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Abstract
Purpose: The current study aims to establish, for the first time, a model to determine the surgical and tissue processing
protocols for testing the use of a synthetic bone graft material to augment the contour and volume of the reduced alveolar
ridge.
Materials and Methods: β-tricalcium phosphate grafts (Vitoss®), 6mm width x 3mm height x10mm length, were placed
directly onto decorticated cortical bone on the lateral aspect of the left maxillary diastema of New Zealand white rabbits
(n=6). The graft was secured to the underlying bone using an 8mm x 1.4mm titanium screw, covered with a resorbable
collagen membrane and the surgical site closed. Tissue blocks were harvested at 3 weeks and 6 weeks. Two non-decalcified
sections were scanned using micro tomographic imaging. Four sections were embedded in resin, stained with Pyronin-G
and evaluated histologically. Graft vascularisation was examined on one decalcified frozen section labelled with anti-CD31
monoclonal antibody.
Results: All six sites healed well. The micro-CT analysis demonstrated maintenance of the graft height around the central
screw. Histological evaluation and anit-CD31 labelling demonstrated woven bone formation and vascular and cellular infiltration within the grafted region. Quantitative analysis demonstrated increased new bone formation at the second time
point (0.77 ± 0.42) compared with the first time point (0.48 ± 0.48).		
Conclusion: The study concluded that the model was appropriate for testing the use of a synthetic bone graft material for
augmentation of a reduced alveolar ridge. The qualitative and quantitative analyses demonstrated evidence of colonisation
of the graft by bone forming cells.
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Introduction
The success of endosseous dental implant placement for rehabilitating cases with severe horizontal and vertical ridge resorption

depends on the presence of sufficient bone volume. Such cases
are encountered in particular in the management of anadontia
and hypodontia in Ectodermal Dysplasia (ED) or in long term
elderly edentulous patients. Bone grafting to augment bone for
oral implant placement has become a routine clinical practice and
various grafting materials are available [1]. The material of choice
for extensive bone regeneration remains autogenous bone [2].
However, this may be limited by factors such as significant donor
site morbidity, unpredictable resorption rates and limited availability and quality of graft material [3].
Allografts (bone harvested from a donor and used on a different
individual within the same species) are widely used, however their
use is limited by both high and unpredictable resorption rates and
increased immunological risks [4]. Xenografts (bone harvested
from a donor of a different species) are also used, however poor
osteogenic properties are common and increased immunogenic
risks and risk of disease transmission is a concern [5]. Based on
these limitations and risks there has been a need to develop alloplastic synthetic bone grafting materials.
Calcium phosphate based materials have been widely used in dentistry [6] and orthopaedics [7]. An ultra-porous beta – tricalcium
phosphate (β-TCP) produced by Vitoss®-Stryker composed of a
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low density 90% porous material has been developed [8]. The material has features of both macro and microporosity with pores
ranging in size from 1-1000µm in diameter with an average pore
size of 100µm. A key feature that impacts on a material’s osteoconductivity is the level of porosity and the pore size. Optimal
pore size for facilitation of bone in growth and vascularisation
has been reported as being between 150-500 µm [9] and increased
bony ingrowth in TCP grafts with pore sizes ranging from 50100μm compared to 200-400μm has been demonstrated [10]. The
correlation between increased microporosity of a calcium phosphate material and the levels of gene expression related to osteogenic differentiation indicates greater osteoinductive capacity for
materials with increased microporosity which has been demonstrated in a sheep model [11].
The Vitoss® material has been approved for clinical use as an autograft extender and has been used successfully to treat spinal fusion in orthopaedics [12]. There is, however, very limited evidence
on the use of this material in the oral cavity for alveolar ridge
augmentation. A case study reported positive bone regeneration
using the Vitoss®-Stryker material soaked in human bone marrow
aspirate (BMA) for sinus grafting [13]. For orthopaedic use, the
material is generally combined with BMA which is a rich source
of growth factors and osteogenic cells. The use of BMA in dental
patients has not been used due to the prohibitive cost, and in this
study venous blood was used as a substitute for BMA. Comparable expression of most growth factors in BMA and venous blood
has been demonstrated [14]. One study in which TCP was used to
heal a critical sized defect in the iliac wing in a sheep model demonstrated equal performance of TCP compared with autologous
bone and improved performance compared with bone grafted
with bone morphogenic protein-2 [11]. This data indicates that
calcium phosphate materials may provide acceptable alternatives
to autologous bone grafts for bone regeneration.
Improved bone height, and width for localised intra-oral defects
can be achieved following treatment of the defects with the combination of a graft material and a barrier membrane [15]. Guided bone regeneration techniques using resorbable membranes
are now widely used for regeneration of localised bone defects
around dental implants. Reliable protocols to achieve generalised
vertical ridge augmentation are yet to be defined [16].
The objectives of this pilot study were to establish a model for
testing the use of a synthetic bone graft material to augment the
contour of the reduced alveolar ridge. The natural diastema in
the New Zealand white rabbit was chosen as the test site, as this
site provides a clinical scenario that is similar to that which occurs in severely resorbed jaw bone. Similar to a reduced alveolar

