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l. Introduction

Guided bone regeneration(GBR) is a
well-established technique, both in the re-
constructing of atrophic alveolar bone prior
to implant placement and around exposed
implant surfaces at the time of implant
installation."™ For this promising technique,
two basic components are needed - mem-
brane and graft material.

The membranes itself placed and closely
adapted around the defects can inhibit the
nonosteogenic soft tissue cells and allow an-
giogenic and osteogenic cells from adjacent
bone marrow to resolve the defects with
bone tissue. But GBR therapy using mem-
brane alone has encountered some
complications. One of them is a membrane
collapse due to the soft tissue pressure dur-

ing healing period, causing decreased the

volume of created space.

Several attempts have been made to solve
the membrane collapse. The use of stiffer
membrane, i.e. titanium-reinforced e-PTFE
membrane5), or membrane supporting de-
vices such as stainless steel microscrewl is
one of them. Another method is the uti-
lization of graft material. The graft material
beneath the barrier membrane can support
the occlusive membrane, stabilize the blood
clot, and reduce the membrane shrinkage.
In addition to its physical advantage, the
graft material can influence the host re-
sponse during healing.

Graft materials are used for the purpose
of encouraging new bone formation by a va-
riety of process — osteogenesis, osteoinduction,
osteoconduction.” Autogenous bone is the
only graft material known to induce bone

formation through osteogenesis. Allogenic
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bone is thought to be osteoinductive because
of the presence of growth factors. Xenografts
and alloplastic substitutes are regarded to
guide bone formation by osteoconduction.
Although the use of autogenous bone is sug-
gested as a ‘gold standard for effecting bone
regeneration, the comparable results can be
obtained wusing nonautogenous grafting
materials.”

Among available graft materials, natural
bone mineral of bovine origin has shown
good osteoconductive properties in various
types of defects.®'?

In this study, histologic and histomorpho-
metric observations of bone sections ob-
tained from defect sites at surgically created
mandibular defects of beagle dogs that had
been augmented with new bovine hydrox-

yapatite/collagen membrane are reported.

Il. Materials and Methods

Surgical procedure in beagle dog
mandible

Four beagle dogs were used in this study.
All animals enrolled in this study were
cared and processed in accordance with the
Seoul National University Guidelines for the
care and use of laboratory animals.

Every surgical procedure was done under
general (ketamine, 7.5mg/kg, Yuhan Co.,
Korea and rompun, 3.5mg/kg, Bayer Korea,
Korea) and local (lidocaine with 1:100,000
epinephrine, Yuhan Co., Korea) anesthesia.
A sulcular incision was placed in the pre-
molar, molar regions on both sides of the

mandible. Buccal-lingual full thickness flaps
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were elevated. The 2nd/4th premolars on
both sides of the mandible were carefully
extracted. In the extraction sockets, the de-
fects sized 8mm*6mm*Smm were made using
carbide round bur under copious saline irri-
gation and the flaps were closed with inter-
rupted sutures. Intramuscular injections of
antibiotics were given for 3 days. The su-
tures were removed after 2 weeks.

After 4 weeks of healing, sulcus-crestal
incisions were placed in the edentulous
ridge and premolar, molar regions. Buccal-
lingual full thickness flaps were elevated.
The defect size was measured and the cor-
rection was done in case that the defect size
was diminished.

Fach defect was randomly assigned to 3
diffenrent groups : ‘Graft(Q)" group, ‘Craft+
Membrane(GM)" group, and ‘Non-graft(NG)’
group. Defects of ‘G group were grafted with
OCS-B® (Nibec Co., Seoul, Korea) and se-
cured with interrupted sutures. Defects of
‘GM group were filled with OCS-B® and
covered with Bio-Gide® (Geistlich Pharma
AG., Wolhusen, Switzerland). In ‘NG group,
the flaps were replaced and sutured without
any graft material or membrane. Intramuscular
injections of antibiotics were given for 3
days. The sutures were removed after 2

weeks.

Specimen preparation

The two dogs were sacrificed 4 and 6
weeks after graft procedure. The mandibles
were removed and placed in the 10% neutral
buffered formalin fixative. The extraction

sites were dissected into blocks. The tissue



blocks were rinsed with water, dehydrated
in a graded series of increasing ethanol con-
centrations and embedded in super low-vis—
cosity embedding media (Polyscience Inc.,
Warrington, PA). Sections were prepared in
the buccolingual plane and parallel with the
long axis of the extraction socket using
Exakt (Exakt
Appreateb, Hamburg, Cermany) set to a

cutting-grinding  system
thickness of 30um. The sections were stained
in haematoxylin and eosin and examined un-

der light microscope.

