Figure 1- Surgical procedure: a) the calvarium was 
used as the donor area to graft removed; b) angle of 
the mandible was the recipient area; c) recipient bed; 
d) perforation was made at the angle of the mandible, 
which enabled the stable attachment of the bone block; 
e) bone block in position; f) e-PTFE membrane was 
adapted, covering the bone graft in the OVX+BGM and 
SHAM+BGM

Figure 2- Periods of euthanasia
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Analysis
Microscopic analysis was conducted using 

an Axiophot 2 light microscope (Carl Zeiss, 
Oberkochen, Germany) coupled with an AxioCam 
MRc 5 digital camera (Carl Zeiss, Oberkochen, 
Germany), which transmitted images to the 
AxioVision Release 4.7.2 computer software.

The intensity of the immunohistochemical 
staining of predetermined structures and cells 

categorized as mild (+), moderate (++), or intense 
(+++)12.

RESULTS 

The OVX+BG and OVX+BGM groups presented 
greater marrow spaces and connective tissue 
compared to the SHAM groups, showing the 

(Figures 3, 4, and 5).

BSP
Within the same period, the 4 groups exhibited 

similar characteristics. At 0 hours, the bone 
matrix from the recipient bed and graft showed 
mild positivity in all groups for all periods. The 
OVX+BG and OVX+BMG groups showed moderate 
staining of the reversal lines of the recipient bed. 

(CT= Connective Tissue; RB=Recipient Bed; G= Graft; NB= Newly Formed Bone)
BG= Bone Graft; BGM= Autogenous Bone Graft Associated with e-PTFE membrane

Hour 0 Day 7 Day 21 Day 45 Day 60
OVX/SHAM OVX/SHAM OVX/SHAM OVX/SHAM OVX/SHAM
BG BGM BG BGM BG BGM BG BGM BG BGM

Bone matrix + + + + + + + + + +

Newly bone RB-G - - +++ +++ +++ +++ +/++ +/++ +/++ +/++

Newly bone around G - - - - +++ +++ +/++ +/++ +/++ +/++

Osteocytes RB +/++ +/++ +/++ +/++ +/++ +/++ +/++ +/++ +/++ +/++

Osteocytes graft ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

Osteocytes NB - - +++ +++ +++ +++ ++ ++ +/++ +/++

Osteoblasts - - +++ +++ +++ +++ ++ ++ +/++ +/++

Reversal lines ++ - +++ +++ +++ +++ +++ +++ ++ ++

CT B-G - - - - - - - - - -

CT G - - - - - - - - - -

Figure 3- Bone sialoprotein (BSP). Structures labeled and staining intensity

(CT= Connective Tissue; RB=Recipient Bed; G= Graft; NB= Newly Formed Bone)
BG= Bone Graft; BGM= Autogenous Bone Graft Associated with e-PTFE membrane