ridge the diastema site lacks bony walls, not only requiring the
graft to be secured but and also limiting the ready access to bone
osteogenic cells and growth mediators. Furthermore, soft tissue
wound closure is similarly compromised. A calcium phosphate
scaffold combined with venous blood, and protected by a barrier
membrane, was placed directly onto decorticated cortical bone on
the lateral aspect of the diastema.
The purpose of this investigation was to: 1) establish the surgical
and tissue processing protocols for testing a material for bone
regeneration of the reduced alveolar ridge, and 2) to establish a
protocol for quantitatively and qualitatively analysing the regenerated tissues to assess bone tissue growth within the grafted region
and the development of graft vascularisation.

Materials and Method
Six adult female New Zealand white rabbits of approximately the
same age and weight were used in the study. The project was approved by the Sydney West Area Health Service Ethics Committee, 2012 (Protocol number 5095).
Each animal received a β-tricalcium phosphate graft (Vitoss®)
with 90% porosity which was placed in the left maxillary diastema
and prepared to the following dimensions: 10mm long, 6mm wide
and 3mm thick (see Figures 1)
The operation was performed under sterile conditions. Anaesthesia was induced with i.v ketamine hydrochloride 100mg/ml (Ketamav 100, Mavlab) and medetomadine 1mg/ml (Domitor, Pfizer).
Intubation was not possible for all rabbits; when intubation was
not possible anaesthesia was maintained with additional doses of
Ketamine. Otherwise, Isofluorane (Aerrane, Baxter) and oxygen
were used to maintain aneasthesia. The aneasthesia was reversed
with Atipamezole (Antisedan, Pfizer). An Antibiotic (Enrofloxacin) was given subcutaneously at the time of induction.
The surgical site was shaved and the surgical area cleaned with an
antiseptic (Betadine®). The surgical procedure commenced with
local anaesthesia (Lignocaine®) infiltrated in the buccal tissues.
Then a 20mm incision 5mm distal to the papilla was made along
the buccal aspect of the alveolar ridge. A mucoperiosteal flap was
raised and the underlying bone exposed. A stainless steel round
bur in an electric handpiece was used to decorticate the bone to
encourage blood flow to saturate the graft material. The graft was
then secured to the bone on the buccal aspect using an 8mm x
1.4mm titanium bone tenting screw (BioHorizons) (see Figure
1), and then covered with a 15mmx15mm collagen membrane
(MemLok®). Soft tissue closure was achieved by releasing the flap

Figure 1. Graft in situ, secured to the underlying bone. Blood from the decorticated bone soaks into the graft material.
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and using 4-5 interrupted absorbable sutures (Vicryl ).
The rabbits were provided with an antibiotic (Enroflaxacin 1.2ml
s.c) and a non-steroidal anti-inflammatory analgesic (Meloxicam
0.2ml s.c) for four days post operatively.
®

