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Abstract: To assess bone augmentation based on a non-critical defect, 1.5 mm deep cobalt-chromium (Co-Cr) bar-
rier membranes were placed on seven adult California rabbits with three different grafting situations: whole blood, 
whole blood with tricalcium phosphate (TCP), and TCP mixed with bone marrow cells. Macroscopic assessment of 
the animals was performed once a week and densitometric studies were performed once a month. Three months 
post-surgery, after detaching the membranes, tibias were sectioned and followed the routine laboratory process-
ing for decalcified sections, with inclusion in paraffin and staining by hematoxylin and eosin technique. Bone aug-
mentation was observed for each animal, even sometimes over the Co-Cr membranes. Compact bone was mostly 
observed for every situation, with a higher cellular activity on those samples with bone grafts. This could be due 
to the presence of graft remains at the growth area. It could be concluded that blood supply to the site providing 
growth factors by the blood clot formation, and the placement of an osteoconductive non-resolvable membrane 
that favors osseoinduction, may be sufficient elements to achieve bone augmentation in a period of three months 
in rabbit tibia.
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Introduction 

An adequate quantity and quality of bone are 
some of the prerequisites of good long-term 
prognosis in implant dentistry. Insufficient bone 
volume may be due to congenital, post-trau-
matic, post-surgical defects or the result of dis-
ease processes. In order to ensure sufficient 
bone at implant sites, bone grafts, augmenta-
tion of the maxillary sinus floor, guided bone 
regeneration and bone augmentation tech-
niques have been developed and performed 
[1]. 

The biologic mechanisms of osteogenesis, 
osteoconduction, and osteoinduction can be 
used to optimize therapeutic approaches to 
bone augmentation. Some or all of the follow-
ing principles are used to enhance bone aug-
mentation outcomes. Osteogenesis involves 
the direct transfer of vital cells originating from 

the bone graft material to the area where new 
bone will be regenerated. Osteoconduction 
occurs when the graft acts as a scaffold for the 
cellular and biochemical events progressing to 
bone formation. Osteoinduction concerns the 
stimulation of pluripotential, mesenchymal-
derived cells to differentiate along an osteo-
blast pathway with the subsequent bone forma-
tion [2]. 

Lately, the promotional effects of growth fac-
tors in bone grafting have been studied. The 
potential of mesenchymal stem cells to differ-
entiate into osteoblast-like cells and their effi-
cacy in bone regenerative procedures have 
been verified by assay [3]. As the transplanta-
tion and culture of undifferentiated bone mar-
row cell are expensive and difficult procedures, 
the use of bone marrow aspirates on the site to 
be regenerated or augmented has been studied 
as an alternative with the purpose of filling bone 
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defects, stimulating fracture healing, and treat-
ing pseudoarthrosis [4]. 

Autogenous bone grafts are considered as the 
gold standard for bone replacement. This type 
of graft is obtained by intraoral or extraoral har-
vesting procedures, being preferred the first 
one for the treatment of localized bone defects 
in partially edentulous jaws [5]. But, the main 
disadvantage of this kind of filling material is 
that it requires the removal of bone from the 
same patient, thus increasing the complexity of 
surgery since bone availability is not always suf-
ficient in intraoral areas [6]. Therefore, to over-
come this drawback, different bone fillers such 
as allogenic or xenogenic grafts or alloplastic 
bone substitutes were developed as an option, 
and used in combination with barrier mem-
branes [7]. Hydroxyapatite (HA) ceramics come 
in naturally occurring, called xenografts, and 
synthetic forms. Clinically available, naturally 
occurring forms of HA include the coral-based 
products as well as bovine derived products 
[8]. The osteoconductive properties offered by 
natural bone substitutes from animal origin 
such as bovine HA, overcome some of the auto-
grafts’ limitations [9]. Tricalcium phosphate is a 
synthetic compound more soluble than HA due 
to its small granule size and porosity [8] show-
ing a higher resorption rate in vivo13. 
Researches demonstrate that TCP has no 
adverse effect on cell count, viability and mor-
phology, and this material provides a matrix 
that favors limited cell proliferation [10]. It has 
been reported that among the bone substitutes 
considered, and as far as degradation and sub-
stitution are concerned, tricalcium phosphate 
showed a significantly higher percentage of 
bone fill at 24 weeks of healing [7].