Hour 0 Day 7 Day 21 Day 45 Day 60
OVX/SHAM OVX/SHAM OVX/SHAM OVX/SHAM OVX/SHAM
BG BGM BG BGM BG BGM BG BGM BG BGM

Bone matrix - - - - - - - - - -

Newly bone B-G - - - - - - - - - -

Newly bone around G - - - - - - - - - -

Osteocytes-recipient bed - - - - - - - - - -

Osteocytes graft +/++ +/++ +/++ +/++ +/++ +/++ +/++ +/++ +/++ +/++

Osteocytes NB - - +/+++ +/+++ +/+++ +/+++ -/+ -/+ - -

Osteoblasts - - +++ +++ ++/+++ ++/+++ +/+++ +/+++ +/++ +/++

Reversal lines - - - - - - - - - -

CT B-G - - +++ +++ +++ +++ +++ +++ +/++ +/++

CT G - - + ++/+++ +/++ +++ +/++ +++ + ++

Figure 4- Osteonectin (ONC). Structures labeled and staining intensity
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At 7 and 21 days, newly bone tissue formed on 
the surface of the recipient bed exhibited intense 
staining. The osteoblasts present at the periphery 
of the recipient bed and around the immature 
bone trabecular showed intense staining as well 
as large osteocytes, which were interspersed 
in the immature bone trabecular. At day 45, 
the newly formed bone tissue, both at the bed-
graft interface and at the periphery of the graft, 
presented mild to moderate staining in all groups. 
Large osteoblasts and osteocytes in this area were 
moderately stained. At day 60, the newly formed 
bone tissue in the bed-graft interface and around 
the graft showed diffuse staining that ranged from 
mild to moderate with a predominance of mildly 
positive areas. Osteocytes in this area sometimes 
accompanied the staining, and sometimes these 
samples showed mild to moderate staining only in 
the lacuna. The osteoblasts in this region presented 
mild to moderate staining. The reversal lines were 
moderately positive (Figure 6a and Figure 6b).

ONC
At 0 hours, the immunohistochemical staining 

was similar in all four groups. Only osteocytes 
located in the median region of the graft were 
stained, which varied from mild to moderate 
intensity. At day 7, the OVX+BG and SHAM+BG 
groups presented a large amount of intensely 
stained granulation tissue interposed between the 
graft and the recipient bed. The OVX+BGM and 
SHAM+BGM groups also showed this same staining 
pattern, though the amount of granulation tissue 
in this area was smaller. The granulation tissue 
surrounding the graft was mildly stained in the 
OVX+BG and SHAM+BG groups, while this tissue 
presented moderate to intense staining in the 

OVX+BGM and SHAM+BGM groups. Osteoblasts 
showed intense staining, and osteocytes in 
the immature bone trabecular exhibited varied 
staining that was sometimes mild and sometimes 
intense. The most intense staining was observed 
in larger osteocytes. At day 21, the connective 
tissue present at the bed-graft interface presented 
intense staining in all four groups. The OVX+BG 
and SHAM+BG groups showed mild to moderate 
staining in the connective tissue surrounding 
the graft, while the OVX+BGM and SHAM+BGM 
groups showed intense staining. The osteoblasts 
showed moderate to intense staining, whereas 
the largest osteocytes present in the immature 
bone trabeculae showed more intense staining 
than those found in other areas. At day 45, the 
connective tissue interposed between the recipient 
bed and the graft showed intense staining in 
all four groups. The OVX+BG and SHAM+BG 
groups showed mild to moderate staining of the 
connective tissue surrounding the graft, whereas 
in the OVX+BGM and SHAM+BGM groups, the 
staining was intense. The osteoblasts showed mild 
to intense staining. The majority of the osteocytes 
had no staining, even the largest ones. At day 60, 
when present, the connective tissue at the bed-
graft interface showed mild to moderate staining in 
all four groups. The connective tissue surrounding 
the graft exhibited mild staining in the BG groups 
and moderate staining in the BG+M groups. The 
osteoblasts showed mild to moderate staining, 
while the osteocytes were not stained (Figure 7a 
and Figure 7b).

OCC
The bone matrix of the recipient bed and the 

graft showed discrete and diffuse staining in all 

(CT= Connective Tissue; RB=Recipient Bed; G= Graft; NB= Newly Formed Bone)
BG= Bone Graft; BGM= Autogenous Bone Graft Associated with e-PTFE membrane

Hour 0 Day 7 Day 21 Day 45 Day 60
OVX/SHAM OVX/SHAM OVX/SHAM OVX/SHAM OVX/SHAM
BG BGM BG BGM BG BGM BG BGM BG BGM

Bone matrix + + + + + + + + + +

Newly bone RB-G - - - - - - + + + +

Newly bone around G - - - - - - + + + +

Osteocytes-recipient bed + + + + + + + + + +

Osteocytes graft ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

Osteocytes NB - - + +

Osteoblasts - - +/++ +/++ +/++ +/++ +++ +++ +++ +++

Reversal lines - - - - - - - - - -

CT B-G +/+++ +/+++ +++ +++ +++ +++ +++ +++ ++ +++

CT G - - +/+++ +++ -/+ +++ -/+ +++ -/+ ++/+++

Figure 5- Osteocalcin (OCC). Structures labeled and staining intensity
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evaluated groups for all periods. At 0 hours, the 
osteocyte lacunae present at the midline region 
of the graft were moderately stained, while the 
osteocytes of the receptor showed more discreet 
marking. At day 7, the newly formed bone tissue 
showed no staining. The OVX+BG and SHAM+BG 
groups exhibited large amounts of intensely stained 

granulation tissue interposed between the recipient 
bed and the graft. The OVX+BGM and SHAM+BGM 
groups also showed this staining pattern, though 
the amount of granulation tissue in this area 
was smaller. The granulation tissue surrounding 
the graft exhibited mild to intense staining in 
the OVX+BG and SHAM+BG groups and intense 