Histologic findings and
histomorphometric analysis

After specimen preparation, conventional
examination was done under light micro-
BH-2
Olympus Optical Co., Osaka, Japan) equip-

scope(Olympus light micro scope,
ped with a digital camera(Olympus
(C-3030ZO0M, Olympus Optical Co., Osaka,
Japan). Defect morphology resolved after
healing was traced and its area was meas-
ured using an automated image analysis
system(TDI

Histomorphometric measurements of newly

Scope Eye, Seoul, Korea).
formed bone were confined to the central
portions of the defect. The margin of new
bone tissue in the identified portion of the
defect was traced and the enclosed area was
determined in average area fraction. All
specimens were measured 3 times in random
order by one researcher, and the means (

standard deviation) were determined.

Statistical analysis

M

The overall data was statistically ana-
lyzed with repeated measures of ANOVA
with posthoc(Tukey) (p<0.01).

lll. Results
<Histologic findings>

Non—graft(NG) group

The new bone primarily consisted of in-
tensely stained woven bone. However, the
regenerated bone close to the pre-existing
bone exhibited a more lamellar structure.
The defect showed a continued bone for-
mation at 6 weeks.

Newly formed peripheral bone, mainly at
the lower half of the defect, resulted in a
significant bony defect, which primarily
healed by connective tissue repair(Figure 1-A).

Graft(G) group

Newly formed bone was well evident in the
defects filled with bovine hydroxyapatite.
The grafted materials are in direct contact
with the newly formed bone as well as with
connective tissue(Figure 2-A). The osseous
tissue around the grafted particles pre-
sented numerous osteocytes, typical to a wo-
ven bone pattern. At 6 week, the bridging of
new bone tissue around graft particle was
observed(Figure 3-A). However, at periph-
ery of the defect, the new bone tissue was
sparse compared to the center of the defect.

The defect was not collapsed as severely
as NG group and maintained its shape, but
some specimens showed the slight ridge de-

formities(Figure 1-B).



Graft+Membrane(GM) group
to ‘G
group(Figure 2-B, 3-B). However, the newly

Bone regeneration was similar
formed bone mass was more pronounced at
the membrane-protected defects. New bone
tissue was noticed peripherally, particularly
under the membrane. A typical phenomenon
was newly formed bone bridging the graft
particles. The defect morphology was per-
fectly maintained in ‘GM group. The colla-
gen membrane was clearly distinguished
from soft tissue in 6 weeks specimen, but its

degradation was detected in a few specimens.

<Histomorphometric analysis>

Recovered defect area (Table 1, Figure 4)

Table 1. Defect area square measurement(mm?2).

Group 6 weeks
Non-Graft 5.73£1.06
Graft 20.6%1.72"
Graft +Membrane 21.7+3.18% #

*<0.01, as compared with Non-Graft’
#statistical insignificance compared with ‘Graft’

The square measurement of healed bony
morphology at 6 weeks was 5.73(£1.06),
20.6(+1.72), and 21.7(+3.18) mm2 for NG,
‘G’, and ‘GM group, respectively. Statistical
recorded between NG
‘GM  group.

However, no significant difference was found

significance was

group versus ('group or

with regard to the use of membrane.

Regenerated bone area(Bone area fraction)
(Table 2, Figure 5)

Average bone area fraction of ‘G group in-

Table 2. Bone area fraction(%)

Group 4 weeks 6 weeks
Non-Graft 15.24+3.47 20.51+5.98%
Graft 26.08+4.58" 32.33 +2.66*.$
Graft +Membrane 217.51£9.70% # 35.13 +1.55% 4,9

*

#
$
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p<0.01, as compared with ‘Non-Graft’
statistical insignificance compared with ‘Graft
p€0.01, as compared with 4 weeks

creased with time: 26.08%(+4.58) and 32.33%
(£2.66) at 4 and 6 weeks,
Statistical difference between 4 to 6 weeks

respectively.

was found. Bone area fraction of ‘GM group
averaged 27.51%(%9.70) and 35.13%(£1.55)
at 4 and 6 weeks respectively and difference
was significant.

No statistically significant difference was
noted between ‘G group and ‘GM group in
bone area fraction at 4(26.08% versus
21.51%), 6(32.33% versus 35.13%) weeks.

Average bone area fraction of NG group
increased 15.24%(+3.47) and 20.51%(+5.98)
at 4 and 6 weeks respectively and it was
But
showed smaller regenerated bone area than

statistically significant. ‘NG group
‘G’ group and ‘GM group, and the difference
between NG group and ‘G group or CM

group was statistically significant.

