The International Journal of Periodontics & Restorative Dentistry

©2010 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.




39

The Feasibility of Demineralized Bone
Matrix and Cancellous Bone Chips in
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Matrix Membrane for Alveolar Ridge
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An investigation was conducted to test the feasibility of demineralized bone matrix and
cancellous bone chips in a reverse-phase medium carrier (DynaBlast) in concert with an
extracellular matrix membrane (DynaMatrix) to provide hard and soft tissue regeneration
for the purpose of a ridge preservation procedure. Nine patients requiring extraction of 30
maxillary teeth were grafted with DynaBlast and DynaMatrix. Twenty sites attained primary
flap closure over the grafted area (primary healing intention group), while 10 sites were
assigned randomly to the secondary healing intention group, in which primary flap closure
over the membrane was not achieved. Clinical and radiographic evaluations at 6 months
revealed comparable bone formation for both groups. Histologic analyses of 21 harvested
soft and hard tissue core biopsies revealed absence of the remnant membrane and
consistent patterns of new bone formation. The efficacy and safety of DynaBlast and
DynaMatrix have been validated clinically and histologically to preserve the dimensions

of the alveolar process. (Int J Periodontics Restorative Dent 2011;31:39-47.)
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Resorption of the postextraction al-
veolar ridge has been reported to
result in unfavorable morphogenic
and volumetric changes."" The
predictability of ridge preservation
procedures employing bone graft
materials in conjunction with bar-
rier membranes to prevent bone
resorption is especially important in
prominent rooted maxillary anterior
teeth.!°

Demineralized freeze-dried bone
allograft (DFDBA), also known as
demineralized bone matrix (DBM),
has been considered previously to
simulate the osteogenic effects of au-
tologous bone."? The biologic activity
of DBM is presumably attributable to
proteins and various growth factors
present in the extracellular matrix and
made available to the host environ-
ment by the demineralization pro-
cess. The efficacy of DFDBA or DBM
in ridge preservation procedures has
been documented clinically.'>2 DBM
has been formulated with both syn-
thetic and natural carriers, such as
poloxamer 407, collagen, gelatin,
glycerol, and sodium hyaluronate, to
provide improved handling and de-
livery properties.
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An exclusionary barrier mem-

brane promotes selective osteogenic
cells to proliferate, since it prevents
downgrowth of soft tissue entities.
Therefore, the structural integrity of
the membrane and its biocompatibil-
ity to the underlying graft material
are essential for early wound healing.
To date, instances of early membrane
exposure have demonstrated im-
paired regenerative outcomes result-
ing in compromised bone quality
and quantity.?"?? Soft tissue dehis-
cences resulting in spontaneous
membrane exposures have been re-
ported to range from 28% to 40%.232
Furthermore, most bioabsorbable
barrier membranes are not intended
to be left exposed during the healing

period.?®

Fig 1 (left) Patient with large caries lesions
and failing root canal treatments on the
maxillary central and lateral incisors. Implant
treatment was requested to replace these
unrestorable teeth.

Fig 2 (below) Atraumatic extraction was
performed to preserve the thin buccal plates,
and the sockets were thoroughly curetted.

Clinical and radiographic suc-
cess of regenerative biomaterials that
can be verified through histologic
and histomorphometric evaluations
provide a high level of confidence to
the clinician. The primary objective of
this case series was to demonstrate
the feasibility of DBM and cancel-
lous bone chips in a reverse-phase
medium carrier (DynaBlast, Keystone
Dental), in conjunction with an extra-
cellular matrix membrane obtained
from the submucosa of the small
intestine of pigs (DynaMatrix, Key-
stone Dental), to provide hard and
soft tissue regeneration for a ridge
preservation procedure. The sec-
ondary objective was to determine
the safety and efficacy of hard tissue
regeneration in sites that were aug-
mented with an exposed DynaMatrix
membrane compared to sites that re-
ceived primary flap closure over the
DynaMatrix membrane.