Three rabbits were euthanased at the 3 week time point and
the remaining three at the six week time point. Euthanasia was
achieved with Intravenous sodium pentobarbital and death was
confirmed by cardiac arrest.
The maxilla was dissected out and sectioned immediately anterior
to the molar teeth. The specimens were then immersed in 4%
paraformaldehyde for 4 days after which they were transferred to
70% Ethanol
Micro-CT scanning
Prior to sectioning the fixed non-decalcified specimens were
scanned with a micro-tomographic imaging unit using a cone
beam geometry (ZEISS Xradia). Each sample was immersed in
70% ethanol in an airtight cylinder during the scanning process.
For each sample, micro-tomographic slices with an increment of
25 μm were acquired to cover the total length of the samples and
1600 projections were made. Each projection took approximately
2secs with a total scan time of 12 hours. The region, selected
on the scout view, represented the graft bone centred around the
titanium screw. Measurements were stored in 3D image arrays of
high resolution (1024×1024 voxels).
Histology and Histomorphometry
Following micro-CT scanning, the non-decalcified specimens
were sectioned on either side of the titanium screw to produce
a central tissue block containing the screw and most of the graft
material. Four specimens, two from each time point were dehydrated in graded acetone baths (Sigma-Aldrich) and embedded in
methyl-methacrylate resin (Sigma-Aldrich) over a period of one
month.
One section from each of the non-decalcified resin embedded
specimens was made using the Exakt sawing and grinding technique [17] resulting in a thickness of about 15μm. The sections
were histologically stained with Toluidine blue mixed in Pyronine
G. Finally each section was mounted with a cover-glass prior to
qualitative and quantitative (light microscopic) examinations.
Under a microscope, histomorphometric parameters were measured with a digitizing morphometry system coupled to a computer and the morphometry program, Osteomeasure (© 2005 Osteometrics). The region of bone analysed in all samples was in the
central graft area, consisting of a 2.0mmx1.5mm grid made up of
4 x 3 500 μm2. The grid was placed over the grafted region and
the digitised images were quantified to evaluate the following features: total bone volume/total area, total bone and graft surface/
total area and eroded surface of the graft/total bone surface. All
measurements and calculations were referenced to the standard
nomenclature [18].
Immunohistochemistry

One specimen which consisted of a tissue block sectioned on
either side of the central screw from each time point was decalcified in 0.4M Ethylenediaminetetraacetic acid (EDTA) + 1.25%
formalin for 1 week before being transferred to a 0.34M EDTA
solution for a further two weeks to ensure adequate decalcification. Following this the specimens were placed overnight in a 30%
sucrose and phosphate buffered saline (PBS) solution prior to being embedded in optimal cutting temperature medium (OCT),
snap frozen in isopentane and then sectioned using the Leica CM
1950 cryostat. These sections were then glued onto glass slides
using Chitosan in preparation for immunohistochemistry (IHC).
The slides were then rehydrated in PBS and the cells permeabilised. Unspecific binding was blocked using a 10% Goat serum
in PBS. The sections were then incubated overnight at 4°C in
a 1:20 dilution of anti -CD31 JC/70A monoclonal antibody,
DAKO. Following this the endogenous peroxides were quenched
in 3% Hydrogen peroxide at room temperature and the secondary antibody (biotinylated goat-anti-mouse, DAKO) diluted 1:250
in dilution buffer was used. Finally the sections were incubated
with Streptavidin-peroxidase (SIGMA #S5512) followed by DAB
(DAB substrate kit SK-4100, Vector Laboratories Inc.) and counter stained with Haematoxylin and Eosin. The Ultramount No. 4
(Fronine) mounting media was used and finally the sections were
coverslipped prior to light microscopic examination.

