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Background: Recombinant human bone morphogenic
protein-2 stimulates bone augmentation in animal models.
The aim of this study was to evaluate the capacity of bovine
bone mineral coated with synthetic oligopeptides to enhance
guided bone regeneration in the beagle 3-wall defect model
and the clinical implications.

Methods: The second and fourth mandibular premolars of
four adult beagle dogs were extracted bilaterally, and the ex-
traction sites were allowed to heal for 2 months. An L-shaped
defect was prepared at the central part of the extraction site
with a round bur on a low-speed motor. Peptide-coated bone
mineral was implanted on one side, and uncoated bone min-
eral was implanted on the other side. The membrane was
tucked underneath the mobilized lingual flap. New bone for-
mation at the test and control sites was determined at 4 weeks.

Results: No specimen revealed any evidence of infection or
foreign body reaction, and all wounds showed a good healing
response. Sites augmented with peptide-coated bone mineral
and uncoated mineral exhibited excellent maintenance of the
ridge contour. There was more new bone at sites with peptide-
coated bone mineral than at control sites. The new bone in
sites with peptide-coated bone mineral was deposited evenly
around the graft material, and bone mineral was integrated
fully into the new bone.

Conclusion: Deproteinized cancellous bovine bone coated
with synthetic oligopeptides enhanced new bone formation,
and it seemed to be a better material for guided bone regener-
ation in the beagle L-shaped defect model. J Periodontol 2007;
78:2150-2155.
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V
arious graft materials, including
allografts, xenografts, and allo-
plastic materials, are used for

guided bone regeneration because of
limited autogenous bone availability. Hard
tissue graft material is combined often
with bioabsorbable or non-resorbable
membranes. The membranes prevent
epithelial cell migration and protect the
graft material.1 Despite these attempts,
new bone formation is limited, and there
are impediments in the implant proce-
dures. Therefore, early bone formation
is necessary. Recombinant human bone
morphogenetic protein-2 (rhBMP-2) stim-
ulated bone augmentation in an animal
model.2,3 Bone morphogenetic protein
(BMP)-2 and other growth factors are
difficult to use because of their high
molecular weights, immunological re-
sponses, cost, coupling to scaffolds, and
problems in targeting to remote organs.
Synthetic peptides have been suggested
to overcome these shortcomings.4-6

In this study,deproteinizedbovine bone
granulescoated with15aminoacidoligo-
peptides corresponding to BMP receptor
I (BMPRI) and BMP receptor II (BMPRII)
binding domains were used. The cells
grown with peptide-loaded bone mineral
had significantly higher proliferation than
cells grown with unloaded bone mineral
in the rabbit calvarial defect.7 A synthetic
BMP-2 receptor binding motif was linked
covalently to titanium surfaces through a
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chemical conjugation process, resulting in a signi-
ficant increase in bone growth. The investigators
suggested that modifying titanium surfaces biochem-
ically could enhance bone healing compared to un-
treated titanium.4

The aim of this study was to evaluate the ability of
bovine bone mineral coated with synthetic oligopep-
tides to enhance guided bone regeneration in the
beagle L-shaped defect model and the possible clini-
cal implications.

MATERIALS AND METHODS

Preparing Peptide-Coated Deproteinized
Bovine Bone
Deproteinized cancellous bovine bone particles and
peptide-coated bone mineral¶ were created by the
method reported previously.7

Apeptide sequencecorresponding to thecell-binding
domains of BMPRI and BMPRII, containing sequence
DWIVA, was obtained from the manufacturer.# The
peptide was synthesized chemically using an auto-
matic peptide synthesizer** by the manufacturer.#

The peptide was modified further at its N-terminal
with a spacer to facilitate the coating of the bone
material with the peptide.