A principle of tissue healing was discovered in 
the early 1980’s. It was observed that by the 
placement of a barrier membrane, migration of 
undesired cells into the wound site could be 
prevented, and the transfer of desired cells 
allowed. This was a mean to control the kind of 
proliferating cells in the wound, which deter-
mine the type of tissue regenerating in that 
space [11].

In the first studies of guided bone regeneration, 
flexible membranes were applied. Among 
these, collagen and aliphatic polyesters, such 
as polyglycolide or polylactide, are best known 
for their medical applicability [12]. The main 

advantage of this sort of material lies in its 
resorption by the body, thus eliminating the 
need for second-stage removal surgery, and 
reducing the risk of morbidity and tissue dam-
age. However the unpredictable degree of 
resorption is one of the disadvantages of 
resorbable materials, and it may alter the 
amount of bone formation [13]. Moreover, 
research studies reported inflammatory pro-
cesses in the adjacent tissue caused by the 
placement of some resorbable membranes, 
and quickly degradation of the material by 
enzymatic activity of macrophages and neutro-
phils [14]. 

Alternatively, non-resorbable membranes in- 
clude polytetrafluoroethylene (PTFE) and titani-
um mesh. Certainly, this type of membranes 
has more advantages than disadvantages. One 
drawback is that it must be removed with a 
second-stage surgical procedure. However, 
these have the capability to provide an efficient 
barrier function in terms of biocompatibility, 
maintenance of the space intended for bone 
regeneration during time, prediction of their 
behavior and a reduced risk of long-term com-
plications [13]. Also, cobalt-chromium based 
alloys have been widely used in orthopedics 
because of its excellent long-term clinical 
results, the chance of coating its entire sur-
face, and its resistance to abrasive wears [15]. 
Furthermore, these have been used as an alter-
native to titanium alloys and alumina ceramics 
due to its superior stiffness and toughness. 
However, metallic ions release could disturb 
bone homeostasis at the bone-implant inter-
face, leading to bone resorption and aseptic 
loosening of the implant, inhibiting prolifera-
tion/mineralization of bone marrow cells [16]. 
This release is produced because cobalt alloys 
can easily suffer from corrosion by friction [17] 
when sliding over another metal surface. As 
dental implants, these alloys are placed in the 
bone; thus, its biological behavior is of interest 
in dentistry. However, the less favorable sce-
nario happens when the alloy acts as an articu-
lating surface of both metal on metal and metal 
on polyethylene artificial joint implants, produc-
ing a large number of metal wear particles [18]. 
Thereby, orthopedic implants cannot be com-
pared with dental implants as they generally 
have bigger surfaces under friction and wear. 
So, information from the orthopedic literature 
is useful but cannot be directly applied in den-
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tistry. In this study, the membrane was used for 
a short period being removed afterwards, and it 
is not in contact with other metallic surface, 
being unlikely to happen ions release. Moreover, 
it was found that supplying osteogenic function 
to the Co-Cr implants prior to their implantation 
the bone loss could be prevented and a tight 
fixation could be obtained just 3 weeks after 
implantation [16].

The aim of the present study was to assess 
bone augmentation using bone marrow cells 
and whole blood, and tricalcium phosphate 
graft with a microfixed Co-Cr membrane. 