Method and materials

Nine patients (four men, five women;
age range, 32 to 61 years) requiring
localized ridge preservation proce-
dures after extraction of maxillary
teeth (n = 30) participated in this out-
patient study. All subjects required
removal of one or more teeth, and
subsequent implant therapy was
planned for tooth replacement (Fig
1). Patients were systemically healthy
with no surgical contraindications.
Oral and written explanations of the
study, including the risks, benefits,
and alternative therapies, were pro-
vided. All patients volunteered for
the protocol and signed an informed
consent form based on the Helsinki
declaration of 1975, as revised in
2000. Preoperative periapical radio-
graphs and computed tomography
(CT) scans were taken for all subjects
prior to the initiation of the study.
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Fig 3a DynaBlast was injected and filled to
the level of the adjacent crest.

The surgical sites were anes-
thetized with 2% xylocaine with
1:100,000 epinephrine. An intra-
sulcular incision was followed by a
buccal full-thickness flap. Atraumatic
extractions were performed and the
postextraction buccal plates were
investigated for dehiscence and fen-
estration (Fig 2). Those with a thin
or partially missing labial plate were
selected to undergo the proposed
ridge preservation procedure.

Thirty extraction sockets were
divided randomly into two treat-
ment groups. All sites received graft-
ing with DynaBlast and DynaMatrix.
DynaBlast was injected and filled to
the level of the adjacent crest with
minimal compression to allow for
passive fill, and a barrier membrane
(DynaMatrix) was trimmed and con-
toured to fit over the grafted site
(Figs 3a and 3b). The buccal flap
was mobilized to allow for tension-

Fig 3b DynaMatrix was used as a barrier
membrane to protect the underlying graft-
ing material.

free primary flap closure over the
membrane for the primary healing
intention group (group A, 20 extrac-
tion sockets) (Fig 4). The second-
ary healing intention group (group
B) consisted of 10 grafted extrac-
tion sockets, and no attempts were
made to advance the flap to cover
the entire membrane. The size of
the exposed areas varied from ap-
proximately 2 X 5mmto 5 X 7 mm.
Simple interrupted 3-0 silk sutures
(Ethicon) were used to position the
flap over the augmented area and
followed with verbal and written
postoperative instructions. Appro-
priate antibiotics (500 mg amoxicil-
lin, 3 times daily for 5 days or 300 mg
clindamycin, 3 times daily for 5 days),
analgesics (800 mg ibuprofen, 3
times daily for 5 days), and mouth
wash (0.12% chlorhexidine digluco-
nate, 2 times daily for 2 weeks) were
prescribed. Sutures were removed

Fig 4 The membrane was left exposed
intentionally at the maxillary left central inci-
sor site (secondary intention healing group),
while primary flap closure was obtained at
the left lateral incisor (primary healing inten-
tion group).

7 to 10 days postsurgery, and pa-
tients were seen at regular intervals
during the 6 months of healing.

A postoperative CT scan was
obtained 6 months after the ridge
preservation procedure prior to im-
plant surgery. Soft and hard tissue
biopsies of the grafted area were
obtained using a 3-mm trephine bur
(Biomet 3i) along the long axis of the
treated site prior to implant place-
ment (n = 21; PrimaConnex Straight
Implants, Keystone Dental). Twenty-
one cores were obtained: 13 from
group A and 8 cores from group B.
They were placed immediately in
formalin and shipped to a histologist
for detailed histologic and histomor-
phometric evaluations.
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Light microscopy

Histologic procession was carried out
on 21 biopsies. The cores were em-
bedded following complete dehydra-
tion in ascending grades of ethanol in
a light-curing one-component resin
(Technovit 7200 VLC, Heraeus Kulzer).
Polymerized blocks were initially
ground to bring the tissue compo-
nents closer to the cutting surface. A
100-pum-thick section attached to the
second slide was cut by using a dia-
mond blade saw and 50 to 100 g of
pressure. A final thickness of 40 pm
was achieved by grinding and final
polishing with 1,200-, 2,400-, and
4,000-grit sandpaper. Sections from
each block were used for toluidine
blue/pyronin G staining without de-
plastination.

Fig 5 Early wound healing observed throughout the healing period at (left) day 7 and (right) day 18 without any obvious signs of complication.

