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ABSTRACT

Background: In the case of localized ridge atrophy, a ridge augmentation procedure, with the use of bone substitutes and
barrier membranes, may then be necessary.

Purpose: The aim of the present study was a clinical, histological, and immunohistochemical evaluation of an equine spongy
bone in alveolar ridge augmentation procedures.

Materials and Methods: Five patients showing horizontal mandibular ridge defects participated in this study. A ridge
augmentation was performed through an onlay apposition of equine bone covered by a titanium-reinforced membrane.
After 6 months of healing, five bone cores from nonaugmented sites (control) and five from augmented sites (test) were
retrieved.

Results: In test sites, no postoperative complications occurred. Horizontal bone width increased from <4 to 27 mm. In
control sites, the newly formed bone represented 33%, and in test sites, 35% of the total area. The mean value of the
microvessel density was 25.6 +/— 3.425 per mm’ in controls, while 33.3 +/— 2.5 vessels per mm? in the test sites were found
(p < .05). Both groups showed a high intensity (++) of vascular endothelial growth factor expression in the newly formed
bone, while a low intensity (+) was found in the mature bone.

Conclusion: Equine bone appeared to be biocompatible and to be associated with new vessel ingrowth. Within the limits of
the small sample size, the present study indicated that equine bone could be used in mandibular ridge augmentations.
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INTRODUCTION

Dental implants placed in deficient ridges have higher
failure rates than those placed in ridges with a normal
bone height.! In the case of a localized ridge atrophy,
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a ridge augmentation procedure, with the use of bone
substitutes and barrier membranes, may then be
necessary.' Onlay grafts have been successfully used
either in the presence of wide alveolar defects or when it
is necessary to increase the horizontal diameter of the
alveolar crest to obtain a good aesthetic result and to
insert the implants in a correct way."®” On the other
hand, the augmentation of resorbed mandibles with
an interposed iliac crest graft can present surgical and
prosthetic complications, resulting in a greater implant
failure than using short implants.® The gold standard
graft material for bone regeneration is autologous bone,
because it contains vital bone cells.”" The harvesting of
autologous bone grafts, however, requires an additional
surgical procedure and may be associated with hospital-
ization, higher costs, longer treatment time, and some
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morbidity at the donor site (ie, pain and discomfort).'*"?

To avoid these complications, the use of other bone
substitutes, for example, allografts or xenografts, has
been proposed.

Xenografts are bone grafts that have been taken
from a donor of another species. These natural mate-
rials, thanks to their chemical-physical characteristics
similar to those of the human bone, show great osteo-
conductive properties.'®” Most of the xenogenous
materials used in bone regeneration procedures are
either of bovine or porcine origin.'* To our best knowl-
edge, there are no studies on equine-derived bone sub-
stitutes, apart from the few articles on equine bone
protein extract, which showed its ability to induce
osteoblastic differentiation of human bone marrow-
derived mesenchymal stem cells" or to induce ectopic

1.2° The material used in

bone formation in a rat mode
the present study was an equine-derived bone substi-
tute material commercially available (Osteoplant Flex®,
Bioteck Srl, Arcugnano, Vicenza, Italy), which was
deantigenated through a low-temperature (maximum
37°C) enzymatic process that should not alter its
mineral component.

In order to have a bone formation and a successful
repair at the grafted site, blood supply and a close
contact between the implanted material and the vascu-
larized tissue are fundamental requirements.*"** Angio-
genesis is the process of vascular induction, and it has an
important role in wound healing, inflammatory diseases
and tumors, and in endochondral and intramembra-
nous ossification in bone growth.”* Bone formation is
closely linked to blood vessel invasion®, and angiogen-
esis precedes osteogenesis.”’

Vascular endothelial growth factor (VEGF) is a mul-
tifunctional angiogenic mediator that potently increases
microvascular permeability, stimulates endothelial cell
proliferation, induces proteolytic enzyme expression,”
attracts endothelial cells and osteoclasts, and stimulates
osteoblast differentiation.”**** It has been involved in
peri-implant healing processes,” in osteoclastogenesis,”
in bone resorption,”* and in wound healing.”” Localized
VEGEF delivery has been demonstrated to be beneficial
for bone regeneration in numerous animal models by
promoting neovascularization, bone turnover, osteo-
blast migration, and mineralization.”® VEGF production
seems to be the major mechanism in which angiogene-
sis and osteogenesis are tightly related during bone

repair.””*®

One of the methods of assessing the presence of
blood vessels in a tissue is to count the microvessels to
evaluate the microvessel density (MVD).” MVD has
already been used in a few studies to evaluate the pres-
ence of blood vessels and the angiogenetic properties of
bone substitute materials.***> Moreover, MVD has been
extensively studied in tumors and seemed to correlate
with VEGF expression.*

The aim of the present study was to conduct a clini-
cal, histological, and immunohistochemical evaluation
of a partially demineralized equine spongy bone used in
association with a titanium-reinforced membrane for
alveolar ridge augmentation procedures.