Materials and methods

Study design

Approval from the Superior Council of the 
National University of Entre Rios was obtained 
previous to the start of the study. Seven adult 
California rabbits weighing between 2 and 2.8 
kg were used as experimental animals. The ani-
mals were accommodated at 18-21°C with 
50-55% humidity. Each rabbit was housed in an 
individual cage. They were fed a standard com-
mercial rabbit chow. Water and food were avail-
able ad libitum. The rabbits were divided into 
three groups of two each (except the control 
rabbit). Group 1 had whole blood as grafting 
material, group 2 had tricalcium phosphate 
(TCP, 63-250 um, CERASORB PARO®, Curasan, 
Germany) with whole blood, and group 3 had 

TCP and bone marrow cells. To provide the 
space for the future newly formed bone, 1.5 
mm deep Co-Cr membranes were used. 

Surgical procedure

General anesthesia was induced by an intra-
muscular 5 ml dose of ketamine and 1 ml dose 
xylazine; and local anesthesia was 1.5 ml dose 
of carticaine L-adrenaline. Before the interven-
tion, digital radiographies were taken from both 
tibias. Proximal metaphysis’ medial ridge of 
both left and right tibia were shaved and disin-
fected with a povidoneiod solution before the 
operation. This was followed by a full thickness 
skin incision and flap elevation exposing the 
tibial bone. For groups 1 and 2, few microperfo-
rations were performed through a 1 mm diam-
eter drill, and the membrane was placed above 
them and fixed with a vitallium microscrew. In 
the case of group 3, instead of the microperfo-
rations, a 3 mm not critical sized osteotomy 
was performed from which bone marrow was 
aspirated. For groups 2 and 3, grafts were 
included between the membrane and the per-
forations. To the control animal, a non critical 
osteotomy was performed on its right tibia, 
which was not covered by a membrane, neither 
graft was added. The flaps were repositioned 
and sutured with Vicryl 3.0 and Nylon 3.0 
(Ethilon, Belgium), and an antibiotic (RIFOCINA®, 
Sanofi-Aventis, Rifamycin SV.) was placed at 
the injury. The animals were sacrificed 12 
weeks after the intervention with an overdose 
of sodium pentobarbital IV (Dolethals; Veto- 
quinol, Lure, France). 

Results

Bone dimensions measurement

Three months after the intervention, bone aug-
mentation was observed on every animal of 

Figure 1. Macroscopic images of the rabbit tibia showing: A. The Co-Cr membrane covered with newly formed bone. 
B. The augmented bone under the membrane.

Table 1. Augmented bone dimensions

Group Vertical bone height, 
mm

Bone volume, 
mm3

Group 1 1.6 155
Group 2 1.33 137
Group 3 1.33 143
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each group, even sometimes over the Co-Cr 
membrane (Figure 1). Height, width and length 
of the newly formed bone were measured from 
images taken with a stereoscopic binocular 
microscope (Arcano®) at 2× and 4× magnifica-
tion, in order to obtain the vertical bone height 

cal density assessed as pixel intensity (gray 
value) unit. To determine bone density, differ-
ent neighboring areas of the membrane were 
measured: before the microscrew, between the 
microscrew and membrane, middle, immedi-
ately after and after the membrane (Figure 2). 

Figure 2. Interface of the Digora System® used to determine density evolution. The different measurement areas 
are highlighted with red numbers.

Figure 3. Maximum, minimum and mean density for each group.

and the bone volume for each 
group (Table 1), except for the 
control rabbit which had no 
bone augmentation.

Densitometric measurement

Macroscopic assessment of 
the animals was performed 
once a week. Densitometric 
studies were performed once 
a month on each specimen 
using the Digora System® 
(Soredex Finndent, Tuusula, 
Finland) for digital radiogra-
phy, for the evaluation of opti-
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Post-mortem, after detaching the membranes, 
tibias were sectioned and the augmented tis-
sue was measured using a stereo microscope 
and the Motic Images Plus® 2.0 software. Then 
the samples were fixed in formaldehyde 10% 
for further analysis. The tissue samples con-
taining the newly formed bone were removed 
and followed the routine laboratory processing 
for decalcified sections, with inclusion in paraf-

value for every measure. After three months, 
group 1 demonstrated the highest mean den-
sity (Figure 4).