Deproteinized cancellous bovine bone particulates
between 0.2 and 1.00 mm in size were used. The pep-
tide was applied by incubating the bone for 24 hours in
a solution containing the peptide in phosphate buff-
ered saline (PBS). The incubation was carried out at
room temperature with gentle shaking to ensure equil-
ibration of the peptide with all exposed surfaces of the
microporous bovine bone. Following incubation, the
bone mineral was washed three times by shaking with
a 5· volume of PBS over a 24-hour period to remove
unadsorbed peptide. The bone mineral was collected,
dried, and then sterilized by gamma irradiation.

Surgical Procedure
Creation of artificial bony defects and ridge
augmentation surgery. Four adult male beagle dogs,
weighing ;15 kg each, were used as study subjects.
The animal protocol was approved by the Institute
of Laboratory Animal Resources, Seoul National Uni-
versity. A randomized, double-masked split-mouth
design was applied in this study. The animals had in-
tact dentition with a healthy periodontium. Equal
amounts of 2% xylazine hydrochloride†† and keta-
mine hydrochloride‡‡ were used for general anesthe-
sia; 2% lidocaine with epinephrine (1:100,000) was
used for local anesthesia. Under anesthesia, the sec-
ond and fourth mandibular premolars were extracted
bilaterally. The extraction sites were allowed to heal
for 2 months.

During the experimental surgery, the periodontal
flap was elevated, and an L-shaped defect8 measuring
8 (mesio-distal) · 6 (apico-coronal) · 5 mm (bucco-
lingual) was prepared at the central part of the extrac-
tion site with a round bur on a low-speed motor (Fig.
1A). Copious sterile saline irrigation was used during
preparation of the bone defects. Although individual
differences in the alveolar ridge dimensions did not
allow a perfect standardization of the defects, a careful
effort was made to keep the defect dimensions rea-
sonably constant in size.

Peptide-coated bone mineral was implanted on
one side, and uncoated bone mineral was implanted
on the other side (Fig. 1B). The membrane§§ was
trimmed to overlap the defect margins by ;2 mm
and tucked underneath the mobilized lingual flap.

Figure 1.
A) An 8 (mesio-distal) · 6 (apico-coronal) · 5 mm (bucco-lingual) bone defect was prepared at the central part of the extraction area. B) The defects
were augmented randomly with uncoated bone mineral on one side and peptide-coated bone mineral on the other side (uncoated bone mineral is
shown here). C) The membrane was applied to the defect and stabilized with two membrane fixation pins.

¶ OssGen X-15, Nano-Intelligent Bioengineering Corp. (NIBEC), Seoul,
Korea.

# NIBEC.
** APEC 396, Advanced ChemTech, Louisville, KY.
†† Rumpen, Bayer Korea, Seoul, Korea.
‡‡ Ketalar, Yuhan, Seoul, Korea.
§§ Bio-Gide, Osteohealth, Wolhusen, Switzerland.
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The membrane was stabilized with two membrane
fixation pinsii on the buccal aspects (Fig. 1C). The
periosteum was released at its base, and the wound
margins were reapproximated and closed with inter-
rupted sutures for a tension-free closure. The average
percentage of new bone formation at the test and con-
trol sites was determined at 4 weeks.

Histologic Preparation and
Histomorphometric Evaluation
The animals were sacrificed 4 weeks after surgery.
The retrieved specimens were fixed in 10% neutral
buffered formalin, dehydrated in an ethanol series,
and embedded in embedding media.¶¶ Two coronal
sections close to the center of the defects were sliced,
ground,## and stained (basic fuchsin and toluidine
blue methods). Examination was conducted using a
light microscope.***

Photographs of each slide were taken using a digital
camera,††† and the images were saved on a com-
puter. Computer-assisted histomorphometric mea-
surements of the newly formed bone, graft particles,
and soft tissue were obtained using an automated
image analysis system.‡‡‡ The ratio of bone regener-
ation was calculated as the area of newly formed
bone divided by the original defect area.9

Statistical Analysis
Statistical analysis was performed using software.§§§

Data are reported as mean –SD with a significance
level of P <0.05. A paired Student t test was performed
to compare data from the in vivo histomorphometric
analysis.