MATERIALS AND METHODS

Clinical Cases

Five patients (two males and three females with a mean
age of 45.5 years, range 32-59 years) participated in
this study. All patients were medically healthy, with
a noncontributory past medical history, and were
treated, starting in November 2001 until June 2005, at
the private practice of one of the authors (D.S.). The
procedure was explained to the patients, and all the
patients signed a written informed consent form.

Inclusion criteria were as follows: mandibular
defects in a vestibulolingual direction resulting from
prior extractions, crestal width of <4 mm, crestal height
of 210 mm, age >30 years, moderate smoking (less
than 10 cigarettes/day), controlled oral hygiene (overall
plaque score of <20%), and absence of any lesions in the
oral cavity; in addition, the patients had to agree to
participate in a postoperative control program.

Exclusion criteria were as follows: a high degree of
bruxism; smoking more than 10 cigarettes/day; excessive
consumption of alcohol (about 1 L of wine/day); local-
ized radiation therapy of the oral cavity; antineoplastic
chemotherapy; blood, liver, and kidney diseases; im-
munosuppression; corticosteroids and biphosphonates
therapy; pregnancy; inflammatory and autoimmune
diseases of the oral cavity; and poor oral hygiene (overall
plaque score of >20%).

At the initial visit, all patients underwent a clinical
and occlusal examination, and periapical and pan-
oramic radiographs; computed axial tomography (CAT)
scans were performed to evaluate the bony wall mor-
phology and to measure the height and width of the
residual ridges.
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Figure 1 (A) A thin (3 mm) alveolar ridge is present. (B) The equine bone layer has been fixed, with osteosynthesis screws, as an onlay
to the alveolar bone. (C) The onlay graft has been covered with a titanium-reinforced expanded polytetrafluoroethylene membrane.
(D) The alveolar ridge 6 months after insertion of the implanted material, showing an increase of the ridge width (=7 mm).

Bone Grafting Material Preparation

Bone regeneration was performed through the onlay
apposition of an enzyme-deantigenated equine flexible
spongy bone layer (Osteoplant Flex, Bioteck, Vicenza,
Italy), which (25 X 25 x 3 mm) had been obtained from
an equine femur. This material has been approved for
clinical use on patients according to the European stan-
dards. The gross residues had been mechanically cleaned
from the femurs; the bone had been cut so that the
spongy part of the epiphysis or diaphysis was isolated.
The spongy fraction had then been cut into pieces, and
these underwent enzymatic deantigenation by immer-
sion in a thermostatic bath containing a complex
aqueous enzymatic solution at 37°C. The duration of the
treatment and the composition of the mixture had been
optimized in order to obtain a total deantigenation of
the sample. The deantigenated sample had then been
partially demineralized by an electrolytic treatment in a
slightly acidic solution containing HCI. This treatment
rendered the spongy layer flexible when it was rehy-
drated. The spongy layer was then dehydrated by lyo-
philization, packaged, and sterilized with 25 kGy beta
irradiation.

Surgical and Grafting Procedure

On the same day of the surgery, each patient was draped
to guarantee a maximum asepsis, and antibiotic prophy-

laxis (Amoxicillin/Clavulanic acid, Augmentin, Glaxo-
SmithKline, Verona, Italy) was initiated. One hour
before the surgery, the patients were also premedicated
with a sedative (Diazepam, Valium 2, Roche, Monza,
Milan, Ttaly) and a common nonsteroidal anti-
inflammatory drug (Nimesulide, Aulin, Bayer, Milan,
Italy), and then the patients were subjected to
mouth rinses with Chlorhexidine 0.2% (Corsodyl,
GlaxoSmithKline).