Results

Clinical and radiographic
evaluations

A total of nine patients requiring
extraction of 30 maxillary teeth un-
derwent simultaneous ridge pres-
ervation procedures with DynaBlast
and DynaMatrix. All subjects com-
pleted the study, and no adverse
events or complications were report-
ed. Throughout the course of the
healing phase, both primary (group
A) and secondary healing intention
sites (group B) underwent a similar
clinical and radiographic healing.
Group B demonstrated early epitheli-
zation over the exposed membrane
at 2 weeks (Fig 5). The healed tissue
over the exposed membrane sites
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Fig 6 Six-month postsurgical CT scans revealed preserved ridge
dimensions of the sockets, as well as radiographic evidence of bone
formation and maturation.

was pink in color, without evidence
of tissue infection or inflammation at
4 weeks. None of the exposed mem-
branes showed signs of infection nor
had to be removed prematurely.

The CT scan evaluation at 6
months after ridge preservation
demonstrated various degrees of
radiographic bone maturation (Fig
6). Some grafted areas were indis-
tinguishable from the neighboring
native bone, while others revealed
dispersed areas of radiolucency, indi-
cating immature bone formation.

The soft tissue that formed over
the exposed membrane area ap-
peared to be firm in texture at the
6-month soft and hard tissue biop-
sies. The regenerated bone also ap-
peared to be dense and firm and
offered significant resistance to the

trephine bur. A full-thickness flap was
elevated to clinically reenter the graft-
ed site after the biopsy. Clinical reen-
try revealed that the dimensions of
the ridge appeared to be maintained
in both groups. Internal socket bone
fill was evident for both groups, and
most augmented sites were indistin-
guishable from the original neighbor-
ing bony tissue. The buccolingual
dimensions of the augmented alveo-
lar ridge allowed placement of den-
tal implants that were at least 4 mm
in width (implant diameters ranged
from 4 to 5 mm,; lengths ranged from
10 to 13 mm). Implants were placed
successfully in all sites, irrespective
of the treatment. All implants were
placed uneventfully and have been
restored (Fig 7). Overall, clinical and
radiographic examinations revealed

Fig 7 Restored dentition at 1 year.
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Fig 8a Ground section of a specimen at 6 months (secondary healing intention group) show-
ing (1) newly formed bone, (2) DBM particles undergoing mineralization, (3) cancellous bone

chips, and (4) marrow space.

Fig 8b (right)

Higher magnification view of Fig 7a revealed (1) subsequent new bone forma-

tion and (2) an acellular remineralization of DBM. 4 = marrow space.

that this combination of biomateri-
als appeared to prevent buccal plate
resorption, even in sockets with obvi-

ous dehiscences and fenestrations.

Light microscopy

Histologic analysis was implemented
to determine the presence of the
membrane, signs of inflammation
or adverse reaction of the surround-
ing tissues, new bone formation,
and remodeling of the grafted area
under the membrane (Figs 8 to 10).
No obvious signs of local inflamma-
tion or other adverse effects on the

surrounding tissues, or membrane
remnants, were observed (Fig 10b).
The connective tissue was devoid of
inflammatory cell infiltrates but was
characterized by the presence of a
dense network of collagen fibers.
There was perceived bone density
improvement proceeding from the
coronal to apical direction. Evidence
of more mature bone formation was
found in the primary healing intention
group (Figs 10a, 10c, and 10d).
Three distinctive patterns of
mineralization processes that were
reported previously by Groeneveld
et al with DFDBA in sinus augmenta-
tion? and by Kim et al with DynaBlast

Fig 9 (top) Light microscopic overview and
(bottom) backscatter scanning electron
microscopy overview showing cores
obtained from another secondary healing
intention group. Note the presence of soft
connective tissue (CT) covering the mineral-
ized augmented area composed of (1) newly
formed bone, (2) DBM particles undergoing
mineralization, (3) cancellous bone chips,
and (4) marrow chambers. Also note the per-
ceived bone density improvement proceed-
ing from the coronal to apical direction.

also in sinus augmentation?’ were
observed in the current study. The
first mineralization pattern revealed
osteoconduction on the surface of
cancellous bone chips and DBM and
bridging between the two biomateri-
als. A second mineralization pattern
observed demonstrated reminer-
alization of the DBM particle starting
in the particle center, whereby the
mineralization front was following
the lamellar organization of the DBM
particle. A third mineralization pat-
tern demonstrated the remineraliza-
tion process starting at the periphery
of DBM particles and advancing to-
ward the inner area.
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Fig 10a  Ground section of a specimen at 6 months (primary healing intention group) dem-
onstrating a robust regeneration of newly formed bone and minimal amounts of remaining
graft particles (DBM). E = keratinized epithelium; CT = connective tissue; B = bone.