Histological examination

Osteocytes and blood vessel count was carried 
out to an average of 36 samples per group 
(Table 2). Three months after the intervention, 
high cellular activities were detected in groups 
2 and 3, observing compact bone with a high 
number of osteoblastic cells. In those samples 
of the group with only the membrane and whole 
blood, compact bone was observed, with a 
lower osteocytes count (Figures 5-7). Con- 
cerning the control rabbit compact bone with a 
very low osteocytic activity could be noticed. 

From the count results (Table 2) and histologi-
cal images could be concluded that, after three 
months, compact bone was mostly observed, 
with a higher cellular activity on those samples 
with bone substitute. This could be due to the 
presence of grafts remaining at the growth 
area. 

Discussion

Current strategies for enhancing bone augmen-
tation are based on advances concerning natu-
ral bone recovery processes, scaffold tech-
niques, growth factors, signaling molecules, 
mesenchymal progenitor cells, autogenous tis-
sue, organic and synthetic substitutes. The 
development of these new methods is linked to 
the technological progress in materials sci-

Figure 4. Mean density evolution over time for each testing group.

Table 2. Osteocytes and blood vessels count 
per mm2

Group Osteocytes/mm2 Vessels/mm2

Group 1 995.74 21.48
Group 2 1660.3 32.91
Group 3 2382.78 56.85

fin. After inclusion, the blocks 
were set on slides, stained 
with hematoxylin and eosin 
technique and visualized th- 
rough an optical microscope 
NIKON E 200. Microphoto- 
graphies were taken with a 
digital camera Nikon Coolpix S 
4. 

The selected area for mea-
surement was the surrounding 
bone of the microscrew and 
the membrane, reporting the 
maximum, minimum and me- 
an density of the considered 
tissue (Figure 3). Group 1 
exhibited the highest density 

Figure 5. Newly formed trabeculae surrounded by 
active osteoblasts. (Original magnification 100×; he-
matoxylin and eosin stain). 
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ence, bioengineering, biotechnology, biochem-
istry and bioinformatics.

Since the 70’s osseointegrated implants were 
used for lost tooth replacement in total and 
partially edentulous patients. One of the main 
requirements for long term success in the reha-
bilitation with implants are an adequate quality 
and quantity of bone at the site; considering 
bone quality to be defined on the basis of bone 
density, trabecular bone volume, cortical bone 
density and mineral bone content [19, 20].

It has been reported that standard diameter 
implants with a length lower than 10 mm exhib-
it worse prognosis [21], meaning that for exam-
ple, implants of 3.75 mm diameter requires at 
least 10 mm height and 6 mm bone width. 
Otherwise, these patients need graft materials 
or augmentation procedures, in order to reach 

suitable height and width to host the implant 
[21]. Frequently, bone grafts are used, being 
autologous bone the Gold Standard because of 
meeting-besides osteogenesis, osteoinduction 
and osteocconduction potentials-a group of 
optimal properties, such as their histocompati-
bility, low antigenicity and infection risk, achiev-
ing satisfactory results. Conversely, these 
grafts have certain disadvantages as the avail-
ability and morbidity of donor site.

When bone resource is compromised some 
substitutes of biologic (xenografts) or synthetic 
derivation can be used in combination with 
membranes. These act as a barrier that pre-
vents non-osteogenic cells passage, and allow 
osteogenic and angiogenic cells migration to 
the injury location [7], stabilizing at the same 
time the blood clot and bone grafts. Simion et 
al. supported that membranes as occlusive 
barrier, seem not to provide additional value to 
growth effects; on the contrary, they could com-
plicate injury healing. A possible explanation 
comes from a research study in which is report-
ed that growth factors (rhPDGF-BB) should 
have stimulated more strongly bone formation 
from the periosteal surface than from the resid-
ual native bone. Li M et al. observed that the 
placement of a membrane could have prevent-
ed the osteoblastic differentiation stimulated 
by the periostium. To use this stimulation in 
favor of the desired augmentation, the flap 
technique performed in the present study, does 
not clear the periosteum from the bone sur-
face, it is rather preserved doing the microper-
forations over it, thus using the periosteum as a 
bone formation enhancer. Moreover, it has 
been demonstrated that the placement of occ- 
lusive osteoconductive non-resolvable mem-
branes ease a significant bone formation [22, 
23], facilitating the augmentation of bone 
defects, favoring the induction of bone regen-
eration and augmentation, and improving the 
outcomes of techniques that utilizes bone sub-
stitutes [13]. 