Figure 6a- a) Bone Sialoprotein (BSP) -Day 0 Group OVX-BGM: Slight expression in recipient bed (RB) matrix and graft 
(G); b) Day 0 Group OVX-BGM: Moderate marking in reverse lines ( ); c) Day 7 Group SHAM-BG: Intense staining 
of newly formed bone (*); d) Day 7 Group SHAM-BG: Intense staining of newly formed bone (*), osteoblasts ( ) and 
osteocytes; e) Day 21. Group SHAM-BGM: Intense staining of newly formed bone (*); f) Day 21 Group SHAM-BGM: 
Osteocytes ( ) and osteoblasts ( ) showing intense staining

Immunolocalization of markers for bone formation during guided bone regeneration in osteopenic rats
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staining in the OVX+BGM and SHAM+BGM groups. 
The osteoblasts showed mild to moderate staining, 
and the large osteocytes exhibited mild staining 
in all four groups. At day 21, the newly formed 
bone tissue showed no staining. The connective 
tissue present at the bed-graft interface showed 
intense staining. In the OVX+BGM and SHAM+BGM 
groups, the connective tissue surrounding the 
graft showed intense staining, whereas, in the 
OVX+BG and SHAM+BG groups, the staining 
was either negative or mild. In all groups, the 
osteoblasts had mild to moderate staining, and 
the osteocytes present in the immature bone 
trabecular, particularly the larger ones, showed 
mild staining in the SHAM+BG and SHAM+BGM 
groups, whereas, in the OVX+BG and OVX+BGM 
groups, the staining was negative. At day 45, the 
newly formed bone tissue had diffuse and discrete 
staining at this point, similar to that observed at 
the initial time point. At day 60, the newly formed 
bone tissue in the recipient bed-graft interface 
exhibited mild and diffuse staining, as observed 

at the initial time point. This newly formed tissue 
was sometimes slightly more stained than the 
matrix. When present, connective tissues from 
the bed-graft interface showed intense staining in 
the OVX+BG and SHAM+BG groups and moderate 
staining in the OVX+BGM group. The connective 
tissue surrounding the graft showed mild or no 
staining in the G groups, whereas the staining in 
the BGM groups varied between moderate and 
intense. The osteoblasts exhibited intense staining 
in all regions where they were presented, like large 
osteocytes of the newly formed matrix (Figure 8a 
and Figure 8b).

DISCUSSION

The aim of the present study was to evaluate 
the expression of immunohistochemical markers 
of bone formation during the repair process of 
autogenous bone grafts that were both covered and 
not covered by an e-PTFE membrane in estrogen-

Figure 6b- a) Bone Sialoprotein (BSP) Day 45 Group SHAM-BGM: mild to moderate marking in newly formed bone (*) and 
the middle part of the graft; b) Day 45 Group OVX-BGM: Osteoblasts ( ) and osteocytes ( ) showing moderate staining; 
c) Day 60 Group SHAM BGM: osteocytes ( ) moderately marked on the middle portion of the graft; d) Group OVX-BGM: 
osteoblasts ( ) showing mild to moderate staining. G: graft; RB: recipient bed

