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Introduction

Clinical studies have shown significant bone
resorption and volume loss in the first 6 months
after tooth extraction (1). Socket augmentation
has been advocated to eliminate the need
for a secondary reconstructive procedure
(2). Several types of graft material have been
used to prevent bone resorption and volume
loss, including FDBA (1), ABBM (3), DFDBA

(4,5), alloplastic materials (6), and mixtures of
allograft materials with calcium sulfate (7-9),
as well as only dense PTFE barriers to protect
a blood clot in the extraction socket. This
enables vital bone formation in the site (10-12).
The purpose of this study was to evaluate an
innovative, biphasic calcium sulfate (BCS),
BondBone™ (MIS, Israel), to be used as a
graft material at the time of tooth extraction.
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The ability of BondBone™ to preserve and
augment socket volume and resorb in the
desired time period between extraction and
implant placement was evaluated clinically
and histologically.

"Private Practice Periodontics and Implant Dentistry, Ra’anana, Israel. “Professor and Director, Division of Oral and Maxillofacial Pathology, Director Hard Tissue Research
Lab, University of Minnesota, School of Dentistry, Minneapolis, Minnesota. *Senior Researcher, Department of Hard Tissue Research, University of Minnesota, Minneapolis,
Minnesota. “Senior Researcher, NYU College of Dentistry, Department of Biomaterials and Biomimetics, New York, NY. *Private Practice Periodontics and Implant Dentistry,
Scarsdale, NY and NYU College of Dentistry, Departments of Periodontics and Implant Dentistry, Oral Surgery, New York, NY.

Fig. 1 Clinical view of mandibular right first molar after PFM crown removal.

Fig. 2 Periapical radiograph taken after tooth extraction.

Fig. 3 Intact socket after tooth extraction.

Fig. 4 Socket grafted with BondBone™.



Case Description

A 39-year-old woman presented with a failing
mandibular right first molar under a fixed PFM
prosthesis. The patient was in good health and
had no medical contra-indications that would
prevent routine dento-alveolar surgery.

Pre-operative photographs and periapical
radiographs were taken of the site. After
bridge removal, the tooth was deemed
hopeless. It was sectioned and extracted
in an atraumatic manner using periotomes
and luxators (Figs. 1-3).

The site was thoroughly debrided by
mechanical means to remove granulated
tissue. BCS, packaged in a sterile syringe,
was grafted to the level of the gingival margin,
and the BCS powder was whetted with sterile
saline before placing in the socket.

Excess liquid was expressed into sterile gauze
and the BCS injected into the site. After the
site filled to ideal contour, dry gauze was

Fig. 5 Collagen fleece placed on top of the grafted
socket with partial coverage of the extraction site.

Fig. 6 Periapical radiograph taken 3 months post-socket augmentation.

applied and lightly compressed on top of
the BCS. Working time was approximately
2 minutes (Fig. 4).

The site was covered with a collagen fleece
(Fig. 5). Over a 3-month period, the patient
was monitored for soft tissue healing and
radiographic evidence of graft resorption
and bone formation. A radiograph was taken
which revealed a defect fill (Fig. 6).

A full thickness mucoperiosteal flap was
elevated and a trephine was used as the first
bur for osteotomy preparation in the mandibular
right first molar site (Figs. 7,8).

A dental implant was inserted in dense
bone which was fully stable at the time of
placement.

Histologic evaluation showed vital bone in
the site (Fig. 9), which was allowed to heal
for 3 months before uncovering (Fig. 10),
prosthetic loading, and restoration.
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Histological Preparation and
Histormorphometry

At the time of implant placement, bone core
was harvested from the surgical site. The
trephine containing the bone was fixed in
10% neutral buffered formalin.

After dehydration, the specimen was infiltrated
with a light-curing embedding resin. After 20
days of infiltration with constant shaking at
normal atmospheric pressure, the specimenwas
embedded and polymerized by 450 nm light
with a temperature of no more than 40°C.

The specimen was then prepared using
the cutting/grinding method of Donath and
Breuner (13,14). After histologic preparation,
the core was evaluated morphometrically. At
least two slides of the core were evaluated.
Parameters evaluated were total area of the
core, percentage of newly-formed bone, and
percentage of residual graft material.

Fig. 7 Biopsy of the bone core. Note complete ridge

reconstruction.

Fig. 8 Trephined core from the augmented socket.



Discussion

Calcium sulfate is the simplest synthetic bone
graft material with the longest history of safe
use in medicine and dentistry, spanning more
than 110 years.

In 1893, Dreesman was the first to use
calcium sulfate to obliterate bone cavities
caused by tuberculosis (15,16). It exists in three
different phases: anhydride, cal dihydrate and
hemihydrate. Medical grade calcium sulfate
is highly bio-compatible, bio-resorbable, and
osteoconductive.

In bone regenerative techniques (17,18), calcium
sulfate has a good reputation because of its
safety, moldability and complete resorption
followed by newly-formed bone. In experiments,
it stimulates bone growth when placed in
contact with bone or periosteum (19). The
resorption profile matches the rate at which
the host environment (20) can lay down bone
around the implant (21,22). For example, in

dogs, complete resorption is achieved within
4 months (15). Ricci etal. (23) report formation
of a mineralized, HA-like latticework as the
calcium sulfate dissolved.

BondBone™, the material studied, is different. It
is a biphasic calcium sulfate, prepackaged in a
syringe that was developed to facilitate handling
and reduce time in dental augmentation
procedures.

BondBone™, a granulated powder that functions
as a scaffold for bone regeneration in dental
procedures, is self-reinforced. Therefore, it sets
and remains hard and intact in the presence
of blood and saliva.

This enables itto preserve the desired three-
dimensional space throughout the healing
period. In many cases it does not require
membrane coverage, thus reducing working
time and costs. The resulting unique porous
structure and chemical composition determine
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the strength and bio-resorption period that
beneficially influences the bone regeneration
rate. The composition of BondBone™,
characterized by a controlled, predetermined
setting time, strength, and resorption rate, can
be used in a variety of cases during repair of
bone defects.

In the presented case, vital bone was formed
in the re-entered, regenerated site. In the
mandibular molar site, 51% vital bone resulted
with less than 1% remaining bone replacement
graft material.

This is in contrast to studies with bovine graft
materials where 25-35% residual graft has
been shown at all time periods (3). Additional
studies are needed to compare vital bone
formation in sockets grafted with this calcium
sulfate mixture to other graft materials and the
long-term dimensional stability of the bone
regenerated.

Fig. 9 Histologic picture showing complete bone remodeling

with absence of remaining graft particles.

Fig. 10 Site at time of implant uncovering, 3 months post implantation.



Conclusions

This technique of extraction and simultaneous
graft and barrier placement is predictable for
restoring the alveolar ridge volume. BondBone™
can be safely left partially exposed to the oral
environment. In this 4-month prospective
study, the predictable formation of vital bone
in treated extraction sockets has led to 100%
success rate in implant placement and loading.
Additionally, the bone has maintained its
integrity radiographically and enabled support of
keratinized tissue with no dimensional alterations
over the experimental period. BondBone™ is
simple and effective to use in treating extraction
defects before dental implant placement.
Within the limits of the presented case, it is
suggested that BondBone™ is bio-compatible
and osteoconductive and allows for newly-
formed bone. Although the data are base on
a single case, BondBone™ appears to be an
accepted material in socket therapy.
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