Under local anaesthesia with 4% articaine and
1:100,000 epinephrine (Citrocartin 100, Molteni, Scan-
dicci, Florence, Italy), a full thickness mucoperiosteal
flap was elevated and reflected to expose the underlying
ridge (Figure 1A). The vestibular wall of the ridge,
including the adjacent control area, was partially decor-
ticalized with a bone collector (Safescraper Twist, Meta,
Reggio Emilia, Italy). The flexible spongy bone layer was
then rehydrated for about 5 minutes in sterile saline
solution at room temperature, and molded by hand in
order to adapt to the defect. The spongy layers were then
fixed to the vestibular wall of the ridge through transcor-
tical screws using a proper screwdriver (Bioteck Srl,
Arcugnano, Vicenza, Italy) (Figure 1B). Finally, the
grafting and control sites were covered with a titanium
reinforced, expanded polytetrafluoroethylene mem-
(W.L. Gore & Associates®, Verona, Italy)
(Figure 1C), and themucoperiosteal flap was sutured.

brane
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Figure 2 The bone cores were retrieved with a 3.5 X 10-mm-diameter trephine in a vestibulolingual direction, (A) in the area
immediately behind the graft (control) and (B) in the area where the grafting procedure had been performed (test).

Antibiotic treatment was prescribed for 6 days after the
surgery, and analgesics were given as required. Sutures
were removed 2 weeks after the surgery. Postsurgical
visits were scheduled at monthly intervals to check the
course of healing. After a mean of 6 months of healing,
the surgical site was reopened (Figure 1D), a second
CAT scan was performed, measurements of alveolar
ridge width were performed and evaluated by a masked
examiner (D.S.), and by means of a surgical template,
the implants (XiVE, DENTSPLY-Friadent, Mannheim,
Germany) were inserted. A total of 15 implants
were inserted, and these included four implants that
were 3X 11 mm, two that were 4.5x 13 mm, two
4.5%x 11 mm, two 3.8 X 13 mm, two 3.8 X 11 mm, two
3 % 13 mm, and one that was 3.8 X 8 mm. A 3.5 x 10-
mm-diameter trephine was used to harvest bone cores,
under a cold (4-5°C) sterile saline solution irrigation.
The bone cores were retrieved in a vestibulolingual
direction in the area immediately behind the graft
(control) (Figure 2A) and in the area where the grafting
procedure had been performed (test) (Figure 2B); the
dimension of the bone cores was 3 X 8 mm. In each
patient, two bone cores, a control and a test, were
retrieved. A total of 10 bone cores, five from the non-
augmented ridges (control) and five from the aug-
mented ridges (test), were retrieved. The second-stage
surgery was carried out after an additional healing
period of 6 months, and all the implants were restored
with a fixed prosthesis. The average follow-up was 40.5
months.

Histologic and Immunohistochemical
Procedures

All specimens were fixed in formalin (10% neutral
buffered formalin). The specimens were decalcified in a

filtered solution of 37.22 g of ethylendiaminotetracetic
acid (sodium salt) in 1L of distilled water containing
70 mL concentrated hydrochloric acid for 1 to 2 months.
The specimens were then dehydrated in ethanol and
embedded in paraffin. Three 5-| cross-sections were cut
for each sample and were mounted on poly-L-lysine-
coated slides. Serial sections were cut. One section per
sample was stained with hematoxylin-eosin and was
used for histologic observations and histomorphomet-
ric measurements. Histomorphometry of the newly
formed bone and residual implanted material was
carried out for each case on the whole sample at low
magnification (x25). The area occupied by osteoblasts
and osteoclasts was measured on 10 randomized fields
for each sample at a x40 magnification. These measure-
ments were undertaken by a masker examiner (L.A.)
on the hematoxylin-eosin stained sections prior to
immunohistochemical staining using a light microscope
(Laborlux S, Ernst Leitz GmbH, Wetzlar, Germany) con-
nected to a high-resolution video camera and interfaced
to a monitor and PC. This optical system was linked
to a digitizing pad and a histometry software package
with an image capturing capacity (Image-Pro Plus 4.5,
Media Cybernetics Inc., Immagine & Computer, Milan,
Italy).