TERA TM, NASCIMENTO RD, PRADO RF, SANTAMARIA MP, JARDINI MAN
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Figure 7a- a) Osteonectin (ONC) Day 0 Group OVX-BGM: no labeling of both the receptor bone matrix bed (L) and graft 
(E). At the bottom, intense staining was observed in skeletal striated muscle (*); b) Day 0 Group OVX-BGM: osteocytes 
( ) present in the mid portion of the graft exhibit mild to moderate markup; c) Day 7 Group OVX-BG: connective tissue ( ) 
exhibited varied staining that was sometimes intense and sometimes mild; d) Day 7 Group SHAM-BGM: osteoblasts ( ) 
and osteocytes ( ) showing intense staining; e) Day 21 Group SHAM-BG: connective tissue present at the surround bed-
graft presented intense staining; f) Day 21 Group OVX-BG: osteoblasts ( ) on the bone surface are moderately marked

not alter the expression of bone markers during 
the repair of onlay blocks placed on rat mandibles. 
However, the use of the e-PTFE may enhance the 
expression of the bone markers regardless of the 

presence of the systemic condition.
The most intense staining of BSP could be 

observed at 7 and 21 days after surgery. The 
results obtained in the present study show a more 
intense staining of BSP in newly formed bone, 

Immunolocalization of markers for bone formation during guided bone regeneration in osteopenic rats
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whereas mature bone was weakly stained at all 
time periods. Based on analyses of alveolar bone 
formation in rats, similar results were obtained 
by Pinero, et al.24 (1995) and Arambawatta, 
et al.2 (2005). Chen, et al.4 (1993) analyzed 
the mandibular alveolar bone of swine fetuses 
and observed intense BSP staining in newly 
formed bone. Ivanovski et al.12 (2000) observed 
intense BSP staining of the newly formed bone in 
experiments on guided bone regeneration in dogs. 
In the present study, osteoblasts and osteocytes 
exhibited greater positivity for BSP on days 7 and 

point, when staining was mild and restricted to the 
lacunae. Pinero, et al.24 (1995) observed intense 
BSP staining of osteoblasts in the mandibles of 
newborn rats, whereas the osteocytes were not 
stained. Ivanovski, et al.12 (2000) observed intense 
staining of osteoblasts and osteocytes associated 
with newly formed bone during periodontal 
regeneration in dogs. Ishigaki, et al.11 (2002) 
observed weak BSP staining in osteoblasts present 

in the mandibles of fetal rats. BSP was the only 
marker that revealed reversal lines, and staining 
was slightly more pronounced in the OVX groups 
on days 7 and 21.

Osteocalcin (OCC) showed staining of the 
newly formed bone matrix on day 45 and at 60 
days, revealing characteristics of the mature bone. 
Similar results were found by Ivanovski, et al.12 
(2000), who observed little or no staining by OCC 
staining of the newly formed bone in experiments 
on guided bone regeneration in dogs; furthermore, 
Ishigaki, et al.11 (2002) observed weak positivity 
for OCC in the newly formed bone in the 
mandibles of rat fetuses. Controversial results 
were obtained by Luvizuto, et al.18 (2010) after 
analyzing alveolar bone repair in ovariectomized 
rats. In that study, rats that were not subjected to 
ovariectomy showed intense staining of the newly 
formed bone matrix by OCC on days 14 and 21, 
while the ovariectomized group showed a more 
discrete expression for this marker. In this study, 
osteoblasts showed mild to moderate staining 

Figure 7b- a) Osteonectin (ONC) Day 45 Group OVX-BGM: in connective tissue surrounding the graft, the staining was 
intense; b) Day 45 Group SHAM-BGM: connective tissue surrounding newly bone (*) tissue showed intense staining; c) 
Day 60 Group SHAM-BG: granulation tissue in graft-bed ( ) interface lightweight markup; d) Day 60 Group OVX-BGM 
Group: osteoblasts ( ) with mild cytoplasmic, osteocytes ( )

TERA TM, NASCIMENTO RD, PRADO RF, SANTAMARIA MP, JARDINI MAN
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between 7 and 45 days, with intense staining 
observed at the last two time points. Osteocytes 
from newly formed bone presented mild positivity 
of their lacunae. At 21 days, staining was intense 
in the SHAM groups, while, in the OVX groups, it 
was moderate. Moderate staining was observed 

at 45 and 60 days. Ivanovski, et al.12 (2000) 
observed intense OCC staining of osteoblasts and 
osteocytes associated with newly formed bone 
during periodontal regeneration in dogs after 30 
days, while Ishigaki, et al.11 (2002) observed weak 
OCC staining in osteoblasts in the mandibles of 