IV. Discussion

Bovine hydroxyapatite used in this study
was capable of completely restoring ex-
perimental defects in dogs. The border be-
tween the old and newly formed bone was
clearly distinguishable. Newly formed bone

was observed in the grafted sites, as well as



in the non-grafted sites. Close observation
that started
around the graft particles and then filled in

indicated bone formation
the space between graft particles at a later
time. Regenerated bone was intimately con-
tact with the grafted particles.

At 6 weeks, the grafted defects showed
full restoration to its original shape regard-
less of the membrane, but the non-grafted
sites presented a significant concave
surface. Most of the defect was packed with
the particle in surgical site with graft mate-
rial and barrier membrane. In grafted site
without membrane, varying amounts of the
particles extended beyond the defect boun-
daries, probably due to fluids or pressure of
tongue or intraoral soft tissue. However,
histologically, bovine hydroxyapatite grafted
and uncovered sites showed comparable
findings to the grafted and covered sites.
This could be attributed to the excellent
graft osteoconductivity that accelerated new
bone formation. Furthermore, particle ag-
gregation by itself may serve as a type of
physical barrier that may inhibit soft tissue
cell migration into the defect.

The clinical and histological success of bo-
vine bone mineral was reported in many an-
imal and human studies.

AraGjo et al.”? reported the successful
lateral ridge augmentation using bovine- de-
rived bone substitute in canine model.
Compared to the autogenous block bone
graft which underwent marked resorption,
the biomaterial could retain its dimension,
and allowed amounts of new bone to be
formed within the graft material.

14)

In Hockers's animal study”, the deprote—
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nized bovine bone mineral yielded similar
results as autogenic bone grafts with respect
to vertical bone regeneration, new bone-
to-implant contact, area density of bone in
the vicinity of the grafts, and bone-to—graft
contact.

1. used Bio-0ss® for alveo-

Zitzmann et a
lar ridge augmentation with collagen mem-
brane, Bio-Gide® in humans. After 6 to 7
the

analysis revealed an intimate contact be-

months following grafting, histologic
tween woven bone and graft particle along
37% of the particle surfaces.

Anorganic bovine bone used in sinus aug-
mentation procedures was also showed a
good osteoconductivity.w) Specimens re-
trieved from humans after varying healing
periods from 6 months to 4 years after sur-
gery showed that the graft particles were
surrounded for the most part by mature,
compact bone. No gaps were present at the
interface between the bovine bone particle
and neighboring newly formed bone.

Carmagnola and his colleaguesm inves-
tigated the healing of human extraction
sockets filled with Bio—Oss® particles and
covered by Bio-Gide® membrane. After 7
34.4%

measured in specimens and average 40.3%

months, of new bone tissue was
of the particles was in contact with bone
tissue.

Biocompatibility and osteoconductivity are
two mandatory prerequisites for a bone sub-
stitute material applied in guided bone re-
generation technique.lg) Xenografts derived
from other species are processed to remove
their antigenicity by various chemical and

preparation techniques. These materials are



fabricated from the inorganic portion of bone
from animals: the most common source is
bovine. With the removal of the organic
component, concerns about immunological
reactions become nonexistent. The remaining
inorganic structure provides a natural archi-
tectural matrix as well as an excellent
source of calcium.”” So, bovine derived bone
mineral may fullfill the requirements as a
graft material. Some investigators empha-
size the slow resorption rate of bovine

18.19 . .
) as a weakness of bovine bone min-

bone
eral, but the slow resorption rate can be an
advantage in specific clinical situationsl3.
itself

troversial, because some studies reported a

And the resorption rate is con-
predictable resorption of particle after 12 to
13 months postoperative in augmented sinus
and extraction socket™*.

In this study, new bovine hydroxyapatite
was proved to be an excellent osteo-
conductive agent in grafted sites, which bio-
logically incorporated with newly formed
osseous tissue. Further studies about the
resorption rate of bovine hydroxyapatite and

its safety in humans are needed.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.
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Defect morphology of Non-graft site(A) is severely collapsed compared
toGraft (B) or ‘Graft+Membrane (C) site.

(original magnification, x1.25)

Histologic view of selected specimens(4 weeks). (A) Graft group : Note the
early bone apposition on the bovine bone particles. (B) Graft+Membrane
group .Graft particles intimately contact with woven bone and connective
tissue. (original magnification, x100)

Histologic view of selected specimens(6 weeks). (A)'Graft group : Woven
bone can be seen around bovine bone particle. (B) Graft+Membrane group :
New bone network is established bridging the graft particles.

Recovered defect area(mm?’)

(A)Non-Graft group (B)Graft group

(dotted line : margin of resolved defect morphology)

(original magnification, x1.25)

(C)Comparison of recovered defect area square measurement

Comparison of Bone area fraction
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Figure 1. (A) (B) (C)

Figure 2. (A) (B)

Figure 3. (A) (B)
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Figure 4. (A) (B)
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