Results
Clinical findings
The overall postoperative assessment of the rabbits was excellent.
All six rabbits were behaviourally healthy and demonstrated normal weight gain. Biologically, the wound healing was very good
with only one site showing slight wound dehiscence but no infection.
Micro-CT scanning
In this study the micro-CT differentiation of new bone within
the grafted region was not sufficiently clear for definitive measurement and quantification. The bone tissue and the graft material had very similar densities, therefore accurate differentiation
between the two using grey scale thresholding was not felt to be
reliable. The analysis did however demonstrate maintenance of
the graft height around the central screw vertically (See Figure 2).
Histology
At both the 3 and 6 week time points, the grafted area buccal to
the cortical bone was clearly identifiable. The collagen membrane
was intact and protecting the site (See Figures 3a and 3b). Histological evaluation demonstrated similar qualitative tissue reactions
irrespective of time point. In general macrophages, both darkand light stained and of various sizes and shapes were the most
common cells present. Histological evaluation demonstrated
darker stained areas of woven bone with large immature osteocytes incorporated (Figure 3c).
Moreover, some graft regions demonstrated smaller areas likely
to be calcium precipitate (Figure 3d). Irrespective of time point,
loose grafting particles seemed to be internalized and phagocyt-
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Figure 2. Section from R3, native bone with grafted region laterally. The head of the titanium screw is visible at the bottom
of the image. Differentiation between bone tissue and graft material particularly within the grafted region was not clear.
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G

Figure 3a and 3b. Histological sections from the three week time point (3a) and the 6 week time point (3b). The maxillary
bone stained purple is located at the top of the section (MB), the graft, satined grey/black is clearly visible lateral to the
maxillary bone (G) and is encapsulated on the buccal aspect by the collagen membrane and soft tissues (M). Toluidine
blue-Pyronine G sections X2mag. Scale bar = 1000μm.
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Figure 3c. Histological section of sample R3 (3 week time point). Woven bone (WB) formation with large immature osteocytes (OC)incorporated is noted. Graft material (G) around the periphery of the woven bone can also be seen. Foreign
body giant cells (arrows) encircling graft material (G) is also noted. Macrophages of different shapes and sizes are present,
1 – elongated and dark stained macrophage, 2 – round shaped macrophage, 3 –elongated light stained macrophage. Toluidine blue-Pyronine G sections X40mag. Scale bar = 20μm
Figure 3d. Histological section of sample R6 (6 week time point). This figure illustrates large regions of loose particles internalized in cells and surrounded by multi nuclear giant cells indicative of a multinuclear foreign body reaction. The graft
material appears to be “loosening” up with small areas of calcium precipitates (arrow). Toluidine blue-Pyronine G sections
X40mag. Scale bar = 50μm.
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Figure 4. CD31- immune labelled endothelial cells bordering a vessel (arrows). Multiple vessels are present in this section.
Section R2 (3 week time point). X4 magnification. Scale bar = 400μm.
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ized by cells. Multinuclear foreign body giant cells were observed
as surrounding cell-clusters around the grafting material (Figure
3c and Figure 3d).
Histomorphometry
Quantitative analysis of a single region of interest 2 x 1.5 mm
within the grafted region of each sample demonstrated an increased new bone formation at the second time point (0.79 ±
0.42) compared with the first time point (0.48 ± 0.49), see Table 1. Replacement of the graft by new bone was supported
by two findings. First, that the graft surface area (as measured
by the eroded surface of the graft) reduced at the 6-week time
point compared with the 3-week time point (2799.88 ± 2857.68
Vs 677.90 ± 112.92) and second that the overall volume of the
solid material (as measured by the total graft and bone surface)
remained stable over the two time points.
Immunohistochemistry
The anit-CD31 labelling demonstrated vascular infiltration of the
grafted region thus providing evidence of angiogenesis within the
graft (See Figure 4). Only one sample from the second time point
was available for light microscopic observations. Unfortunately
due to the angled position of the central titanium screw in the
specimen from the first time point it was not possible to obtain
satisfactory sections from this specimen.
An internal control was used, endothelial staining of identifiable
blood vessels in the non-grafted region of the bone was used as
a control.