Figure 8a- a) Osteocalcin (OCC) Day 0 Group OVX-BG: bone matrix with lightweight markup; b) Day 0 Group OVX-BG: 
moderately marked gaps of osteocytes ( ) are seen in the center of graft; c) Day 7 Group OVX-BGM: connective tissue 
exhibited varied staining that was sometimes intense ( ); d) Day 7 Group OVZ-BGM: osteoblasts in newly bone (*) stained 
less intense than connective tissue (*); e) Day 21 OVX-BG: connective tissue in the bed-graft interface showed intense 
staining; f) Detail of connective tissue in Day 21 OVX-BG specimen

Immunolocalization of markers for bone formation during guided bone regeneration in osteopenic rats
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fetal rats.
The ONC was the only marker that did not 

show any staining over time. Its most intense 
expression was observed on day 7 of the 
experiment. Osteoblasts showed intense positivity 
for ONC between 7 and 45 days. On days 7 and 
21, the ONC positivity in osteocytes from immature 
bone trabeculae varied from mild to intense. The 
most intense staining was observed in larger 
osteocytes. On day 45, most osteocytes were 
no longer stained. Similar results were found by 
Ishigaki, et al.11 (2002), who observed moderate 
to intense ONC staining in osteoblasts present in 
the mandibles of fetal rats.

Ovariectomy is widely recognized for its ability 
to induce osteopenia, as demonstrated in several 
classic studies15,20,23,25,30. Although several clinical 
studies conducted on women with osteoporosis 
and in animal models have demonstrated a delay 
in bone repair7–10,14,24,28, the results of the present 
study show that ovariectomy-induced osteoporosis 

Melhus, et al.19 (2007) observed that estrogen 

bone repair.
In the present study, the results were altered by 

the presence of an e-PTFE membrane. Retzepi, et 
al.26 (2010) and Donos, et al.6 (2002) found greater 
bone formation, maturation, and smaller amounts 
of bone loss when onlay grafts were covered by 
e-PTFE membranes compared to grafts without the 
membrane. Donos, et al.6 (2002) demonstrated 
that the use of a membrane coating autogenous 
grafts accelerated the migration of osteogenic cells, 
the formation of new bone, and the mineralization 
process. Jardini, et al.13 (2005) evaluated the use 
of a e-PTFE membrane in specimens of autogenous 
grafts in rats and observed greater bone loss 
during the healing period in the group that did 
not receive the membrane. A similar experimental 
model developed by Nascimento, et al.22 (2009) 
observed that grafts not covered by the e-PTFE 

One possible explanation for the present results 

Figure 8b- a) Osteocalcin (OCC) Day 45 Group OVX-BGM: newly formed bone tissue showed diffuse and discrete staining; 
b) Day 45 Group OVX-BGM: in detail, newly formed bone tissue (*) had diffuse and discrete staining Osteocytes ( ); c) 
Day 60 Group SHAM-BGM: moderate staining in the connective tissues from the bed-graft interface; d) Day 60 Group 
SHAM-BG: detail of bone matrix showing discrete expression of OCC
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formation since this condition is characterized 
by the increase in bone resorption and may 

contrast, the presence of a e-PTFE promoted an 
increase in intensity staining in the present study. 
One explanation for this may be the favorable 
environment for bone formation created by the 
presence of the barrier. According to the principle 
of guided bone regeneration7 there is a correlation 
between angiogenesis and bone regeneration.

Ridge augmentation therapy before dental 
implant placement is a valuable tool for oral 
rehabilitation. However, osteoporotic/osteopenic 
conditions may provide new challenges since they 
are a major public health threat for a large number 
of people around the world. Thus, it becomes 
necessary to recognize the impact of low bone 
mineral in the dental set. The results of the present 

formation. In contrast, the presence of an e-PTFE 
membrane created a favorable environment 
for bone formation. However, caution must be 
exercised because these results derive from 
an animal model, and other studies in humans 
and future research involving the bone forming 
markers of bone resorption could be useful for 

CONCLUSION

Within the limits of the present study, we 
conclude that bone metabolism during the process 
of bone repair was more intense between days 7 
and 21. The expression of bone forming markers 

the presence of an e-PTFE membrane may have 
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