In the present study, the purpose was to stimu-
late vertical growth based on a non-critical 
defect [24] by the combination of grafting tech-
niques, bone marrow cells and whole blood 
with microfixed non-resolvable Co-Cr mem-
branes. The membrane microfixation was done 
to avoid its displacement and to stabilize the 
blood clot, which is important because it acts 
as an extracellular matrix where cell can 

Figure 6. Augmented bone with ectatic blood vessels 
(Original magnification 400×; hematoxylin and eosin 
stain). 

Figure 7. Newly bone augmentation. (Original magni-
fication 40×; hematoxylin and eosin stain). 
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growth, and besides it contains growth factors 
[25]. 

From our results it can be seen that vertical 
augmentation was achieved in each group. 
Group 1, in which only blood coming from the 
microperforations was used, showed macro-
scopic and histological results similar to the 
other groups. Rompen et al. [18] demonstrated 
that promoting bone supply and bone forming 
cells access through the microperforations in 
rats skulls, new bone formation was enhanced. 
When microperforations are performed, blood 
comes in contact with the membrane triggering 
the coagulation cascade [26], producing throm-
bin and turning plasma fibrinogen into fibrin. 
Thrombin stimulates platelets and these 
release factors that produce vasoconstriction 
and benefit osteoblast activation. The formed 
clot holds chemotactic and mitogenic growth 
factors (GF), as the platelet derived GF (PDGF), 
insulin-like GF (ILGF), transforming GF beta 
(TGF-β), and the fibroblasts GF (FGF), all of 
these promote revascularization and bone for-
mation. The insulin-like factor has an important 
role in the homeostasis, and in the synthesis 
balance of the proteoglycans from the granula-
tion tissue. TGF-β acts on immune and inflam-
matory processes, because it inhibits the dif-
ferentiation and growth of several immune cell 
lineages, including T and B cells, by autocrine 
and paracrine communication. The Bone 
Morphogenetic Proteins (BMP) interact with 
specific receptors located at the cell surface, 
known as BMP receptors, bonding to serine-
threonine-kinase transmembrane receptors 
type I and II and forming receptor complexes 
type II. As a result of the complex phosphoryla-
tion, a transduction of the signal is produced, 
which mobilizes by proteins phosphorylation 
the Smad family, particularly Smad 1, 5 and 8 
heterodimers that allow the stimulation of 
osteogenic activity [27], whereas β1, β2, β3 
proceed in combination to regulate osteoclast 
generation and survival, through the induction 
of osteoprotegerin (OPG), protein that inhibits 
osteoclast formation and function [28]. PDGF is 
a potent mitogen and chemotactic of mesen-
chymal cells which originate fibroblasts, osteo-
blasts and chondroblasts, and it is involved in 
the formation and restoration of bone tissue. 

In group 2 tricalcium phosphate was used. 
Okazaki et al. [29] said that clinical and experi-

mental studies have shown that the presence 
of a clot with the graft promotes bone regener-
ation. The TCP placed at the site to be regener-
ated, suffers from a degradation process by 
the osteoclasts which acidify the extracellular 
compartment with a consequent pH decrease 
[30]. This process could decelerate bone regen-
eration in the early stages of restoration, in 
comparison with autologous bone as graft [9]. 
However, TCP has a high rate of resorption in 
vivo [8] due to its porosity and small granule 
size [31], determinants of nutrients and oxygen 
diffusion, insertion, migration and differentia-
tion of cells. Handschel et al. [32] reported that 
although at the early stages of bone healing 
autologous bone shows a higher total bone vol-
ume, over time bone substitutes approach this 
result, and after 9 months no statistical differ-
ences are found between bone grafts. 