One section per sample was then immunostained
for CD-31 with the Streptavidine-Biotin-Peroxidase
(Strep-ABC) method using a mouse monoclonal anti-
body (Novocastra Laboratories Ltd, Newcastle, UK).
Paraffin sections were dewaxed using xylene, rehydrated,
(pH7.6) for
10 minutes. In order to unmask the antigens, the speci-

and finally washed in Tris buffer

mens were placed in a 2.1% aqueous solution of citric
acid in a microwave oven. The following steps were opti-
mized by automatic staining (Optimax, BioGenex, San
Ramon, CA, USA). The sections were incubated with
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Figure 3 (A) Vascular endothelial growth factor (VEGF) showing a low positive staining of endothelial cells lining the blood vessels.
(B) Low intensity (+) of VEGF expression. (C) VEGF high positive staining of endothelial cells lining the blood vessels. (D) High
intensity (++) of VEGF expression. VEGF staining (alkaline phosphatase anti-alkaline phosphatase) 30x.

primary anti-CD-31 monoclonal antibody diluted 1:50
for 30 minutes at room temperature. The slides were
rinsed in buffer (Automated IHC Wash, Novocastra
Laboratories Ltd), and the immunolabeling reaction
was completed according to the Strep-ABC-Peroxidase
manufacturer’s instructions (Novocastra Laboratories
Ltd). After incubation with diaminebenzidine (DAB)
chromogen solution, the specimens were counterstained
with Mayer’s hematoxylin, and coverslips were applied.
The antibody against human CD-31-related antigen was
used to highlight blood microvessels; all structures with
a lumen surrounded by CD-31 positive endothelial cells
were accounted as blood vessels. However, only vessels
that had a diameter of less than 3 |, presented a vessel
wall thickness of less than 1, and had 1 or more
endothelial cells that lined the lumen were considered
microvessels and enumerated.” The microvessel count
was performed using an IBAS-AT image analyzer
(Kontron, Munich, Germany). For evaluation, a X400
magnification was used, and the individual microvessel
profiles were circled to prevent the duplication or omis-
sion of any microvessels. For each case, 10 high-power
fields, corresponding to 1.1 mm? were randomly
selected, and measurements were performed. The values

were expressed as the number of microvessels per mm?
(MVD).

One section per sample was immunostained for
VEGF using the Strep-ABC method. Paraffin sections
were dewaxed by xylene, rehydrated, and finally washed
in Tris buffer (pH 7.6) for 10 minutes. In order to
unmask the antigens, a microwave oven and a 2.1%
aqueous solution of citric acid related to VEGF mono-
clonal antibody (Diapath, Martinengo, Bergamo, Italy)
were used. Subsequent steps were optimized by auto-
matic staining. Sections were incubated for 30 minutes
with an anti-VEGF antibody diluted 1:100 at room tem-
perature. The slides were rinsed in buffer (Automated
IHC Wash), and the immunoreaction was completed
according to the Strep-ABC-Peroxidase manufacturer’s
instructions. After incubation with DAB chromogen
solution, the specimens were counterstained with
Mayer’s hematoxylin and were coverslipped.

The assessment of VEGF expression was carried out
at the level of endothelial cells lining the vessels using
the image analysis software described earlier. Two differ-
ent VEGF staining intensities were assigned: yellow
corresponding to low VEGF expression (Figure 3, A and
B), and red corresponding to high VEGF expression
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Figure 4 Computed axial tomography (CAT) scans (A) before and (B) after surgery revealing that a 7-mm bone width has been

achieved.

(Figure 3, C and D). A semiquantitative analysis was
performed choosing five random fields for each speci-
men (x30 magnification). The value was considered low
(+) when >50% of the vessel area was yellow, and high
(++) when >50% was red. All the immunohistochemical
measurements were carried out by a masked examiner
(L.A).

Statistical Analysis

Differences between CAT scan measurements before
and after the alveolar ridge regeneration with equine
spongy bone layer were evaluated using a paired #-test;
p<.05 was considered significant after testing the
normal distribution using the method of Kolmogorov
and Smirnov. The same analysis was used for testing
differences between the control and test MVD values. All
the measurements were expressed as mean + standard
deviation.

RESULTS
Clinical Findings

The implanted material used in this study proved to be
elastic and flexible; it was easily handled and could be
cut to the necessary length and width in order to obtain
the desired shape. The material was not friable, and it
was easily fixed to the alveolar bone with osteosynthesis
SCrews.