RESULTS

Observation of Bone Regeneration in Artificial
Bony Defect
No specimen revealed any evidence of infection or
foreign body reaction, and all wounds healed well.
Excellent ridge contour maintenance was seen in
both groups.

Although a few bony islands were found in the cor-
onal part of the defect, the defect area was occupied
primarily by the graft material and the connective tis-
sue at the sites that had uncoated bone mineral (Fig.
2A). The new bone formation was minimal (Figs. 2B
and 2C), and the newly formed bone was located
mainly near the defect border.

In the sites with peptide-coated bone mineral, new
bone formation was observed throughout the defect
(Fig. 3A). The quantity of new bone at sites with pep-
tide-coated bone mineral was greater than at control
sites. Most of the specimens showed new bone forma-
tion extending to the coronal part of the defect. The
new bone was deposited evenly around the graft ma-
terial, the bone mineral was integrated fully with the
new bone, and newly formed bone exhibited a trabec-
ular pattern (Figs. 3B and 3C). The appearance of new
bone in the group with peptide-coated bone mineral
was more mature than in the group with uncoated
bone mineral.

Figure 2.
A) Histologic view of a specimen with uncoated bone mineral at 4 weeks. The bony margin is indicated by the arrows. The width of the ridge is well
maintained, but bone formation was limited. B and C) Higher magnification of the boxes shown in A. There was limited bone formation around the
graft material. New bone formation was sparse (*). (Multiple staining; original magnification: A, ·20; B and C, ·100.)

ii Frios pin, Riatec, Mannheim, Germany.
¶¶ Technovit 7200, Exakt, Hamburg, Germany.
## Exakt.
*** Olympus BH-2, Olympus Optical, Osaka, Japan.
††† Olympus Optical.
‡‡‡ TDI Scope Eye, Seoul, Korea.
§§§ SPSS v. 10.1, SPSS/PC, Chicago, IL.
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Histomorphometric Evaluation
The results of the histomorphometric analysis are
shown in Table 1. The average area occupied by
new bone was 5.7% – 3.8% for the sites with uncoated
bone mineral and 25.6% – 6.1% for the sites with pep-
tide-coated bone mineral. The proportions of soft
tissue were 62.2% – 8.9% for the control sites and
47.6% – 3.8% for the test sites. There were significant
differences in the regenerated area and the soft tissue
area between the two groups (P <0.05). The average
proportion of the sample occupied by deproteinized
bovine bone particle was not significantly different
between the two groups (P >0.05).

DISCUSSION

Defects can be categorized as submerged or non-sub-
merged.10 Submerged defects have the periodontal
defect, root, and crown under mucoperiosteal flaps.11

Non-submerged defects use a flap over a periodontal
bony defect around a tooth or teeth.12

Defects also can be categorized as acute or chronic.
In acute defects, some level of spontaneous regener-
ation is expected.13 In this study, a 2-month healing
period was used to minimize the effects of the extrac-
tion. The defects were created, and the augmentation
procedures were done at the same time. The acute
model has some research advantages, including a
short time required to keep the animals and less diffi-
culty in standardizing the defects.

Several types of defects have been used to evaluate
new bone formation. Seibert and Nyman14 created
bucco-lingual ridge defects averaging 13 mm mesio-
distally, 7 to 8 mm coronally apically, and 3.5 mm
bucco-lingually in the mandibular second and third
premolar area. Kim et al.15 prepared box-type 1-, 2-,
and 3-wall intrabony defects (4 · 4 · 4 mm) on the
distal aspect of the mandibular second premolar and
the mesial aspect of the mandibular second and fourth
premolars. In this study, two standardized L-shaped
defects were created on each side of the mandible.
The anatomy of the bone defect (L-shaped) was ex-
pected to provide better support for the flaps and bet-
ter stability for coagulum than through-and-through
defect.16

rhBMP-2 seems to influence endochondral and
intramembranous bone formation.17 Zegzula et al.18

reported that a 20-mm–long rabbit radius defect
treated with 35 or 70 mg rhBMP-2 and porous poly (DL-
lactic acid) was repaired completely after 8 weeks.
Kaito et al.19 reported that a 15-mm–long rabbit radius
defect treated with 5 and 20 mg rhBMP-2 was repaired
completely, retaining sufficient strength after 8 weeks.