In group 3, bone marrow cells (BMC) in combi-
nation with TCP as scaffold, were used as bone 
graft. BMC have been used for the reconstruc-
tion of hard tissue defects in combination with 
graft materials which act as scaffolds. Among 
BMC, mesenchymal progenitor cells (MPC) are 
found. Once transplanted, and under optimal 
conditions, cells differentiate and form a miner-
alized matrix on the scaffold which then is 
replaced by new bone. MPC can differentiate 
into osteoblasts, chondroblasts, lipoblasts and 
stromal cells, depending on local factors, oxy-
gen tension and mechanical stimuli [33]. If 
there is a good vascularization, close contact of 
bone edges and stability, bone regeneration 
occurs by intramembranous ossification. 
Defect instability and low oxygen tension favor 
MPC differentiation towards the chondrogenic 
linage. This tissue is then replaced with bone by 
endochondral ossification. Betoni et al. [4] 
studied the use of centrifuged bone marrow 
aspirates on the rabbit tibia, comparing with 
the control group that only had blood clot, and 
they concluded that there was no difference in 
the bone repair of periimplant cervical defect 
with or without the use of centrifuged bone 
marrow 60 days after surgery. They also report-
ed that the spontaneously formed clot at the 
bone defect in the control group was enough to 
achieve adequate bone regeneration on periim-
plant bone defects. This is in accordance to our 
results in which, for the period under consider-
ation, there were no differences between 
groups.
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Concerning the membranes manufactured for 
this study, bone formation is possible due to 
their design and topography. An important 
issue is if the membrane architecture and 
topography could influence osteoclast genera-
tion at the surface or in its vicinity. It has been 
demonstrated that the surface topography 
alters OPG expression trough adherents MG63 
cells [34], which produce transduction signal-
ing, transcription, regulation, proliferation and 
apoptosis of the cell cycle, and cytoskeleton 
formation. Davis et al. [35] reported that culti-
vated human mesenchymal stem cells express 
high OPG levels when are placed in contact 
with complex microtopographical surfaces. A 
surface topography could affect osteoclast 
number and activity showing that progenitor 
cells populations are influenced by the mem-
brane surface. In addition, the surface oxide 
could have a favorable effect on the extracel-
lular matrix architecture and on the cellular 
activity around the tissue. Osteoblasts to 
implant fixation is an important condition for a 
good tissue compatibility and thus, for an opti-
mal bone formation. Thull reported the possibil-
ity that the protein layer which adheres to the 
material surface is of critical importance for 
this processes [36]. Current evidence suggests 
that the absorption of extracellular matrix pro-
teins in a way that preserves their natural con-
formation is more conducive to cellular adhe-
sion and osseointegration, in comparison to 
the change of this conformation after absorp-
tion. From the literature it is observed that in 
the future not only osteoblasts generation 
could be enhanced, but also will be possible to 
control osteoclast generation at the surround-
ing bone.

It could be concluded that blood supply to the 
site providing growth factors by the blood clot 
formation, and the placement of an osteocon-
ductive non-resolvable membrane that favors 
osseoinduction, may be sufficient elements to 
achieve bone augmentation in a period of 3 
months in rabbit tibia.

In conclusion, bone augmentation has been 
accomplished just by providing the tissue an 
adequate space through the use of a Co-Cr 
membrane. This together with the blood supply 
to the site, delivering growth factors by the 
blood clot formation, may be sufficient ele-
ments to achieve bone augmentation in a peri-
od of 3 months in rabbit tibia. This might lead to 

the exercise of less traumatic augmentation 
techniques by decreasing tissue response to 
bone grafts.
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