Regenerated ridges healed uneventfully. No post-
operative complications were present after the ridge

augmentation procedures and at the time of the implant
surgery. No evidence of serious adverse local (ie, foreign
body reaction, pain, dysesthesia, inflammation, mem-
brane exposition, or dehiscences) was observed in any
patient throughout the study. No implanted material
was identified in the regenerated sites. The newly formed
bone was macroscopically similar to the surrounding
bone. By comparing CAT scans 6 months before and
after the surgery, it was found that the crestal bone was
adequate for implant placement in all patients. Horizon-
tal bone width increased from an initial average value
of <4mm (Figure 4A) to a final value of >7 mm
(Figure 4B) with statistically significant differences
(p <.0001) (Table 1). All the inserted implants were
osseointegrated, and no failures were reported at the last
follow-up.

Control Sites

The bone cores obtained from nonregenerated sites
showed a mature compact bone with regularly distrib-
uted vascular structures of large and medium dimen-
sions located in marrow spaces and in Haversian canals
(Figure 5A). The newly formed bone represented 33% of
the total area, and of this, 85% was lamellar and 15% was
woven. In some areas, it was possible to observe a few
osteoblasts depositing osteoid matrix. In the lingual
portion of the core, osteoblasts represented 7% and
osteoclasts represented 5% of the total, while in the ves-
tibular portion of the core, osteoblasts represented 14%,
and osteoclasts 2%. Low intensities (+yellow) of VEGF
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TABLE 1 Computed Axial Tomography Scan Measurements before and

after the Alveolar Ridge Regeneration with Equine Spongy Bone Layer

Ridge Width Ridge Width
Measurements before Measurements after

Subject Regeneration Regeneration p Value
1 3.8 7.1 p <.0001
2 4.0 7.3

3 3.7 7.0

4 3.8 7.0

5 4.0 7.3

Mean + standard 3.86£0.13 7.14£0.15

deviation

Paired t-test.

expression were prevalent in the proximity of more
mature bone tissue, while high intensities (red ++) were
found around the newly formed bone (Figure 6A). The
mean value of MVD in the control bone was 25.6 +/—
3.425 per mm?’.

Regenerated Sites

In all specimens, vital, lamellar bone with some woven
bone, residual implanted material, and cell-rich and
well-vascularized connective tissue was observed. The
newly formed bone represented 35% of the total bone
tissue, and of this bone, 80% was lamellar and 20% was
woven. The residual implanted material particles repre-
sented 30% of the total bone tissue and presented
marked staining differences from the host bone because
of a lower affinity for the staining. Many trabeculae,
which were being actively remodeled, were identified by
the presence of abundant osteoblasts, a thick layer of

osteoid and resorption lacunae. In the lingual portion of
the core, osteoblasts represented about 8% of the surface
area, while the osteoclasts represented 7%. In the vesti-
bular portion of the core, osteoblasts represented 10 to
15%, while osteoclasts represented 4%. No inflamma-
tory cell infiltrate was present around the material or at
the interface with bone. Small- and middle-sized vessels
(VEGF ++) were found in contact to the implanted
material, while the larger vessels, found near the mature,
lamellar bone, expressed a lower VEGF activity (+).The
mean value of the MVD was 33.2 +/— 2.5 per mm*. Most
of the vessels were of small size (Figure 5B), but none of
them were present between the bone substitute and the
newly formed bone.

The statistical analysis showed that the differences

between the test and the control sites were statistically
significant with respect to the MVD values (p <.0170)
(Table 2).

Figure 5 (A) Control sample showing the presence of compact bone (CB) with many osteocyte lacunae (*), and regularly distributed
vascular structures of large and medium dimensions (**) located in marrow spaces and in Haversian canals. (B) Test sample showing
the presence of CB with many osteocyte lacunae (*) and marrow spaces. Small vessels (**) are mainly located in the proximity of the

newly formed bone. H&E 30x.
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Figure 6 (A) Control sites: high intensities (++) of vascular endothelial growth factor (VEGF) expression were found in a small
vessel (**) around the newly formed bone. (B) Regenerated sites: small- and middle-sized vessels (**) (VEGF ++) were found in
contact to the implanted material (equine bone). VEGF staining (alkaline phosphatase anti-alkaline phosphatase) 40x.