Discussion
The synthetic graft material used in this study is already widely
used in orthopaedic practice; however, it has not previously been
trialled intra-orally. This study aimed to develop a surgical and
tissue processing protocol to test this material and its use in an
intraoral site that would simulate the clinical conditions associated
with regenerating bone on a reduced alveolar ridge.
One concern was whether the graft would be retained in situ and
whether soft tissue closure could be maintained. This study has
demonstrated excellent postoperative healing of the grafted sites.
The rabbits were able to masticate a normal diet (pellets and fresh
fruit or vegetables), and the grafts were maintained for the duration of the six week study period. Importantly, this study also
demonstrated that there were no adverse effects with the placement of Vitoss® in an intra–oral site for bone regeneration. As
this study was a pilot to test the surgical and tissue processing
protocols a specific control site was not included. Future studies would need to include a control site where a flap was raised
without the placement of a graft material to provide additional
valuable information.
A titanium tenting screw was used to maintain the graft and
this did create some technical problems in sectioning the tissue
blocks as the microtome that was available was not able to section through the titanium screw. This meant that the tissue blocks
had to be sectioned coronally on either side of the central screw.
Sectioning sagitally through the centre of the graft would have
enabled the division of the tissue block into two halves enabling

more representative sections of the graft and importantly the ability to use one half for histomorphometry and the other half for
IHC analysis. The central screw did however simulate the positioning of a dental implant and future studies could optimise this
protocol using a dental implant in this position and sectioning
through the implant.
Bone regeneration using TCP as a graft material has been studied
in a number of different animal models, however many of these
have been performed on intra-osseous defects in long bones [10,
11, 19-21] and results have varied.
Eggli et al [10] placed TCP in cylindrical defects in femoral and
tibial defects of the rabbit. They used a TCP with 60% porosity
and 5-10% microporosity. In their study upto 85% of the TCP
graft material was resorbed at the 6 month end point with the
smaller pored TCP (50-100μm pores) showing more rapid tissue ingrowth and graft resorption. Similar findings were made by
Buser et al (1998) who used a TCP with 60% porosity in the mini
pig model-at the 4 week time point the study demonstrated an inconsistent pattern of bone formation with ceramic particles embedded in fibrous tissue. At the 24 week time point however they
were able to demonstrate obvious bone remodelling and complete
graft resorption. Likewise, Walsh et al [21], using a rabbit tibial defect packed with Vitoss demonstrated complete graft resorption
at 12 weeks with new bone formation within the grafted site. A
more recent study [11] has shown promising results in the use of
TCP to heal critical sized defects in the iliac crest of the sheep
model. The TCP grafted defects showed comparable results to
those grafted with autogenous bone. The defects tended to show
more peripheral bone deposition compared to the central region
with some fibrous tissue noted centrally.
On the other hand in a study [20] using a cylindrical defect in the
femoral articular condyle of the rabbit grafted with TCP (80%
porosity) early bone regeneration up to week 6 followed by resorption of previously laid down bone at the 12 week time point
was reported. This study noted colonization of the defect by large
numbers of phagocytic cells which led to this resorption and reduction in new bone volumes between week 6 and week 12. Superficial and central areas of avascular fibrous tissue were noted
with the continued deposition of woven bone rather than lamellar
bone. The authors did note that the relatively high metabolic rate
of the rabbit is likely to influence the graft resorption rate.
However, the intraosseous defect in the long bone does not reflect accurately the clinical situation of regenerating bone in the
reduced alveolar ridge. The performance of the material may be
different when placed in the maxilla or mandible as evidence suggests that graft location may also affect the behaviour of a given
graft material [22].
Intra-orally, a study aiming to augment bone on the lateral aspect
of the mandible in the rabbit model [23] used two different types
of TCP blocks to augment bone - one material with a porosity
of 70% included micropores of 0.5μm and another more dense
material with 46% porosity, micropores of 0.2μm and rod shaped
structures. Unlike the current study they used an extra oral approach to place the graft. The results for the 70% porous material were disappointing, and although initial bone formation was
noted at the 6 week time point there was also considerable fibrous
tissue infiltration. At the 24 week time point, there was a collapse
in the graft outline with a significant area of the grafted region
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being occupied by adipose tissue encapsulating residual graft and
only a small area of new bone at the base of the graft. Interestingly although the less porous denser TCP material showed less
bone infiltration at the 6 week time point at 24 weeks the denser
material demonstrated increased bone volume compared to the
less dense material. Furthermore the graft maintained its original
shape and was proposed as a more suitable material for an onlay
graft. The study highlights the importance of a material’s architecture on its ability to alter the rate of resorption and further
stresses the importance of a longer (24 week) observation period.
Our study also noted some collapse of the graft area – the height
of the graft around the central screw was maintained however
towards the periphery the graft reduced in height. This supports
the need to alter bone contour and volume supported by an implant or screw.
A study [24] conducted on a canine model aimed for lateral ridge
augmentation by creating two-wall defects in the mandibular alveolar ridges bilaterally. One of the materials tested in this study
was β-TCP with a porosity of 70%. This was a pilot study performed on 3 animals using three test sites. One site demonstrated
excellent bone formation, however two had inconsistent findings
of new bone infiltration.
In our study, the quantitative analysis of bone tissue within the
grafted region demonstrated promising results. The percentage
of new bone within the grafted region was higher at the second
time point compared to the first time point 0.48 ± 0.49 compared
to 0.79±0.42 and indicates bone tissue formation within the graft
over time (See Table 1). The question as to whether the graft is
being replaced by bone is confirmed by two findings, first, that
the graft surface (as measured by the eroded surface of the graft)
is reduced at the second time point 2799.88 ± 2857.68 compared
to 677.90 ± 112.92, and second that the overall volume of the
solid material within the grafted region as measured by the bone
and graft surface, changed very little over time (See Table 1). The
residual graft in one animal R1 from the first time point was considerably higher than in all the other cases 4820.56 compared to
779.19 in R3, 598.05 in R4 and 757.74 in R6, suggesting minimal