The optimum release pattern, BMP dosage, and
BMP carrier have not been established. An excess

Figure 3.
A) Histologic view of a specimen with peptide-coated bone mineral at 4 weeks. New bone formation was noted across the defect area and was more
pronounced than with using uncoated bone mineral. The bony margin is indicated by the arrows. B and C) Higher magnification of the boxes shown in A.
New bone that formed around the particles was integrated well with the bone mineral (*). (Multiple staining; original magnification: A, ·20; B and C, ·100.)

Table 1.

Induced Bone Formation (mean – SD)

Group

Regenerated

Bone (%)

Graft

Particles (%)

Soft

Tissue (%)

Uncoated bone
mineral

5.7 – 3.8 32.2 – 9.5 62.2 – 8.9

Peptide-coated
bone mineral

25.6 – 6.1* 27.0 – 4.8 47.6 – 3.8*

* Significant difference between the two groups after 4 weeks (P <0.05).
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BMP dosage may be dangerous because BMPs
have many effects.20 Many reports show that BMP-
impregnated polymers release most BMP with an
initial high burst effect. Soon thereafter, local BMP
concentrations dropped below the therapeutic level
and lost their biologic activity as a result of degra-
dation.21-23 This unwanted property, particularly with
regard to the effectiveness of highly concentrated
substances, has led to interest in receptor technology,
which has proven to be a practical and cost-efficient
method of accelerating bone regeneration.24

Saito et al.25 reported that alpha-tricalcium phos-
phate scaffolds impregnated with 5 mg of a 73-92
peptide almost completely repaired 20-mm–long rab-
bit radial bone defects after 12 weeks. The investiga-
tors suggested that 5 to 35 mg rhBMP-2 would provide
the same repair. Ectopic bone formation has been
observed in alginated hydrogel linked to BMP-2 resi-
dues 68-87 when implanted into rat calf muscle.6

A 73-92 peptide also elevated alkaline phosphatase
activity and osteocalcin mRNA in a murine cell line,
and peptide-conjugated alginate gel prolonged ec-
topic calcification in rat calf muscle.26 Acceleration
and denser bone regeneration was achieved when
the 73-92 peptide-conjugated alginate gel particles
were coimplanted with syngenic rat bone marrow
stromal cells in a rat unicortical tibial defect.27 En-
hanced bone healing was achieved when a BMP-2
peptide sequence was conjugated covalently to tita-
nium surfaces.4

In this study, the peptide mentioned above was
used to coat demineralized bovine bone, and the ef-
fects on bone regeneration were evaluated. The study
was done at a 4-week period to evaluate bone forma-
tion in the early healing period. Histologic observa-
tions using multiple staining methods showed that
no adverse response was induced by the graft, with
or without peptide. The quantity of new bone at sites
with peptide-coated bone mineral was greater than
at sites with uncoated bone. The new bone was de-
posited evenly around the graft material, and the
bone mineral was integrated fully with the new bone
in test sites.

By histomorphometric analysis, the percentage
gain in bone regeneration was calculated as the ratio
of the area of newly formed bone to the area of the
original defect, as reported previously.9 A significant
finding in this study is the accelerated formation of new
bone observed at test sites compared to control sites.

These results suggest that the formation of new
bone and the normal healing process progress more
rapidly when the synthetic oligopeptide is used.

CONCLUSIONS

The use of deproteinized cancellous bovine bone
coated with a synthetic oligopeptide enhanced new

bone formation. It seems to be a more beneficial ma-
terial for clinicians because this can be translated
into rapid formation of bone and, thus, shorter healing
and faster recovery times after bone grafting and
much faster completion of implants.
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