DISCUSSION

The interactions between bone formation and angio-
genesis still remain to be fully elucidated as physiological
angiogenesis during bone remodeling is undefined.* It
is well known that angiogenesis is essential for the
replacement of cartilage by bone during skeletal growth
and regeneration.” A strong relationship between revas-
cularization and osteogenesis in and around autogenous
bone grafts has been observed, and the presence of vas-
cular sprouts from the recipient bed has been reported
to be intimately related to the development of a new
bone.” Furthermore, a significant relationship has been
reported between vessel number and bone formation.*
In a previous study from our laboratory in sites regen-
erated with Bio-Oss® (Geistlich Sohne AG, Wolhusen,
Switzerland) at 3 and 6 months, it was found that in the
areas surrounding the newly formed bone, MVD values
were higher than in the areas of more mature, compact
bone.* A similar trend was shown by VEGE which

stained 65% of all vessels around the newly formed bone
and only 30% in the areas of mature, compact bone.*!
These findings could indicate a close spatial relationship
between angiogenesis and osteogenesis. In the present
study, it was found that smaller vessels were in close
contact with the newly formed bone, while larger vessels
were located at a distance. The smaller vessels presented
a high intensity of VEGF expression, while the larger,
more distant vessels showed a lower VEGF expression.
This is also in agreement with a previous study by
Cetinkaya and colleagues® where blood vessels with
large dimensions were seen in the destruction stage of
periodontal disease, while in the healing stage, large
areas were occupied by numerous blood vessels with
smaller dimensions.

Regenerating tissues have higher metabolic needs
and thus require a dense capillary network during
repair.’* In the present specimens, it was found that in
the sites regenerated with equine bone at 6 months,
there was a statistically significant higher quantity of

TABLE 2 Microvessel Density (MVD) Values of the Test and Control

Samples
Control Test
Sample MVD values MVD values p Value
1 21.4 31.9 p<.0170
2 23.3 32.7
3 25.7 36.3
4 29.9 30.1
5 27.9 35.4
Mean = standard deviation 25.64 + 3.41 33.28 = 2.54

Paired t-test.



vessels than in the control site. These findings are similar
to those reported in a previous study from our labora-
tory, where 3 months after a sinus augmentation with
Bio-Oss®, the mean values of MVD were similar to those
of control bone, while at a later period (6 months), there
was a significantly higher MVD count in the regenerated
sites when compared with the control sites. In a rabbit
study, where calcium sulfate was used to fill 6-mm-wide
defects, at 4 weeks, a higher MVD value was found in the
sites regenerated with calcium sulfate when compared
with the control sites.* Taken together, these findings
supported the link between regeneration and revascu-
larization of differentiating tissues. Therefore, in the
present specimens regenerated with equine bone, the
presence of the newly formed bone in a slightly greater
amount than in the control could be explained by
the capacity of this material to support a new vessel
formation.

In regions where there is a poor vascularity, the
undifferentiated pluripotential cells are shunted into a
chondrogenic rather than an osteogenic pathway.”” In a
study in rabbits, using an antiangiogenic substance,
Mair and colleagues® found that in areas of extensive
bone formation, the inhibition of blood vessel forma-
tion negatively affected the osseointegration process.

VEGF production seems to be a major mechanism
that links angiogenesis and new bone formation at the
bone repair sites,” and newly formed bone was always
found in very close contact with the newly formed blood
vessels.” In a study on the expression of VEGF in a rat
model at destructive and healing stages of periodontal
disease, a statistically significant difference was found in
the number of blood vessels in the healing group and in
the diameters of blood vessels in the destructive group
when compared with the control.’! In the present study,
no differences in the VEGF expression between the
control and test samples were found; the same pattern of
VEGF expression, that is, high intensities close to the
newly formed bone and low intensities next to the
mature bone, was present. Moreover, in the regenerated
sites where the highest mean MVD values were found,
there was also a slightly higher amount of newly formed
bone.

In all the specimens in the present study, the newly
formed bone was present. Most of the implanted mate-
rial was surrounded by bone. The bone was observed in
tight contact with the implanted material, and no gaps
or fibrous tissues were observed at the interface. Further-
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more, no inflammatory cell infiltrate or foreign body
giant cells were observed, and these findings support the
good biocompatibility of this material. The percentage
of newly formed bone was similar to the values reported
using other xenografts of different origin.*"**

In conclusion, the results of the present study show
that the equine graft material used was biocompatible,
and its usage was associated with new blood vessels
ingrowth during healing, which has been found to be
extremely important in bone formation. Within the
limits of the small sample size, these findings show that
the equine spongy material used in the present study can
be safely and successfully used to perform mandibular
ridge augmentations. Further studies on well-controlled
animal models need to be carried out for a systematic
evaluation of this new bone substitute material.
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