replacement of the graft over time (See Table 1). Interestingly this
was the only animal in which some wound dehiscence was noted
and highlights the importance of meticulous wound closure in the
success of bone tissue regeneration.
Micro-CT images are known to provide useful information on
contour and volume of grafted areas. Previous studies [25-27]
have shown micro CT images with computer assisted image analysis to be comparable to histomorphometry for measuring bone
tissue regeneration. In this study however we were unable to reliably differentiate the new bone within the grafted region from
the graft material. Further analyses for determining an accurate
threshold selection will be investigated as it has been shown to be
important for reliable measurement of a given volume fraction
[28].
For successful bone tissue regeneration the synthetic graft needs
to be vascularised. Although the graft may initially rely on the surrounding vasculature for the diffusion of nutrients and removal
of waste products, long term success requires that the graft develop a vascular bed. The newly developed blood vessels will enable
colonisation of the graft by osteogenic cells and eventually replacement of the graft with bone tissue. CD-31 antibody is an established marker of endothelial cells as it binds to a cell adhesion
molecule expressed strongly by endothelial cells. A recent study
has demonstrated that angiogenesis precedes osteogenesis [29].
Although only one section from the second time point could be
used in the immunohistochemical part of the study, it demonstrated positive labelling of endothelial cells. Therefore we were
able to demonstrate a successful protocol for staining endothelial
cells in this model and to demonstrate angiogenesis within the
grafted region. Similar angiogenic invasion into Beta-TCP has
been previously reported [30]. The sample size was however insufficient to enable quantitative analysis.
TCP has been used in a number of animal models and in varying
formulations; the studies indicate that for a given location the synthetic material may need to be tailor made to suit the application
in terms of its physical architecture, including porosity, microporosity, grain size etc. This study has developed an animal model to
test these materials for the specific clinical application of regen-

Table 1. Percentage of newly formed bone and remaining graft surface at the 3 week and 6 week time points.

BV/TA (%)
ES/TB(%)
SS/TA (%)

3 weeks
Average
6 weeks
R1
R3
R4
R6
0.14
0.82
0.48 ± 0.49
1.08
0.49
4820.56 779.12 2799.88 ± 2857.68 598.05 757.74
44.94
48.35
46.65 ± 2.41
34.91
54.41
BV/TA: [(total bone volume) / (Total area)]x100
ES/TB: [(Eroded surface of graft / Total bone surface]x100
SS/TA: [(Total bone and graft surface / Total area)]x100

erating bone in the reduced alveolar ridge. Although preliminary
histological and hisomorphometric analyses have been completed
a further study with more samples in each time point and over a
longer observation period would allow quantitative analysis with
statistical comparisons.
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