Fig 10b (right) High-magnification view of the soft tissue covering the grafted area in the
primary healing intention group (see Fig 10a). Note the presence of a keratinized epithelium
(E) with a well-developed keratinized layer (arrows) and the presence of a dense network of
collagen fibers in the connective tissue (CT). Also note that the connective

tissue is devoid of inflammatory cell infiltrates. Membrane remnants were not found.

Figs 10c and 10d  Higher magnification
view of the primary healing group specimen
showing (1) newly formed bone along with
(2) the presence of DBM undergoing the
remineralization process. 4 = marrow space.

Discussion

Preservation or reconstruction of the
extraction socket according to the
principles of guided bone regenera-
tion allows sufficient alveolar bone
volume and favorable ridge archi-
tecture for implant placement. Even
though favorable results have been
reported with a wide array of bioma-
terials currently being used in ridge
preservation procedures, it is es-
sential to test new biomaterials in a
clinical setting to rule out slow graft
resorption and remodeling processes
that can be detrimental in bone re-
generation. A well-contained four-

wall extraction socket defect with a
good vascular supply is an ideal site
for osteoconductive bone graft ma-
terial. Areas with buccal plate dehis-

cence or fenestration may require
both osteoconductive and osteoin-
ductive materials to achieve accept-
able results for implant placement.
DynaBlast has been found previ-
ously to be a safe and efficacious
augmentation material for the sinus
augmentation procedure by the
means of histologic and histomor-
phometric analyses.?” There is a clini-
cal and radiographic confirmation of
new bone formation via three dis-
tinctive mineralization patterns. The
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ultimate bone substitute should con-
duct or induce new bone formation
and eventually show time-dependent
resorption and replacement by the
new bone.

All barrier
in ridge preservation procedures

membranes used

should provide barrier biocompatibil-
ity, tissue integration, cell occlusion,
space-making ability, shape adapt-
ability, and simple application.® The
DynaMatrix extracellular matrix mem-
brane is obtained from the submuco-
sa of the small intestine of pigs using
a process that retains the natural com-
position of matrix molecules, such
as collagens (types |, Ill, IV, and VI),
glycosaminoglycans, glycoproteins,
proteoglycans, and growth fac-
tors.230 A study that tested the fea-
sibility of DynaMatrix compared to an
autogenous gingival graft in increas-
ing the width of attached keratinized
tissue revealed that both procedures
were effective and predictable.®'
A unique finding from the current
study was that some ridge preserva-
tion sockets did not receive primary
coverage over the membrane but
still obtained similar clinical and radi-
ographic findings when compared to
the primary flap closure group. Spon-
taneous exposure of the membranes
in both primary and secondary heal-
ing intention groups, which has been
commonly reported for cross-linked
and non—cross-linked collagen mate-
rials, %324 was not observed. It appears
that DynaMatrix (exposed or not)
can serve as a barrier to sufficiently
support hard tissue regeneration.

The clinical and histologic find-
ings observed in this study seem to
reveal that commercially available

DynaBlast has the potential to dem-
onstrate both osteoconductive and
osteoinductive potentials for appo-
sitional new bone growth, as well as
promoting migration of osteopro-
genitor cells to the DBM.

Conclusion

Clinical and histologic evaluations of
the DynaBlast bone grafting material
and DynaMatrix membrane used in
this investigation promoted the pres-
ervation of the postextraction ridges
after a 6-month healing period to re-
ceive dental implants. Grafted sites
that healed by secondary healing
intention revealed similar clinical and
radiographic findings as sites healed
by primary healing intention. Ex-
posed areas of the barrier membrane
appeared to be clinically re-epitheli-
alized 2 to 4 weeks after membrane
exposure.
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